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EXECUTIVE SUMMARY

This “survey on biowaste collection systems with evaluations for decentralised systems” consist of
three main parts: the identification of factors important for biowaste collection (section 2), the
evaluation of the current biowaste collection in Europe (section 3), and the provision of a framework
on biowaste collection chains for decentralised valorisations (section 4). The focus of the study was
set on food waste from households and catering, since both waste types are actually underutilised,
available in most locations, and suitable as feedstock for the decentralised micro-scale anaerobic
digestion facilities, which are the anticipated valorisation unit within DECISIVE.

Waste collection involves many different stakeholders and a multifaceted infrastructure. Hence,
many ambient, social and technical factors and their interactions have to be considered as well as
the status quo on waste collection for the implementation of decentralised systems. Commonly
applied biowaste collection systems have been reviewed for the six DECISIVE countries Belgium,
Denmark, France, Germany, Italy and Spain. The Spanish region of Catalonia was exemplarily
evaluated in more detail. The review revealed significant differences not only between countries, but
also between regions and municipalities. Door-to-door as well as bring systems are applied and the
components, which are allowed in- or excluded from biowaste, vary partly strongly. Biowaste
collection chains for decentralised systems consist principally of three levels, namely the “biowaste
level”, the “biowaste generator level”, and the “biowaste caretaker level’. The “biowaste level”
focuses on the origin and the properties of locally available biowaste types such as food waste from
households and catering as well as green waste from private and public land. The “biowaste
generator level” tackles the first storage and collection at the waste generator site, e.g. in the
household or the garden. The second storage, collection and third storage represent parts of the
“biowaste caretaker level”. The three levels are interdependent. A multitude of options for
implementation of collection chains exist and many possible elements for all levels were introduced.
For transition to decentralised biowaste management systems each location must be evaluated
singularly and individually.

The survey represents an important step towards the development of the DECISIVE decision-
support-tool which aims at supporting local stakeholders on the implementation of urban biowaste
collection solutions connected with a decentralised micro-scale anaerobic digestion unit.

DECISIVE



LIST OF ABBREVIATIONS

Anaerobic Digestion

Bring point collection (definition: section 1.4)
Civic amenity sites (definition: section 1.4)
Door-to-door collection (definition: section 1.4)
Decision support tool

Food waste (definition: section 1.4)
Micro-scale anaerobic digestion
Megagramm (Sl-unit); 1 Mg = 1 ton
Mechanical-biological treatment

Pay as you throw

Solid-state fermentation

Woody waste (definition: section 1.4)
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1 Background, study goals, interfaces, and
terminologies

1.1 BIOWASTE VALORISATION AND THE DECISIVE PROJECT

Since fossil raw materials are becoming scarce, biowaste is more and more a resource for
valorisation. A system for a complete and efficient utilisation of biowaste and other urban biogenic
residues for energetic and substantial valorisation purposes defined Korner (2014) as a “civilization
biorefinery”. Urban biocycles are also addressed in Morlet et al. 2017. Moreover, the idea of a closed
loop is addressed on European level within the circular economy package (European Commission,
2015b). Though, the “civilization biorefinery” is still a vision today, but examples exist which
demonstrate their potential and steps into realisation.

DECISIVE provides a new approach in this direction (Figure 1): A network of decentralised micro-
scale anaerobic digestion (mAD) plants is supposed to transform local urban biowaste e.g. from
households, restaurants and commercial activities into the energy carrier biogas and the digestate,
which contains substantial valuables. In combination with a new, small-scale type of Stirling engine,
the biogas can provide heat optionally combined with power for local consumption. The engine can be
coupled with hydrogen, concentrated solar energy or additional fossil fuels (Alanne et al. 2010; Dorer
and Weber 2009), which may support the flexibility of the decentralised system.

To achieve the transition from an end-of-pipe thinking to a circular approach, also the valorisation of
digestate is considered. The efficient utilisation of digestate determines the overall success of a
circular approach (Kérner 2014). DECISIVE proposes to reuse the digestate circularly and locally
after post-treatment. Users may be local urban or close peri-urban farms which have a demand on
soil improvers and fertilisers. Solid-state-fermentation (SSF) would allow producing additional
products from digestates. Options are enzymes or biomolecules such as organic acids, pigments,
phenolic compounds, aromas and biosorbents (Yazid et al. 2017, Soccol et al. 2017). First
investigation in DECISIVE narrowed the possibilities to biopesticides, which will be investigated in

more detail.
FROM AN END-OF-PIPE THINKING... ...TO A CIRCULAR THINKING: DECISIVE
EXTRA-URBAN AREA EXTRA-URBAN AREA
Z = PERI-URBAN AREA
/ \ Urban Fams
DECISIVE: CHANGE OF Bovaste - BURMET Netwark of
URBAN METABOLISM _ Producers AREA SSF

Network of
decentralised AD

MUTRIEN'S

FIGURE 1: DECISIVE vision towards a decentralised biowaste management.

The principal DECISIVE scheme is designed to provide local population and any generators of urban
biogenic waste with decentralised solutions for the management of their biowaste aiming to close the
organic cycle taking into consideration the intra-, peri- and external urban areas. Finally, DECISIVE
will provide a decision-support-tool (DST) to be able to design locally adapted solutions.
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1.2 WASTE COLLECTION SURVEY WITHIN DECISIVE

DECISIVE has eight interrelated work packages. Work package WP 3.2 deals with “Waste collection”
and consists of three parts. One is the “Survey on waste collection systems with evaluations for
decentralised applications” (D3.5). Figure 2 shows the interactions with closely related DECISIVE
tasks.

WP 5

Decision support tool for planning a decentralized
system of urban waste valorization

* Lead: ENT

WP 3

Establishment of the
decentraliezed biowaste
management scheme —
Concepts and tools

* Lead: AU

WP6/WP7

Case studies + pilot
implementation

* Catalonia (site selection,
Lead: ENT)

* Lyon (pilot implementation,
Lead: IRSTEA)

* Liibeck (kitchen waste
collection,
Lead: TUHH)

D 3.5 (this study)

Survey on waste collection
systems with evaluations
for decentralized
applications

WP 4 WP 3.2

Process Development Collection chains for
 Lead: IRSTEA decentralized biowaste

management
* Lead: TUHH

D4.1
= Partner: AU, ENT, IRSTEA,
Report on pre-defined IST, ACR+, Refarmer
specification for micro-AD
(finished)

FIGURE 2: Interfaces of this survey (D3.5) to other work packages within the DECISIVE project (D4.1, D3.5 and
upcoming deliverable at the DECISIVE webpage: http://www.decisive2020.eu/.

; (&)
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Based on the previous DECISIVE deliverable D4.1, food waste (FW) was evaluated as the most
suitable fraction for valorisation in mADs. Thus, the present study focuses on FW, especially on
municipal FW from households and catering, since they occur in most locations. However, other food
residues such as market wastes or residues from the food-processing industry and distribution are
suitable for mADs as well as other anaerobically biodegradable feedstocks such as grass cuttings.
The hypothesis of DECISIVE is that decentralisation can improve waste management. This implies
that also waste collection is decentralised.

Specifically, the following goals are addressed within this survey:

1. Critical aspects of waste collection (section 2): In order to develop strategies for
transition from current biowaste management systems towards more efficient ones, the
evaluation of the state-of-the-art of waste collection systems defines the basis.

2. Current collection situation (section 3): The currently applied collection procedures
were investigated based on a survey for the DECISIVE countries and selected cities
within these countries. For Spain, the region of Catalonia was exemplarily considered in
detail.

3. Collection chain classification (section 4): A collection chain classification for
decentralised applications was developed as basis for local decisions. The specific units
within this classification are explained.

This survey includes information from open source literature and databases, as well as knowledge of
the contributing DECISIVE partners. Since the issue on waste collection is complex and location-
specific, it is challenging to identify and systematise the most relevant information for further
incorporation into the DECISIVE-DST. Collection-related data currently available are heterogeneous,
sometimes scarce or entirely inadequate for this scope. Therefore, the issue of missing key data was
addressed in order to provide strategies to fill this data gap in the future.

1.3 INTERFACES OF THE WASTE COLLECTION SURVEY TO OTHER DECISIVE
WORKS

The results of this study reveal several interfaces to other activities within DECISIVE (Figure 2).
Within work package WP 3.2 this survey (D3.5) builds the foundation for the upcoming deliverables
on “Models for decentralised collection” (D3.7) and “Household food waste collection” (D3.6). All the
previous will be contributing to the collection case study of the eco-innovative city quarter Lubeck-
Flintenbreite as well as to the mAD demonstration sites (WPs 6/7). The gathered information will also
be used to provide comprehensive data inventories to feed the life cycle assessment and to design
the connection to the waste management life cycle inventory (WP 3). Furthermore, this survey on
biowaste collection contributes the visualisation of the spatially distribution of biowaste potentials (WP
3.3). It includes information from D4.1 with pre-definitions for mAD units and will support the further
development of mAD processes (WP 4.1). Therefore, this waste collection study received from and
supplied information to the project partners. Overall, this study will support the design of the DST with
the key information to waste collection for decentralised collection schemes.

1.4 WASTE COLLECTION TERMINOLOGIES

Commonly used terminologies for waste and collection related issues vary among partners,
stakeholders and countries. In order to improve the mutual understanding, the terminologies used in
the survey were defined. Biowaste is defined according to the directive 2008/98/EC (European
Commission, 2015a) “as biodegradable garden and park waste, food and kitchen waste from
households, restaurants, caterers and retail premises, and comparable waste from food processing
plants. It does not include forestry or agricultural residues, manure, sewage sludge, or other
biodegradable waste such as natural textiles, paper or processed wood. It also excludes those by-
products of food production that never become waste.” Following, biowaste is subdivided in more

10
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specific components as predefined in deliverable D4.1 (Figure 3). Those take specifications, needed
for the development of decentralised collection schemes and linkings to other biowaste types, into
consideration. Other specific waste types as well as waste collection types are defined as well.

Categories of biowaste:

e Food waste (FW): from private households and from the catering sector (e.g.
restaurants, hospitals, school or prison canteens) or from retail sector (e.g. markets,
bakeries or food distribution shops); FW generation starts from the retail sector; similar
residues from composition, but generated earlier in the food chain (e.g. in food
processing industry) are food losses (FAO, 2017); FW may contain packaging materials
as impurities in significant amounts. Furthermore, it can be divided in avoidable and not
avoidable fractions.

e Green waste (GW): anaerobically degradable waste from private gardens and public
green structure such as parks, cemeteries, roadsides, railway slopes; it is one possible
part of garden or landscaping waste; it is soft and compactable; it contains a high content
of “green” fractions (e.g. grass cuttings, leaves, flowers, herbs) and no or a low content of
woody fractions (e.g. twigs, branches, stems).

e Woody waste (WW): lignocellulosic (wood-rich) substrates (e.g. twigs, branches, stems);
commonly not anaerobically biodegradable (at least not without a special pre-treatment);
it is one possible part of garden or landscaping waste; it is rigid and bulky; it may contain
a certain part of GW fractions (e.g. leaves attached to twigs).

Biowaste
Food waste Garden / landscaping waste
Avoidable FW Unavoidable FW Green waste Woody waste

FIGURE 3: Subdivision of biowaste into specific biowaste types

Categories of feedstocks for mAD:
e Core substrate: priority feedstocks for mAD; in this investigation FW was chosen (D4.1,
Figure 2).
e Co-substrate: further locally available and anaerobically digestible substrates (e.g. GW;
but not WW).

Categories of mixed wastes with FW shares:
e Mingled waste: All types of waste fractions are collected together including FW since no
separation system is offered.

e Residual waste: All types of waste fractions are collected together including only a part
of collected FW since a source-separation system for biowaste is offered. The biowaste
guidelines have to point out that FW is allowed within the biowaste.

Categories of collection systems:
e Door-to-door collection systems (DD): All systems with collection devices such as
buckets, bins, bags or containers, which belong to one single building.

e Bring points (BP): All systems where the collection devices such as bins, bags or
containers used by inhabitants from several buildings.

e Civic amenity sites (CAS): Cover collection sites which are typically enclosed and
operated by qualified staff. The citizens bring the waste to those sites.

These definitions may be upgraded in the further progress of DECISIVE and shall be included in the
DST to allow mutual understanding.

11
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2 Critical aspects of waste collection

Since each transition from an existing into a new system is a challenge, the critical ambient, social
and technical aspects are highlighted in this section. The system of waste collection comprises many
different actors and a multifaceted infrastructure. Furthermore, waste collection systems have to be
adapted to their local surrounding. Hence, many factors and their interactions are important and have
to be considered. Although these factors are described separately, they are interdependent. It should
be noted that many of the subsequent aspects described for waste collection are also valid for waste
management systems as a whole. The evaluation focuses on biowaste as a major fraction in
municipal solid waste.

2.1 AMBIENT ASPECTS

Waste collection is influenced by many ambient factors including environmental, economic and
regulatory factors and their resulting interactions (Pires et al. 2011). The ambient factors are specific
for each country, region and/or location. For all DECISIVE-countries EU legislations and strategies
are valid.

EU roadmaps and legislation:

Roadmaps (e.g. regarding climate protection and FW avoidance; European Commission 2015a/b)
may lead to legislations in the future and frame the upcoming trends. DECISIVE-relevant legislation
was summarised in the annex 1 of D4.1 (Figure 2) and is regularly updated. The directive 1999/31/EC
targeted for the exclusion of biodegradable municipal waste from landfills. In addition, a proposal to
amend this directive on waste included the separate collection of biowaste to contribute to an
increase in preparing for reuse and recycling rates. Reuse and recycling include composting and
anaerobic digestion (AD) as well as the production of environmentally safe materials from biowaste
(European Commission 2015a). Synergistically, this directive is in alignment with the EU action plan
on a “circular economy”. This plan set priority areas including to halve FW per capita at the retail and
consumer level by 2030 and to turn biowaste into a bioresource for substantial and energetic
applications (European Commission 2015b). This EU action plan announces a maximum of 10% of
landfilling of municipal solid waste (MSW) by 2030 including a recycling goal of 65% of MSW. The
communication for ‘waste-to-energy’ (European Commission 2017) promotes AD where the digestate
is used as fertiliser considering good practice conditions to support the achievement of the recycling
goal. Legislations are actually providing the frame for practical implementations of waste collection
systems, whereas roadmaps give an outlook on the future.

National and regional legislation and regional implementation:

Waste-collection-related EU-legislations are implemented differently on national and regional levels
and result in different national and regional legal frameworks (see annex 1 of D4.1, Figure 2). An
example for the regional level is the Catalan (Spain) waste regulation. It made the biowaste collection
mandatory in Catalan municipalities larger than 5000 inhabitants since 1996 and for all municipalities
and commercial activities since 2009 (Regions for Recycling 2014). A national example is the German
biowaste regulation (BioAbfVO 2013), which obligates separated biowaste collection since 2015 (UBA
2015). Every municipality or regional authority takes the responsibility for the practical implementation
of the waste collection system on regional level and will further specify the national legislations. This
results in a wide variety of systems and its different technical infrastructures (BiPRO/CRI 2015).
Regional legislations may further be translated into a readable form for the inhabitants, e.g. in form of
brochures, which give the collection guidelines. The quality of such materials has big influence on the
final collection performance. The regional legislation determines also the local financial system for
covering the waste collection expenses (e.g. fees, taxes, other contributions).

12
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Economy:

Many systems for financing waste collection exist. “Pay as you throw” (PAYT) systems are considered
to be the best choice for transition to new decentralised systems. They can be a successful method to
encourage people to reduce and separate waste as well as give basic information for local planning of
waste management. The economic situation of citizens may influence the collection system design as
well. Regarding Rosenhauer (2011) the amount of discarded food is above-average in households
with a high income and a higher education level. However, this is no general rule. On the other hand,
citizens with higher income could afford to eat more at restaurants, thus shifting waste generation
away from private homes. The costs of equipment and devices (e.g. buckets, bins) or other devices
allocated to households have also to be taken into account. Furthermore, costs occurring also for
storage and collection devices as well as transport systems used by local caretakers or waste
managers. New systems will compete with the current ones. Economically more affluent inhabitants
may be able and willing to pay more, if the service improves.

Regional stakeholders:

A broad range of actors from local government and waste management companies to residents’
boards and caretakers are connected to the waste collection chain at one stage or another. A
connection to the key stakeholders e.g. from public authorities and waste management companies is
necessary, when implementing new systems. For that reason, within DECISIVE, regional waste
experts interviews will be carried out. The results will be published in the upcoming deliverable D 3.7
(Figure 2). Furthermore, the opinion of citizens is considered by interviews. The results will be
included in the second upcoming deliverable D3.6 (Figure 2).

Settlement structure:

Issues on the settlement structure are addressed in scientific literature as of high influence on waste
generation and collection (e.g. Krogmann 1994, Kérner et al. 2009, Adwiraah 2015). Based on
Adwiraah (2015) the collected waste from multi-family buildings differed from single-family houses.
The availability of a garden had an impact on collected biowaste amounts and composition, since
garden waste was placed in the biowaste bin. The FW was mainly present in the residual waste since
the biowaste bin was preferably used for garden waste. Geographical factors play an important role
for determining biowaste quantities on local level and the frequency of the collection as well.
Borosowski et al. (2016) and Hertel et al. (2015) highlight the importance of size of the land as
potential area for GW generation. Adwiraah (2015) addresses the importance of the structure of
population as generators of FW. Individual consumption patterns are influenced by household size
and income. Information about the sizes of land and land use as well as information on the number of
inhabitants including population density are major factors which have to be known. Infrastructural
elements such as roads or isolated houses have a strong influence in the design of the collection
system as well.

Seasonality:

Seasonality is addressed in scientific literature as of high influence on biowaste generation (e.qg.
Krogmann 1994, Korner et al. 2009, Adwiraah 2015), since environmental and climatic conditions play
an important role for vegetation growth. Principally, in Europe four seasons with different
temperatures and precipitation values are distinguished. For the DECISIVE-countries, the climatic
zones are given in Tables 1 to 6 (section 3.2.1). In general, the growing season lasts from March until
November. Therefore, the seasons are closely connected to GW generation (Adwiraah 2015,
Scherhaufer et al. 2015). A further fact is that higher surrounding temperatures require a higher
collection frequency especially in waste collection systems (Regions for Recycling, 2014). Oppositely,
the food retail sector is less affected by seasonal variations (Scherhaufer et al. 2015). In touristic
places the population and consequently the biowaste generated increases during the touristic
seasons e.g. summer or winter. Contrary, cities with many students may have a lack of population
during study free periods and therefore generated waste amounts reduce. All this factors should be
considered when planning a decentralised waste collection scheme. For that reason, it is suggested
to design new collection systems taking seasonal variations into account.

13
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2.2 SOCIAL ASPECTS

The waste collection behaviour of citizens and commercial stakeholders can be a critical aspect for
the success of any waste management scheme. The evaluation of social aspects focuses on citizens,
since household waste collection is especially challenging and relevant for each local system.
Previous studies have indicated a number of factors which are pertinent for source separation and
waste handling at household level. The following is based among others on Petersen (2017), which in
turn includes a literature study. The issue will be further addressed by citizen interviews within an
upcoming DECISIVE deliverable (D3.6, Figure 2).

Comprehension and competence:

Knowledge about what and how to separate is crucial for any kind of waste management system but
not always shared by citizens. It is closely linked to the design of the waste collection system and
especially to the waste destination (e.g. landfilling, incineration, recycling such as AD). The waste
categories for source-separation in households are commonly defined by the professional actors in
the waste management system. However, the suggested categories and the common knowledge of
everyday life do not always match. For instance, Henriksson et al. (2010) describe difficulties to
distinguish between packaging and non-packaging waste, if the waste is composed from the same
material (e.g. plastic from food packaging vs. plastic from a toy). Also, citizens do not always know or
understand to what extent food-remains must be removed from metal, glass and plastic packagings
before they are disposed in the proper bins, or they do not know how to distinguish between solid and
soft plastics, as it has been required in the municipality of Copenhagen for a period (Petersen 2017).
The knowledge on the purpose of source-separation in terms of recycling of the separated fractions is
rarely sufficient too. Furthermore, also if the knowledge exists, it is often not implemented due to
practical and convenience reasons. In summary, the waste separation guidelines should be easy
comprehensible and goal-oriented and the knowledge about correct source separation needs to be
worked into daily routines (Petersen 2017).

Ethics:

Various legislations and rules regarding waste handling exist in different surroundings. But
implementing general norms into successful practice are a critical challenge. Some studies indicate
that in some countries and regions it is considered a civic duty to separate waste for recycling
(Henriksson et al. 2010, Ekkvall and Malmheden 2012, Refsgaard and Magnussen 2009, Petersen
2017). Though, this civic duty is framed in different ways by different people, either as part of a
general environmental concern, as part of a general understanding that usable things and materials
should never be discarded or as part of an aesthetic and hygienic order requiring clean, nice and tidy
living environments. However, they are framed, such civic norms are not universally shared, not even
in the same settlements or among people living under the same conditions. Some citizens do not care
at all or only care about the waste being removed from their own living quaters. Others try to reduce
their waste and separate strictly to or even beyond the provided rules. Therefore, for designing
collection schemes, on the one hand the general norms of the majority should be known and on the
other hand the possible behaviors considered as well.

Proximity and accessibility:

Many studies (e.g. Barr et al. 2003, Dahlén et al. 2007, Gonzalez-Torre and Adenso-Diaz, Rousat et
al. 2015, Sérbom 2003, Struk 2017) indicate that citizens need easy access to the collection points for
recyclable and non-recyclable waste fractions. The collection infrastructure should be close to
everyday domestic work. If this is not the case, lower recycling rates and poorer qualities of source-
separated wastes may be obtained. Interviews with caretakers and residents’ boards (upcoming D3.7,
Figure 2) will give indicators on the disposal behaviour of citizens if e.g. bins for various recyclable
fractions are not located close to each other. The above mentioned studies are not specific regarding
convenient distances for citizens to walk either to the DD or the BP collection site. The same is true
for CAS, but those are rather reached by driving. The studies conclude that proximity is preferable.
However, it can be added as an example that the municipality of Copenhagen, Denmark established
that the distance to a waste collection bin cannot be more than 50 m from the citizen’s home
(upcoming D3.7, Figure 2).
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Sensory experience:

When it comes to source-separation of biowaste many citizens may have some concerns regarding
sanitary and sensory implications (Refsgaard and Magnussen 2009), both in their homes and at the
collection points. It is assumed that this is even more relevant for DD compared to BP. People may
feel disgust for preparing the biowaste for recycling (e.g. scraping aged food remains out of jars) and
resent the possibility of foul smells from the buckets in their kitchen, which may occur if FW is stored
too long. They may also be disgusted by touching the collection bins or containers especially for
biowaste. People may fear that collection points for biowaste, e.g. in their garden, basements, sheds,
and at DD points at kerbsides emit foul smells, leaks and/or attract bugs and vermin, and thereby limit
the use of their outdoor spaces. Such concerns may lead to resistance against biowaste collection.

Space within the home:

Waste is usually kept within the home for a while (e.g. depending on the size of the vessel, the
collection times of the bin, the cooking activities, the caretaking activities) until it is delivered to the
next step in the collection chain — whether it is a DD, BP or CAS collection system. The storage time
may also depend from the transport distance (e.g. within the perimeter of building or transport to BP
or CAS stations). Some studies indicate that space in the home is a critical factor (Barr et al. 2003;
Martin et al. 2006) while others indicate that this problem is less significant or easily manageable
(Fahy and Davies 2007, Petersen 2017). Space is probably an important issue especially for small
apartments and for waste collection rules which include many recyclable fractions and an even more
important issue when biowaste is included in the recyclable fractions (upcoming D3.7, Figure 2).

Space outside the home:

It might also be difficult to find enough space outside the home. If DD-collection is used, there is not
only space at kerbsides needed for the waste pickup by the waste management company, but rather
space outside (e.g. in driveways, car ports, front gardens, gardens) or inside a building (e.g. in waste
rooms, sheds, garages etc.) for all the bins or containers needed for recyclable fractions.
Furthermore, the space for DD- or BP-collection points may be especially limited in areas with high
population density, where buildings are very close along the periphery of the streets. In this case, bins
are often placed in the basements of buildings where space for biowaste separation is often difficult to
ensure. Especially in basement options complications regarding the transport of the heavy collection
containers to the kerbside have to be considered.

Time:

According to some studies, the time available for waste separation is also a determining factor. Thus,
Martin et al. (2016) found that citizens with small children tend less to separate their waste due to
missing time. It can be argued that also other household types can lack sufficient time, but however,
time is closely linked to proximity and accessibility of collection points as well as to knowledge and the
integration of this knowledge into everyday routines. Waste separation behaviour is strongly habitual
(Henriksson et al. 2010) and if citizens know what, where and how to handle different waste fractions
they may just do it routinely and the time spent becomes a smaller problem (Petersen 2017).

Trust:

Trust is also a critical factor in source separation. Some studies indicate that people need the
assurance that waste collected for recycling is actually recycled, otherwise they lose trust in the
system and may stop recycling (Refsgaard and Magnussen 2009). Other studies show that citizens
trust the systems by default and do not need prior proof or assurance that the systems work. They
show almost no interest in or do not have knowledge about the procedure with the recycled fractions
after they have been collected, but that does not keep them from separating these fractions (Petersen
2017).

Individual specifics:

FW is one of the most important fractions generated in households. Rosenbauer (2011) proposes that
the age of citizens and household sizes have a high impact on the amount of generated FW, e.g.
younger people as well as persons living in more than 3 person’s households may produce by trend
more FW. The lifestyle of the citizens influences not only the FW generation and collection behaviour,
but is also important in terms of food consumption habits. Similarly, household size and composition,
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their norms and knowledge regarding eating may influence food consumption.

Such parameters, including the differences between people’s cooking and eating behaviour, are
difficult to track (Adwiraah 2015). Especially under consideration of the FW reduction goal of 50%
(United Nations Report 2015, European Commission 2015b) a priority topic for transition to
decentralised FW collection and valorisation schemes includes the differentiation of FW into avoidable
(e.g. spoiling due to long or wrong storage) and non-avoidable fractions (e.g. peels and not edible
parts) which is highly depending on individual specifics.

2.3 TECHNICAL ASPECTS

Waste collection is connected with complex technical infrastructures. It is equally important to under-
stand the details of and the differences between various systems when one wants to estimate the
guantities and qualities of waste. Reliable waste data are the basics for any technical planning pro-
cess. The following section outlines principal considerable technical factors for planning of decentral-
ised waste collection schemes independently if it involves state-of-the-art or innovative elements.

Waste types:

A lack of standardisation appears already in the different definitions and categorisations used from
statistical offices, in scientific literature and in practice. However, waste types are classified and
codified in the European waste catalogue provided by EPA (2002). In the catalogue different types of
agricultural, municipal, and industrial wastes and wastes from further sectors are listed
comprehensively and defined using a six-digit code. The list is oriented towards the traditional waste
management goal “to protect the environment and human health by preventing or reducing the
adverse impacts of the generation and management of waste and by reducing overall impacts of
resource use and improving the efficiency of such use”. The EPA-list contains more than 80 waste
types that are biogenic or contain biogenic fractions of significant amounts. However, waste type
definitions related to the new demands for collection schemes for decentralised AD are necessary
(section 1.4).

Waste origins:

Waste collection and management depend on the sector from which wastes originate, whether it is
from households, food handling businesses, other types of public and private businesses, or from
public areas such as parks and urban spaces. Waste generators from different sectors behave in
different ways and the factors that influence qualities and quantities of collectable fractions may vary
depending on the origin. Within DECISIVE the focus is laid on FW from households and from the
catering sector (section 1.4). Other origins may be relevant as well, depending on the specific local
situation of waste generation (e.g. industrial food processing residues, FW from wholesale and retail).
Regarding Kranert et al. (2012), German food residue shares related to different origins as follows:
households (61%), industry (17%), large consumers (17%), and trade (5%). FW from household
waste is expectedly occurring regionally everywhere, whereas the availability from the other sector is
highly depending on the specific location. The sectors of origins were adapted to DECISIVE demands
in section 4.2.

Waste collection systems:

Waste collection procedures used in Europe are described in many publications (e.g. Rodrigues et al.
2016, Pires et al. 2011, BiPRO/CRI 2015) and are variable not only on national, but also on regional,
municipal and even local level (Rodrigues et al. 2016). This includes whether biogenic waste fractions
are co-mingled with mixed or residual wastes, valorised at home (e.g. fed to animals, home
composting) or collected separately. Various studies point out the advantage of source-separation as
a fundamental prerequisite for achieving high collection rates and good waste qualities for further
valorisation (BiPRO/CRI 2015, Schiich et al. 2016, Nelles et al. 2016, Pires et al. 2011). The
collection system influences the collected amounts and qualities (Adwiraah 2015). DD systems might
provide higher recycling rates and waste fractions with better quality compared to BP systems, but
appear to be more expensive (BiPRO/CRI 2015; Regions for Recycling, 2014). A monitoring carried
out by the Catalan waste agency (1500 samples in 2015) showed that biowaste contained 14 %
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impurities if BP collection was applied, but only 6 % with a DD system. However, further municipality-
specific factors might be influencial (e.g. types of separated fractions, feedback information,
incentives, connection rate of inhabitants to a specific system). For instance, a biowaste collection
system might be offered to the citizens, but parts of the population are excluded since they are doing
home composting, the district produces low qualities, or houses are too far located from the
valorisation facility. The differences in the principal collection procedures are described in section 3.2
for the DECISIVE countries, and a classification on the collection chain for decentralised valorisations
is provided in section 4.1. The collection chain addresses the questions, how waste is separated,
collected, stored and transported by the generator (e.g. citizen or commercial stakeholder) as well as
by the municipality or the caretaker in subsequent steps until disposal, treatment or recycling in
common schemes or to valorisation by mAD in DECISIVE schemes.

Waste collection equipment:

Various simple (e.g. buckets, bins and/or bags) and more specific equipment (e.g. containers,
collection vehicles and trucks) might be applied. Moreover, advanced systems are described in
literature or are applied to a small extend (e.g. kitchen waste shredder for homes; underfloor
collection containers for place saving collections; Richter et al. 2017). Technical factors to evaluate
state-of-the-art collection equipment and equipment usable for the decentralised collection schemes
include e.g. material and fuel types (bio-based or fossil-based) and the need of additional means (e.g.
cleaning water, place demands). Furthermore, investment and operating costs need to be evaluated.
A classification on equipment option is provided in sections 4.1 with more specific explanations in
section 4.2, 4.3, and 4.4.

Pathways of collected waste:

The pathways of the collected waste end either at a disposal site, a treatment facility or a valorisation
facility. The destination influences the type of collection strongly, e.g. regarding the demanded purity
levels. For valorisation by AD, the biowaste separation degree, the content on impurities (e.g. glass,
stones, and plastics), and on hazardous substances (e.g. heavy metals) are important factors. Mixed
and residual wastes, however, could have incineration or mechanical-biological treatment (MBT) as
preparation for landfilling as a destination. Conventional waste destinations need to be known as
benchmark to evaluate DECISIVE collection schemes. They will be described in DECISIVE work
package WP 3.1 (Figure 2). If the destination of the biowaste is a mAD facility, the collection scheme
has to consider the demands of a mAD unit, which were described in D4.1 (Figure 2). The purity
demand of feedstocks for mAD is higher compared to conventional AD due to limitations regarding
the integration of sorting units.

Biowaste amount:

Eurostat data base provides a statistical overview of waste data across Europe, including the
following biowaste categories: Animal- and mixed FW (WO091, item 31) which includes “non-
hazardous animal and mixed FW of food preparation and products” as well as vegetal waste (W092,
item 32) which includes “non-hazardous vegetal waste from food preparation and products, including
sludge’s from washing and cleaning” (Eurostat 2010). Eurostat receives information from each
member state, but each country sets own predefinitions regarding the statistical approach.
Furthermore, not the same categorisations are used, which impede the comparability of data.
Although Eurostat data consist of high heterogeneity, it forms the most reliable waste amount
information system on European level. However, data are not usable for design of decentralised
collection schemes, also because metadata do not include information about the exact investigation
methods used. National and regional environmental agencies or statistical offices may provide
biowaste data too. If no country-comprehensive national statistical data exist for biowaste, commonly
municipalities have knowledge on the collected biowaste amounts. For instance, the Catalonia Waste
Agency recovers all municipal data in monthly bases and publishes it each year (ARC, 2017).
However, if it comes to the design of new collection schemes it has to be differentiated between
potentially available and collected amounts. A clear definition of the term “biowaste amount” is crucial
to avoid planning errors due to false assumptions (Brosowski et al. 2016). Scientific reviews (e.qg.
Brosowski et al. 2015, 2016; Kranert et al. 2012) demonstrate that biowaste quantities actually
available do not only cover a wide range, but also often appear without exact differentiation of the
biowaste types included and the respective origins.
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Types of food residues:

The food chain starts in agricultural production and food consumption is the core of the chain.
Regarding the terminology, food wastes, food losses and by-products of food processing industry are
often not differently addressed. However, clear definitions for potentials and collected FW amounts,
clear boundaries between the sectors as well as strategies to come to reliable local data are crucial to
plan resilient and efficient decentralised systems. The residues which occur until food arrives at the
consumer level are referred to as “food losses” and at the consumer level as “FW” (Kérner 2014,
section 1.4). Food losses occur in agricultural production and harvest, during post-harvest handling
and storage, and during industrial processing. Basic data on national food supplies and food losses
are available at FAO’s “food balance sheets”. However, many data were gained only in sections of the
chain, with different methods and under various circumstances and intentions. Calculations often also
contain vague estimations (Kdrner 2014). Neither in the FAO database, nor in other statistical
databases “FW” data is available. The boundary between food losses and FW should be the
consumer level, starting with the retail sector (section 1.4).

Food waste amounts:

Only a few studies addressed the issue of FW generation in households. Data on the commercial
sector are even scarcer. Available FW data have to be considered as estimates and suffer from the
lack of unique and agreed upon definition. They include indifferent fractions of resources which makes
them difficult to compare and to monitor trends (Fusion, 2016). For EU-28, a range between 83 and
101 kg per capita and year was given for FW generated in households, whereas food losses and FW
covering the sectors of primary production, industrial processing, wholesale, retail and households
were given with 173+27 kg per capita and year (Stenmarck et al. 2016). In Catalonia, according to
statistics, the municipal FW was 147 kg per capita and year including commercial activities; and 73 kg
per capita and year without commercial activities. 50 kg per capita and year has been selectively
collected in average (including commercial activities), which accounts for one third of the total
biowaste produced. 35 kg per capita and year were considered as avoidable (Generalitat de
Catalunya 2011). DEPA (2014) gave a FW value of 83 kg per capita and year for Denmark. A
scientific study of Kranert et al. (2012) provided differentiated FW data for Germany: 82 kg per capita
and year generated within the households and thereof 62 kg per capita and year collected (43 kg via
residual waste bins and 19 kg via biowaste bins). Furthermore, 65% of the FW was considered as
avoidable or partly avoidable and 35% as not avoidable. A local evaluation (households from 2 streets
within the district Bergedorf, Hamburg, Germany) based on waste sorting’s carried out by Adwiraah
(2015) resulted in collected FW amounts between 44 and 59 kg per capita and year, whereas
following fractions were differentiated: food processing residues, food leftovers, complete food
packages, opened food packages, not packed food. Further FW shares might be in the fraction, which
was smaller than 10 mm, but could not explicitly be assigned.
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3 Current biowaste collection

To get an overview of the wide range of options on the currently applied biowaste collection options, a
survey was conducted, focusing on waste collection systems from selected cities in the DECISIVE-
countries. Additionally, a more comprehensive survey was carried out for the region of Catalonia,
Spain. The knowledge on the state-of-the-art forms the basis for transition of current systems to more
efficient collection systems, which are connected with a subsequent on-site valorisation technology.

3.1 METHOD: DESKTOP SURVEY ON COMMONLY USED WASTE COLLECTION
SYSTEMS

A survey on commonly used waste collection systems was performed with focus on cities from the six
DECISIVE countries. By this selection the diversity of the applied systems is expected to be well
covered for European situations. The survey focuses on the collection of biowaste from households
but also addresses waste collection systems in general. General information has been taken from
national reports which included information on waste collection systems, available on websites and
ministries. More specific information on municipal waste management has been taken from public
waste collection guidelines describing the local systems for the citizens. In the evaluation a
differentiation was made from country to country, and among the cities in one country. Considering
the complexity of European waste collection systems, an evaluation of every single city in a country
would neither be feasible due to time constraint nor deliver value-added information regarding the
scope. The cities were chosen by the following criteria:

e Degree of urbanisation: Most people live and the largest amount of household waste is
produced in cities. At the same time cities are the most detached from circular resource flows.
Hence, the biggest achievement in recycling of biowaste from household waste can be
achieved in cities.

e Study focus: Municipalities with populations between 20,000 and 3,500,000 inhabitants were
considered. Despite some exceptions, commonly the largest cities from the country were
chosen. In result, the range for sizes of most cities lays between 100,000 and 600,000.

e Case variety: By choosing different cities from the six DECISIVE countries (Belgium,
Denmark, France, Germany, Italy and Spain) across Europe the study covered a broad
variety of collection schemes, which includes also a comprehensive variety of aspects
relevant for biowaste collection.

The selected cities of the six DECISIVE countries were assigned to one of the following groups
regarding the collection of biowaste:

e No comprehensive biowaste separation carried out
e Comprehensive biowaste separation carried out

The resulted grouping was implemented in the graphical information system (GIS) software Quantum
GIS (QGIS) 1.7.4 based on geographical data from OpenStreetMap (http://www.openstreetmap.org).
The results are provided in Figure 4.

Considering the selected cities, more detailed country-based sorted factsheets on biowaste collection
were prepared to present the available information in a standardised way (Tables 1-6). The general
section of the fact sheet includes information on the population and the basic collection type (DD, BP,
CAS; section 1.4). The latter includes information on collection frequency, occurrence of biowaste
separation and biowaste types, which are in- or excluded from the separate biowaste collection.

As an example for a whole region, in Catalonia, Spain a more detailed investigation was performed.
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Catalonia was chosen since it applies biowaste collection already since a long time. Furthermore,
within DECISIVE, in Catalonia a decentralised collection with subsequent mAD shall be implemented
as demonstration case, and a suitable location for that has to be chosen. For Lyon, the location of the
DECISIVE-mAD demonstration facility is already set; therefore, Lyon was considered in the common
evaluation only.

3.2 RESULTS: OVERVIEW ON WASTE COLLECTION PROCEDURES

3.2.1 Biowaste collection in the DECISIVE countries

The state-of-the-art of biowaste collection across the six DECISIVE countries is shown in Figure 4.
Cities were marked with a green symbol if the public available guideline of the municipality provided
biowaste separation regulations which included FW as one fraction of the biowaste.

Based on this it was assumed that a comprehensive biowaste collection is in practice and that
biowaste collection covers FW at least partially.
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FIGURE 4: Overview on biowaste separation of exemplarily selected (not all) cities of the six DECISIVE
countries Belgium, Denmark, France, Germany, Italy and Spain.

Green: biowaste separation is conducted for many households and the biowaste contains FW
Red: biowaste separation is not or seldom conducted or biowaste does not include FW

DECISIVE-case study regions: CATALONIA and LYON

20

DECISIVE



s

Some Danish cities received a red symbol although biowaste separation is offered, but only for
garden waste. Paris received a red symbol since the majority of inhabitants are not connected to a
biowaste system, and biowaste collection is applied in only 2 districts since 2017. Rennes received a
red symbol even though parts of the inhabitants separate biowaste for home or community
composting. Both cities do not offer a comprehensive municipal collection service for separate
biowaste collection.

The situations discovered in the selected cities were quite diverse. As Figure 4 displays, a nationwide
separate collection of biowaste is available in Belgium, Germany, and Italy. While the collection
system in Germany evolved independently step by step in the municipalities since the first biowaste
collection was introduced in 1985 (UBA 2015), Italy installed this system over the last decade. In all
other countries the situation is regionally divers. The country-based sorted factsheets (Tables 1-6)
provide an insight into biowaste management procedures for the selected urban areas. Following a
short summary of the Tables 1-6 is provided.

e Collection types: DD systems dominate in all countries except Spain, where BP
systems dominate; partly as BP systems on demand. Frequently, CAS systems are
offered for exceling amounts. Some of the DD and the BP systems work with an
electronic chip system.

e Collection frequencies: They ranged between daily up monthly. Mostly the collection
rhythms were constant for the whole year, but partly they did vary monthly. This was
the case e.g. for the garden wastes (GW+WW) in Denmark due to seasonality of plant
growth, but also for FW in Copenhagen. In Lille, France, collection frequency varies
with the population density within the city. In Cagliari, Italy, the biowaste is collected 6
times a week in summer time and only 3 times a week in winter time due to changing
climatic conditions. In hot climates the biowaste degrades faster and therefore rather
leads to bothering. In Palma de Mallorca and Catalonia the collection frequency is
differed in high and low season, since it is a touristic area with varying numbers of
people present.

e Included fractions in biowaste: Following fractions were mentioned explicitly to be
allowed in biowaste, whereas the listings can differ from city to city - wood, leaves,
grass, FW, biodegradable bags, food leftovers, expired food, peels, coffee grounds,
tissues, paper towels, compostable bags, animal waste, not cooked FW, FW prepared
and raw without packaging materials. For FW sometimes rather specific description are
given. E.g. for Hamburg, Germany they are summarised in Table 4 under FW, but in
the public guidelines following fractions are explicitly mentioned: fruit residues,
vegetable residues, cooked food left overs, coffee filters, tea bags, milk products
without packaging, bread, egg shells (SRHH 2017). For animal waste in some
municipal guidelines it is mentioned, that only small amounts are allowed.

e Excluded fractions in biowaste: Following fractions were mentioned explicitly to be
allowed in biowaste, whereas the listings can differ from city to city (cooked FW, shells
and bones are for example allowed in Catalonia): cooked FW, napkins, ashes,
egg/nut/oyster/mussels shells, animal waste, bones and fish bones, fruit stones wood,
biodegradable bags, egg and other shells, wood. In some French and all Italian cities
wood, leaves and grass are excluded, in all Spanish WW and in the Danish FW.

In the tables 1-6 population size of the municipalities, chosen for the evaluation, was given. However,
waste collection is often organised in the scale of a region. Therefore, the information sometimes also
applies for larger areas. In some cases, the information listed in the table may not be the most actual
or might be misinterpreted from the cited guidelines. For instance, if pilot plants are installed in a city,
the impression of comprehensive collection might be indicated by the brochure. If asking experts with
local contacts, the impression might differ. This is for example the case for some of the listed Spanish
cities, where representatives from Spanish regions confirmed at the organic matter workshop in the
Spanish Ministry (12.07.2017) that biowaste collection is not comprehensive, but applied in
demonstration scale.
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3.2.2 National waste collection specifics

Biowaste collection is closely connected with the collection of other waste fraction. Therefore, national
specifications regarding waste and biowaste collection for the six DECISIVE-countries are summarised in
the following. This might also include the situation in smaller municipalities and regional levels.

Belgium:
The collected main fractions are similar in the three Belgian regions Wallonia, Flanders, and Brussels.

Glass waste is collected at BPs (Belgian term: bring banks), separated into white and coloured glass.
Some of the glass bottles are part of a deposit system and have to be brought to shops. Paper waste and
cardboard waste are collected together either in DD collection or at BPs. Plastic and metal packagings
are collected together with multi-layered beverage cartons either in DD collection or at BPs. Biowaste
separate collection includes FW but is not comprehensively available in Belgium. Larger cities installed a
DD collection (Table 1). Home composting is recommended by several municipalities. Commercial
biowaste and biowaste from public institutions, which is similar to household biowaste, is commonly
managed together with the household biowaste within the municipal waste management systems. In
Wallonia, by the end of 2014, about 140 communes out of 262 had implemented biowaste collection. A
consortium of seven municipalities organises municipal waste management. Most of them perform the
selective biowaste collection at least on a part of their territory. In two municipalities FW is excluded from
the biowaste collection. Among these two, one allows the citizens to bring their FW to CAS. Likewise, in
Flanders region, the municipalities partly have implemented the biowaste collection. Consistently, animal
by-products are excluded from the sorting guidelines (Ovam 2016). In Brussels, shells and bones are
excluded from the biowaste collection. The system is applied in all the 19 communes since 01/01/2017.
However, the collection of separated FW is on volunteer basis and the waste generators have to
purchase special bags (Table 1). Complementary, GW is only collected from April until the end of
November in the Brussels Capital Region. Additionally, CAS’ are common. In Antwerp (Flanders) for
biowaste a mixture of DD and underground containers as local BP are applied. Underground containers
are used in dense urban centre. CAS are supplementary applied.

Denmark:

In Denmark, recyclables and residual waste are collected by DD collection. In the larger cities, FW has
been collected within the residual waste fraction. CAS collection for garden waste (GW+WW) has been
established in almost all Danish municipalities. A DD collection for garden waste on demand is also
possible, but only with extra payments. Commonly FW has been collected with residual waste and
incinerated with production of electricity and heat. Several cities have established biowaste collection
schemes, among others Roskilde, Copenhagen and Odense. Testing various separate waste collection
systems and also quality monitoring of the resulting biowaste has been performed and documented in
public available surveys (COWI 2017, DEPA 2003, 2014b, 2015, 2016a, b, NIRAS 2013). Biowaste
separation and collection from households in e.g. Roskilde and Copenhagen will start in the autumn of
2017. In Copenhagen, a voluntary collection scheme from single family houses has already been
established since 2015. In Odense from October 2016 to October 2017 various new collection schemes
including biowaste separation are tested. The test on biowaste separation includes 2000 households
(corresponding to 2% of all households in Odense). Since 2003, Bioveekst located in Holbaek have
received separate collected household biowaste from ten municipalities (Kalundborg, Holbaek, Odherred,
Frederikssund, Egedal, Gribskov, Halsnees, Hillerad, Rgdovre, Ringsted) (Biovaekst 2017). Separate
collection of household biowaste is increasing in Denmark over the last years. For example, Roskilde
municipality have separate collection of garden and FW from 1%t of September 2017, while Veerlgse
municipality is an example of a city where household waste is sorted in eight fractions since June 2016
(Furesoe Kommune 2016).

France:

In France, the public waste management service is in charge for household waste and assimilated waste
from companies. The waste management competency lies by the municipalities or by inter-municipal
organisations (e.g. EPCI), syndicates, or at “département” level (Local County). Choices for operational
management of waste differ from one organisation to the others, e.g. regarding the collection type (DD or
BP) and frequency. In terms of separate collection of recyclable waste, three main collection types are
relevant: two-flows - glass / paper and packagings (60%); tri-flows - glass / paper / packagings (17 %); tri-
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flows - glass / paper and cardboard / plastic and metal (5%). The other 18% of the recyclable waste
masses are collected using specific local systems. The distribution of the collection types varies with the
housing type. For example, in urban municipalities with dense housing, only the two first types are
applied. Only 9% of the population collect biowaste separately of which 6% were garden waste. At the
moment the biowaste separation is not mandatory (unless for big producers with more than 10 Mg FW/a)
but most of the municipalities have promoted home and proximity composting to reduce the quantity of
FW in residual municipal waste.

Germany:
In Germany it is mandatory to separate biowaste since January 2015 (KrWG, § 11 para. 1). Although the

DD collection is of a high coverage (Table 4), it does not cover the entire population. According to the
German Environmental Protection Agency, in 2012, 52% of the households used a biowaste bin or
container (80 | to 1100 I) (UBA 2015). In 2016, 80% of the households from the 387 administrative
districts were able to use the biowaste collection system (Richter et al. 2017). However, households can
be freed from biowaste collection, if they apply home composting or don’'t have place for biowaste
collection bins. Among others, the container and bin sizes as well as the fee system determine the
amount of collected biowaste (UBA 2015). Although biowaste separation is commonly applied, about 70
% of the FW is disposed in the residual waste (Kranert et al. 2012). UBA (2015) shows, that even in best
cases of biowaste collection, at least about 20 kg biogenic matter per capita and year remains in the
residual waste and follows most likely incineration pathways (Thréan et al. 2016). The separate collected
biowaste was a long time mainly treated primarily by composting, but now increasingly also in
combination with AD. The developments were mainly driven by regulations. Since August 2017 also for
commercial waste it is mandatory to improve waste separation (GewAbfV, 2017). Therefore, it may be
expected, that biowaste amounts collected from commercial sectors will increase in the near future. In
Germany, many waste fractions are separated such as wastepaper and cardboard, packaging materials
and waste glass. DD, BP and CAS options are available.

Italy:
In Italy, commonly biowaste collection is applied (Table 5), but different collection vessels may be used. If

separate collection is not available, co-mingled collection is common with various fraction combinations.
Since DD collection is applied in large cities (Table 5), BPs at kerbsides (bins and dumpsters) are also
often established for all recyclable wastes (FW, garden waste, glass cans, paper and plastic), and for
non-recyclable household waste. Home composting is promoted by incentives such as discounts on the
waste collection tax. CAS exists for bulky waste such as furniture, electrical appliances, demolition
wastes, and more. Sometimes a free public service (up to a certain weight) is offered to transport the
bulky waste from the kerbside to the CAS. Additionally, a free public DD service is offered for large pieces
of garden waste (WW such as branches). It has to be noted, that quite different specific methods of waste
collection are applied at municipality level, even in the same region.

Spain:

The predominating collection system in Spain is the BP system. Partly, this includes also separately coll-
ected biowaste (Table 6). However, most Spanish regions actually do not apply biowaste separation.
Catalonia is the only Spanish region where biowaste separate collection is comprehensively implemented
for a long time (section 3.3). The Spanish Framework Waste Management Plan (Ministerio de Agricultura,
Alimentacion y Medio Ambiente, 2016) established the obligation to include biowaste separate collection
in the regional waste management plan. Consequently, all Spanish regions must include this collection
system in their plans. Some regions have recently started the biowaste separate collection, and Guip-
uzcoa is the one where the system is more widely implemented yet. In some regions such as Navarra,
Valencia, Asturias, experiences have been made with some pilots. Moreover, waste collection proce-
dures of the regions are quite often unique and individual. For instance, San Sebastian and Pamplona
use a chip-opening container system on voluntary basis respectively and a key-opening system for
biowaste. In parts of Guipuzcoa (e.g. Tolosaldea community) a card opening system is applied for both,
biowaste and residual waste. In Spain commercial waste from small businesses such as retailers, hotels,
and restaurants is often handled together with the waste from households. Therefore, biowaste from
commer-cial activities is included in the general municipal biowaste management system. Large
commercial generators may have the choice to either choose the municipal waste management service
or contract a private service. Further detailed explanations are provided for Catalonia within the following
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In summary, biowaste collection systems are widely applied in Germany, Italy, Belgium, Denmark, and
Catalonia (Spain) or rarely e.g. in France, and in most parts of Spain. Sometimes, biowaste is collected
without FW shares as it is the case in many Danish municipalities. Biowaste without FW shares can also
be brought to BP or CAS stations on demand, e.g. in ltaly or Germany, respectively. Additionally, in
Belgium GW bags might be bought and collected via DD systems. Often, biowaste collection includes FW
shares, sometimes also exclusively as it is the case in large Italian cities. For such biowaste, often DD
collections are used, e.g. widespread in Germany, in ltalian large cities, and in 130 municipalities in
Catalonia. In Catalonia and ltaly also BP systems are applied. The survey also showed that specific
biowaste fractions can be collected separately. The example of Italy showed that FW can also be
collected solely without GW fractions. If no separate biowaste collection is applied, FW is collected
together with the mingled waste, which is commonly done in parts of Spain, most of France, parts of
Demark and Belgium. When source separated biowaste collection exists, the residual waste still consists
of significant amounts of biowaste, particularly FW. Furthermore, additional FW fractions can be recycled
at home, e.g. in home composting, which is frequently the case e.g. in France.

3.2.3 Details for Catalonia

Catalonia is a region in north-eastern Spain with approximately 7.5 Mio. inhabitants. It is organised in the
four provinces Barcelona, Girona, Lleida and Tarragona (Figure 5). The majority of the population
(5.5 Mio. inhabitants) lives in the province of Barcelona. The Catalonia region consists of 946 urban,
semi-urban and rural municipalities.

The separate collection of biowaste started in 1996 in two municipalities, Torrelles de Llobregat and
Molins de Rei, covering a population of about 20,000 inhabitants. The experience gained in this project
helped to design and optimise the composting process and the separate collection scheme, and also
gave valuable information on the impact of impurities on the composting process and the quality of the
compost as product (Regions for Recycling, 2014). Today, generally large Catalan cities (>50,000
inhabitants) use BP collection, while municipalities with populations lower than 50,000 and larger than
5,000 (semi-urban) use either BP or DD collection. However, there are no significant differences in the
fee to pay for the citizens. PAYT system is applied in three municipalities of Catalonia with Argentona
(12,000 inhabitants) as the largest.

The region of Catalonia introduced a landfill tax in 2004 through the Catalan Law 16/2003 on financing
waste treatment infrastructure and waste management taxes. The initial rate of the tax was 10.00 €/Mg of
municipal waste. In 2008, the Catalan Law 8/2008 (modified in 2011) on financing infrastructure and
waste management taxes, kept the landfill tax of 10.00 €/Mg and established an incineration tax of 5.00
€/Mg. However, since 2010 municipalities that had not initiated biowaste collection, are charged with
raised taxes of 20.00 €/Mg for landfilling and 15.00 €/Mg for incineration. On 31 March 2017, the tax was
adjusted to 30.00 € /Mg for landfilling and 14.50 € / Mg for incineration. The disposal tax is established by
the Waste Management Fund (Fons de Gestié de Residus). At least 50% of the revenue generated by
the disposal tax has to be destined to biological treatment of biowaste and the mechanical-biological
treatment (MBT) of residual waste, aiming at reducing the biogenic content of the residual waste finally
going to landfill or incineration. The remaining revenue is refunded to the local authorities according to
their performance regarding separate collection of biowaste, which is incentivised by refunds that vary
depending on the quantity and the quality of the biowaste delivered to the biological treatment plants. The
biowaste quality in terms of purity and contamination rate, respectively, is assessed by periodical
composition analyses. There are other refund criteria, which are subject to annual revision by the
Municipal Waste Governing Board, and thus can act as steering instruments to promote separate
collection of particular waste streams, alternative methods of material recovery as, for instance, home
composting (Regions for Recycling, 2014).
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FIGURE 5: Map of the Catalonia region with the four provinces and positioning in Spain.
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FIGURE 6: Map of quantities of collected biowaste per capita (kg/capita*2015) in urban and semi-urban
municipalities (framed) of Catalonia.
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Bins for other waste fractions are provided as well (residual waste, waste paper, packaging waste and/or
waste glass). If a fraction is not included in the DD system of a municipality it is collected in BP
containers. Generally, the larger municipalities (based on population) have BP systems for all the waste
fractions (including biowaste), while smaller municipalities have DD-systems for all the waste fractions,
except for waste glass and garden waste which are collected with BPs.

Generally, in Catalonia “soft” GW is collected with FW, and WW is collected with a different system, either
as DD on demand or BP system. The largest municipalities have BP systems for all the waste fractions
(including biowaste), while the smallest ones have DD for all the waste fractions except for glass and
garden waste which are collected with BPs. The most important exception in Catalonia is the Osona
County. The municipality provides a system with both DD and BP in different parts of the area. Though,
only 4 fractions are collected because waste paper and packaging waste are collected together.

ProvincelofiLeida)

Biowaste Collectiontypes in Catalonia

by door-to-door systems in kg/capita & year
] 28-81

[ 81-120

Bl 120-195

by bring systems

[7] Street container

Municipality size

[ Rural (<5.000 inhabitants)

[ Semi-urban (>5.000 inhabitants)

[J Urban (>50.000 inhabitants)

Data source: ARC (2016), OpenStreetMap; Map design: J.Schermuly (2017)

FIGURE 7: Map of collected biowaste amounts (kg/capita*year) according to collection type (DD and
BP) of the different urban and semi-urban municipalities of Catalonia.

Source separated biowaste is either brought directly to biological treatment or to MBT (Figure 8). Most
facilities apply composting (e.g. Mancomunit at la Plana), but in few of them biowaste is anaerobically
digested (e.g. Consortium for Waste Management of Vallés Oriental (2017a, 2017b, 2017c)). For residual
waste, the predominant pathway in Catalan municipalities including the Barcelona province is landfilling
or incineration.
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FIGURE 8: Map of Disposal and treatment pathways of residual waste in the different urban and semi-
urban regions of Catalonia.

In Catalonia there are several supra-municipal public institutions that are the responsible of the waste
management of multiple municipalities, among others Mancomunitat la Plana and Consorci per a la
gesti6é dels Residus del Valles Oriental. They operate source separated biowaste collection, CAS and BP
as well as a material-recovery-facility for paper and packaging waste. The Consortium for Waste
Management of Vallés Oriental (2017c) operates an AD plant with post-composting for source-separated
biowaste and one material-recovery-facility residual and packaging waste. From the approx. 400,000
inhabitants in the county Vallés Oriental, they collected 20,530 Mg biowaste annually (equal to 51 kg per
capita and year) (Consortium for Waste Management of Vallés Oriental, 2017c). The biowaste is mainly
composed from FW and contains small items of GW such as grass cuttings. In Catalonia there are 25
biotreatment facilities, of which 21 include composting and 4 include AD plus post-composting facilities.
The capacity reaches from 300 Mg/a (Boadella composting plant in a decentralised scheme) up to 90.000
Mg/a (Barcelona AD plant in a centralised scheme). Furthermore, there are 43 facilities which treat
residual waste.
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4 Collection chains for decentralised applications

DECISIVE aims to provide a decision support tool (DST) to compare options for a more effective
utilisation of FW from households and catering and other anaerobically degradable biowaste fractions.
This involves multiple possibilities for the biowaste collection. In this chapter, the generation of local
biowaste and its possible collection pathways until mAD is analysed in order to enable evaluations for
local collection options. Though, the valorisation itself remains beyond the scope of this survey.

4.1 OVERVIEW CHAIN CLASSIFICATIONS

Figure 9 describes schematically the potential collection chain option from the different local biowaste
sources to mAD or, in broader context, to another on-site valorisation unit. A variation of any chain
element involves a direct causal link to other elements from the chain. The biowaste collection chain was
subdivided into three principal levels (Figure 9): 1 - Biowaste level (section 4.2), 2 - Biowaste generator
level (section 4.3), and 3 - Biowaste caretaker level (section 4.4). Level 4 (section 4.5) is the interface to
MAD and SSF, and only roughly introduced. The scheme in Figure 9 does not include all options and
could be completed within the progress of the DECISIVE project, if new ones emerge. For instance,
pneumatic underground systems for waste collection may be an additional option (exist already in some
places, e.g. Barcelona’s Olympic neighbourhood, but biowaste quality is the lowest in Catalonia). Thus,
the “bag” or “bucket” could be connected with the “pipeline” button, if the former collection system is
implemented and therefore reduce the process steps to the valorisation unit. In this scheme also options
for “reverse logistic”, for instance delivering food and taking back waste, are not considered yet. This
point becomes especially important when the interface to mAD is taken into account; the digestate has to
be used (after being treated) which leads to the necessity of transport processes. A similar scheme
considering this interface to digestates should be topic of a later stage in DECISIVE. Furthermore, the
scheme points out that connections to external valorisation sites eventually have to be considered, which
can also be elaborated in more detail in future works.
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4.2 BIOWASTE LEVEL: BIORESOURCE ORIGIN AND PROPERTIES

The “collection chain inputs” were distinguished regarding their origin, which is closely linked to the
property of assigned biowaste type. FWs from households and from catering units were marked in Figure
9, as chosen “core substrates”. All other locally available biogenic substrates which are anaerobically
degradable can be important for local collection and valorisation systems as well. In the following list,
examples for input origins are introduced. Private households, mass and commercial catering as well as
private and public green areas were identified as the four major sources of locally available biowaste.
However, other origins may be of supplementary importance for each different case (Figure 9).

e Private households produce FW as major biowaste type in kitchens. Household FW
includes food preparation waste (e.g. peels, green plant parts, pits), food consumption
waste (e.g. raw and processed food leftovers and overlie (e.g. old bread, expired food).
Especially in the last group a large avoidance potential has to be considered. Generally, the
“buying step”, taking place before the “collection chain” starts, is important for avoidance.

e The mass and catering sector covers e.g. canteens from hospitals, schools or universities.
Furthermore, restaurants and coffee shops are included. Here, FW is the main biowaste,
with the same subdivisions regarding avoidance as in the first group. “Food preparation” can
be considered as the most important avoidance step.

e Private green areas are commonly gardens which generate garden waste. If a mAD facility
is the destination, it is important to subdivide it into the hardly digestible and stiff “WWs” and
into the well digestible and soft “GWs” (section 1.4). Since commonly different vegetation
types are the source it appears to be possible to separate well and easy into WW and GW
fractions during gardening activities.

e Public green areas produce landscaping waste e.g. in municipal parks and gardens.
Furthermore, landscaping waste may be generated at roadsides, at dikes, at cemeteries or
other locations with vegetation growth. For the landscape management the same
subdivision into GW and WW waste as in the group before is necessary and seems to be
easily to realise during caretaking activities.

e Location-specific further substrates may be available. Examples are food residues from
the food processing sector, and FW from the retail sector (e.g. bakeries, shops, markets).
Larger kitchens (e.g. from restaurants and canteens) may use grease traps to remove
cooking oil and fats from wastewater streams. Grease trap residues have high energetic
values and are ideal as co-substrates for AD (Hertel et al. 2015). Furthermore, toilette
residues (e.g. concentrated blackwater from vacuum toilettes) can be considered, but would
lead to additional sanitary and contamination issues to consider. However, this will require
local- specific evaluations.

FW from households can be estimated by number of local citizens, GWs from private and public areas by
the size of the land. For all substrates from the group “other origins” unit-specific inventories have to be
carried out. Therefore, for estimations of mAD feedstock amounts capita-, area- and unit-related inventory
strategies have to be applied. The specific properties of the collected biowaste depend on the origin but
in connection with the specific situation. Especially impurities may be problematic for mAD:

e Household FW: In minor share e.g. flowers, animal litter, tissues, napkins, and kitchen
towels may be contained. They are anaerobically digestible. If causing problems, it usually
depends on the applied mAD unit. Some type of FW, such as bones or stones from fruits,
might also be important to exclude. Impurities to avoid are glass, plastic, metal fractions.

e Catering FW: Often paper waste is contained (e.g. tissue papers such as napkins, paper
towels). It was therefore included as a separate biowaste fraction (Figure 9).

e GW: GWSs can contain minor WW fractions (e.g. leaves attached to twigs), which are to
consider as impurity and ideally should not enter mAD respectively the collection chain. This
accounts also for non-biogenic impurities such as plastic bags, glass and stones.
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4.3 BIOWASTE GENERATOR LEVEL: FIRST STORAGE AND COLLECTION

The interface to the “biowaste generator level” is the collection device (Figure 9, blue markings). In the
following options for household FW are described exemplarily.

e With short-term storage (first storage):
o Bags are convenient to dispose, but cause expenses in purchasing. Options are e.g.:
= various colours (e.g. for different fractions)
different materials (e.g. from paper, biobased or conventional plastics)
different size (e.g. 5, 10, 15 L)
different biodegradability (not, aerobically, anaerobically biodegradable)
different provision (mixed own bags, bought specific bags, provided bags)
= placed in a bucket or not placed in a bucket
o Refillable buckets without bags need frequent washing, but expenses for bags would be
saved. The differentiation is mostly in size, but also shape (e.g. with or without lit). Also
“aerated bags” are possible (successful examples known from Italy and Catalonia).

e Without storage (the FW is fed directly to the next level):

o A kitchen waste shredder placed in the sink prepares the FW for transport to a pipeline
system (e.g. vacuum or water driven). Vacuum systems for decentralised waste
transports are already available in practice (e.g. in residential settlements, offices,
airports, big commercial kitchens; Jacoby 2017). In Odense, Denmark, some
households have installed kitchen waste shredders and households can apply for
installation.

The collection devices are usually located inside the building, commonly in the kitchen and require space.
They might need some supplements (e.g. water for cleaning buckets or operating the FW shredder).
Optimally, storage times should be short considering hygiene and valorisation intends. The biowaste
generator level ends, if the citizen delivers the FW or GW to the further pickup by a caretaker or directly to
the mAD unit.

4.4 BIOWASTE CARETAKER LEVEL: SECOND STORAGE, COLLECTION AND THIRD
STORAGE

4.4.1 Second storage

The second storage will commonly be located in or beside the housing complex or within the city quarter
(Figure 9, “externally located”). It is possible that FW and GW are mixed at this stage, if the mAD can
handle both types. Three principle storage options were identified for household FW:

¢ In the “generators” device (small): The citizen brings the bag or bucket outside for direct
pickup by the caretaker (DD collection); chips, badges or barcodes are possible devices for
identification of the generator in order to apply a PAYT system,

¢ In an additional “caretaker” device (large): The citizen disposes the bag or empties the
bucket into a bin or container (differentiated by size, supplied with PAYT devices for
identification), which is used by several citizens. It may be placed outside the building (DD-
collection) or at “quarter-centralised” BP, in reasonable distance to the household

e No second storage: The citizen brings the bag or the bucket directly to the mAD area.
Alternatively, the FW is transported automatically, e.g. if kitchen waste shredder is applied.

DD- or BP-containers can be placed underground with storage volume optimisation by implemented
waste presses. The principle is rarely applied for collection of street waste, e.g. in Hamburg. Furthermore,
innovative systems using transport pipelines could completely replace the necessity of containers,
however, maybe quite cost-intensive. Such systems may be easier to apply in newly built areas
compared to existing urban infrastructures. In some places, like Barcelona Olympic neighbourhood,
pneumatic underground systems are running. FW and GW from institutions, commerce and public areas
might either be included in the second storage system or directly linked to the on-site-facility level.
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4.4.2 Collection

For the design of the bring system to the on-site facility (Figure 9) several factors have to be considered.

e The distance between the collection points and the final destination as well as the amount of
FW and GW determines the vehicle type. Transfer stations have to be considered as well.

e The decision on collection type and frequency has an impact on decisions regarding
transport infrastructure. At very small locations the transportation infrastructure can be
economised by human-powered transport devices (e.g. trolleys, bikes or tricycles) or horse-
powered devices (not in Figure 9) as practiced in some places in Greece. At larger locations
conventional vehicles could be used (e.g. e- or fuel powered). In case of large locations or if
several locations are serviced together, specific waste trucks are needed.

e The collection frequency must be aligned to the demands of removal from the collection
points (e.g. daily, weekly, seasonal variations in amounts; surrounding temperatures, sensory
experiences such as foul smell, and infestations of vermin) and to the take-in at the mAD site
(e.g. available storage capacities; desired feeding frequency).

e Collection can be concentrated for multiple decentralised systems or decentralised for every
single decentralised system.

4.4.3 Third storage

The caretaker level ends when the waste arrives at the on-site facility (interface to level 4, Figure 9).
Depending on the system, the storage unit may be a tank for sludgy wastes or a container for bulky
wastes (e.g. “beaches” applied in Catalan biotreatment facilities: recommended max. height 3 m; max.
storage time 24 h). Optimally, storage at the site should be avoided thanks to well-organised collection
system and continuous mAD operation. However, the provision of a constant feedstock quantity of a
desired quality incorporates the need of storage possibilities. Temporary unavailability of the mAD may be
balanced by alternative management at off-site locations. The locally available biowaste quantities and
gualities influence the required storage capacities.

4.5 ON-SITE FACILITY LEVEL: BIOWASTE VALORISATION WITH PRE- AND POST-
TREATMENT

The interface between level 3 and 4 are the containers or tanks where the locally generated and collected
waste is disposed for further valorisation (Figure 9). The collected biowaste mixture determines the
physico-chemical properties of the mAD feedstock (dry matter, organic dry matter, C/N, biomethane
potential, impurity contents, bulk density; Fisgativa et al. 2016). The physico-chemical properties affect
the design of the mAD with regard to the fermentation type (dry, wet), retention time and feeding
frequency. The properties of the mixture can be estimated, if the properties and the amounts from the
single biowaste types listed in level 1 are known. A database will be provided (D 3.7, Figure 2).

Depending on the chosen mAD process a biowaste pre-treatment may be needed. This includes the
elimination of inert impurities (e.g. plastic bags, glass, woody fractions) by sorting devices or manually.
Although plastic bags are not suggested for DECISIVE-systems, they may occur. Further simple pre-
treatments for size reductions and homogenisation may be needed for an effective mAD. Devices to
destroy collection bags, reduce particle size and provide basic homogenisation are e.g. industrial kitchen
waste shredders or grinders. In most cases pre-treatment is supported by the addition of water, which
might also occur during the collection (i.e. washing of refillable buckets, kitchen shredder vacuum
system). The valorisation unit in DECISIVE is a mAD system. According to deliverable D4.1 (Figure 2) the
input amount is set between 50 Mg/a (minimum scenario) and 200 Mg/a (maximum scenario). The
capacity of the mAD defines the biowaste amounts to collect. The mAD feeding frequency (from
discontinuous weekly batches to daily and/or continuously feedings) defines the frequency of collection or
storage necessities. Limitations of space e.g. for sorting and storing capabilities increase the demand on
the collection system. Post-treatment might be needed for mAD digestates.
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5 Conclusions and outlook

The amenities of the transition to waste management schemes with decentralised elements are manifold
and reach from a more efficient biowaste valorisation, traffic savings in urban areas until a closer
connection of citizens to urban cycles and more. However, waste collection is an important element. It is
influenced by a multitude of ambient, social and technical factors (section 2). Moreover, the state-of-the-
art in the DECISIVE countries showed a huge diversity in actually applied waste collection systems
(section 3). If new collection systems are intended, the complexity even improves, since a multitude of
technical options exist (section 4). In conclusion for transition to decentralised systems, it cannot be
expected to find the one, optimal collection solution. It would rather be specific in each case for the
respective location.

For the design of decentralised systems, it is crucial to understand and document the different elements
of a collection chain. A collection chain for decentralised solution consists of 3 levels: biowaste level,
biowaste generator level, and biowaste caretaker level, whereas a multitude of specific pathways are
possible (section 4). The comprehensive structuration of the collection chain forms the basis for the
decision making in order to find location-specific best practice options. In this context, the collection chain
will be included in the DST, which will be developed within DECISIVE. A pre-condition is the definition of
the term “decentralisation”. So far, no common definition exists. In the DECISIVE-context, the size of the
MAD unit was set as frame with 50 to 200 Mg input per year (D4.1, Figure 2).

Different national legal frameworks, people’s individual lifestyles and other factors result in wide regional
differences in waste collection systems. Biowaste collection systems across Europe also vary between
countries, regions and municipalities. Also the types of locally present biowaste are manifold and range
from households, catering FW to GW from gardening and landscaping and many others. Also, if only FW
from household would be considered, the ranges are wide due to varying amounts, compositions and
local distributions. The literature review revealed a lack of common definitions and terminologies. The
term “biowaste” covers a wide range of wastes types from biogenic origin. Some types are more
important for transition to decentralised mAD systems than others, and some such as WW are not usable
at all. Therefore, clear definitions to biowaste fractions, but also to the elements of the collection chain are
needed and be included in the DST. In any way, adapted collection guidelines have to be prepared to
guide the citizens.

The focus of DECISIVE was laid at FWs from household and catering. The literature review revealed a
lack of data regarding the generated FW amounts. Only a few studies are available for the DECISIVE
countries. However, a large amount of avoidable FW occurs and has to be considered in planning’s,
especially taking into account the visionary EU avoidance goal of 50% of FW (section 2). Therefore, a
reliable inventory regarding the potentials of FW from households (capita-related), but also of GW from
private and public green areas (area-related) and other sources (unit-related) is a prerequisite to design
decentralised biowaste collection systems. The development of a unified inventory strategy is a
challenging task. Besides clear definitions, local spatial biowaste quantification is required. This task will
be approached in DECISIVEs GIS-related work package.

To extract the most critical national, regional and local factors from the presented aspects (section 2),
concerning the transition from the current system towards biowaste management with decentralised sites,
local stakeholders have to be involved. Therefore, expert interviews with practice stakeholders from
selected regions of the DECISIVE countries are ongoing, and will be presented in the upcoming
deliverable D3.7. Moreover, citizens will be involved also by interviews with results expected in the
upcoming deliverable D3.6.
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