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Executive Summary

Separating bio-waste and producing soil improvers is an important target of sustainable
resource policy in the European Union, aiming to reduce residual waste, increase soil
carbon content, and mitigate climate impacts. Therefore, collecting and processing bio-
waste can help local and regional policies to become more sustainable.

This guideline takes a product-focused perspective. How can a soil improver be produced
from separately collected bio-waste and green waste for marketing purposes? A
marketable product should be of consistently high quality. There should be enough
material to meet market demand depending on the season. This is a challenging task
because the product is based on waste from thousands of households and commercial
sources.

The recommendations presented here are based on an evaluation of the experiences of
many cities, with a particular focus on the work carried out in the three Living Labs involved
in the project. The Living Labs, i.e. Hamburg — Germany, Amsterdam — The Netherlands,
Egaleo - Greece, represent cities with high population density, which is a complicated task
especially with respect to the collection of bio-waste with a low level of impurities.

The guideline focuses mainly on the introduction and optimisation of bio-waste collection
from households, i.e. from the municipal perspective. However, it also considers the
perspective of processing facilities and suppliers of soil improvers. In any case, a
comprehensive understanding of the entire value chain is necessary to develop a
marketable product.

The introduction of “brown bins” in a city must be planned carefully to avoid failure and
frustration among citizens. It is recommended to install pilot projects and to inform the
public from the outset. Problems should be commmunicated, because many issues can only
be resolved by citizens themselves. Experience of separating other waste materials, such
as used paper or plastics, should be taken into account.

Kitchen and green waste must be processed in facilities that can separate unwanted
ingredients from the bio-waste, meet technical processing standards and produce mature
compost that can be sold to farmers, gardeners, private households or used to create
further products such as potting soil. Quality assurance and control measures are
necessary at certain points along the value chain.

According to the polluter-pays principle, charges for waste should be equivalent to the
environmental damage caused by the waste in question. Therefore, waste producers
should be charged, replacing taxes or flat rates, which do not take the type and amount of
waste into account. To motivate people to separate waste at source, it is meaningful to
introduce lower charges for bio-waste compared to residual waste.

The Living Labs tested various ideas aimed at optimising certain steps in the value chain.
The examples described at the end of these guidelines not only reflect different levels of
development in bio-waste collection, but also highlight quite different approaches to
solving problems.
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1. Bio-waste matters!

Bio-waste, i.e. food waste, kitchen waste', and green waste from gardens and parks,
accounts for 34% of all municipal waste, corresponding to approximately 86 million
tons [EEA 2020]. For this reason, recycling of bio-waste is of outstanding importance
to meet the EU recycling targets, i.e. 65% for municipal waste by 2035. According to
the EU Waste Framework Directive (WFD), the separate collection of bio-waste has
been mandatory since 2024. According to the EU Landfill Directive, the amount of
municipal waste sent to landfill must be reduced to 10% or less of the total amount
of municipal waste generated by 2035. Consequently, European cities are
introducing or enhancing the collection of bio-waste and its valorisation - i.e. the
production of compost, fertilising agents, and biogas, depending on the chosen
process. Transforming bio-waste into compost and other products is a valuable way
of protecting the environment:

e The disposal of biodegradable waste is the primary source of methane (CH4)
emissions from landfills. CH, is a potent greenhouse gas, with a warming
potential that is 25 times greater than that of carbon dioxide (CO,).

e Incineration of mixed municipal waste results in the loss of potentially soil
improvers and emissions of (non-fossil) CO..

e Soil improvers are urgently needed due to continuous humus loss in many
European regions, which leads to reduced soil fertility and an increased risk of
erosion.

According to the EEA [EEA 2020], the share of municipal waste composted and/or
digested was 17 % in 2018 compared to 11 % in 2004 - this must be considerably
improved!

Bio-waste is not only produced by households, but also by restaurants, hotels,
supermarkets and food industry (see Figure 1). The guidelines are dedicated to
municipalities; therefore, bio-waste from private origin is in the focus. As cities are
also often responsible for waste from small enterprises, information on the handling
of commercial bio-waste is added if necessary.

This guideline is intended to support municipal administrators, council members,
citizens' associations and environmentalists in optimising the collection and
processing of bio-waste. Unlike the usual approach of starting with waste, we take a
product-focused perspective first. The question is: how can a soil improver be
produced from separately collected bio-waste and green waste for marketing
purposes? Then, we look at the complete value chain and focus on intervention
points to improve the quantity and quality of the final products.

'In this guideling, the terms ‘green waste’ and ‘garden waste’ are used interchangeably,
whereas ‘bio-waste’ covers kitchen waste, food waste and green waste. Contents of 'bio
bins' are usually a mixture of these waste fractions.
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Food waste in the EU by main economic sectors, 2023
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Figure 1 Food waste statistics EU 2023 (Source: EUROSTAT 2025])

2.View of stakeholders on the products along
the value chain

The valorisation of bio-waste mostly takes place within a local or regional value chain
(see Figure 2). The clients are farmers, gardeners and producers of potting soil and
other materials. The main products - compost, digestate and biogas in the case of
anaerobic treatment - are based on residues from thousands of private households,
but also from public parks, restaurants and other commmercial sources. The value
chain is not very complex, but it is a challenging business with respect to quality and
continuous delivery of products to the market. On the other hand, there are
increasing opportunities for products from bio-waste, because the CAP (Common
Agricultural Policy) Strategic Plans 2023-2027 support partial replacements of
mineral fertilizers by organic fertilizers like compost.

10
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Figure 2 Value chain from bio-waste (BW) and green waste (GW) to products

(Graphics: WMW / Kellermayr, [Friege 2025b])

2.1 Characterization of the products

Compost: This is the solid product from aerobic processing of bio-waste. Compost is
rich in humus and plant nutrients, particularly nitrogen, but also phosphorus,
potassium and trace minerals, all of which are vital for soil microbiology. The ratio
between carbon and nitrogen (C/N ratio) is usually high (~20:1) and important for
application. Compost made from green waste has a higher nitrogen content than
soil improvers made from bio-waste. Compost provides a habitat for beneficial
organisms such as bacteria, protozoa and fungi. It is mainly used to improve the
physical, chemical and biological properties of soil, i.e. 'soil health'. Some of the
humus substances can be metabolised within a few months and taken up by plants.
The recalcitrant part of the humus serves as a repository for carbon, and this
'sequestration' of CO, can last for years, depending on various factors like
temperature, soil microbiology, crops harvested etc. European requirements for soil
improvers (“PFC 3(A)") can be found in Annex | and Annex Il of the EU Fertilising
Products Regulation 2019/1009 (FPR).

Digestate: This is a liquid residue from anaerobic treatment of bio-waste. In contrast
to compost, it can be characterized by its nutrient-rich composition, especially
nitrogen. The C/N ratio is lower (~10:1); furthermore, the majority of nitrogen
containing components is available to plants within short time. Digestate includes a
balanced mixture of macro and micronutrients essential for plant growth. Therefore,
digestate can be characterized as fertiliser. Requirements for digestate are also
defined in Annex | and Annex Il of the FPR (“CMC3", “CMC4"). The liquid residue can
also be circulated in the plant to (re-)inoculate the biochemical process. In this case,
the solid residue from anaerobic treatment should be post-composted to receive a
nutrient-rich soil improver.

Biogas: Anaerobic digestion of bio-waste yields biogas, which must be cleaned to
produce biomethane (i.e. the separation of CO,;, H>S and other contaminants,
followed by drying). While biomethane generally meets the requirements of the

11
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Renewable Energy Directive (RED Ill), sustainable production and use of energy
must be proven according to an Annex of RED Illl. Due to the substantial financial
support for biomethane energy in many Member States, anaerobic digestion has
developed rapidly over the past fifteen years.

Special chemicals: Depending on the predominant molecular structure, waste from
the food industry could be used to produce higher-value products. For instance, fruit
peels can be used to produce organic acids through extraction.

Wood chips: In case of green waste with a high proportion of branches or tree tops,
the sieve overflow can be used as solid fuel or even better sold as input material for
wood board production.

2.2 Farmers

Farmers expect enhanced soil health, improvement of water retention, less erosion,
and stable or better crop yields. The partial substitution of synthetic fertilizers — not
so much in case of compost, far more in case of digestate - saves money and makes
the use of these products attractive for farmers. Farmers usually need mature
compost, which has a high humus content. Under certain circumstances, e.g.
directly after harvesting, also “young” compost is accepted because the maturing
phase is shifted to the field. Soil improvers and growing media from “digestate
obtained through anaerobic digestion or compost obtained through aerobic
composting” are suitable for organic farming [COM 2022]. In order to receive the
guality mark, numerous criteria must be fulfilled (e.g. limit values for pathogens, toxic
metals, minimum concentration of organic matter). Farmers must ensure that the
soil improvers they apply do not cause any long-term problems. Therefore, they will
only accept products that meet all regulatory standards and do not contain visible
impurities, even if the materials are not restricted or the overall contamination limit
is met. Farmers and professional gardeners are familiar with the deficiencies of their
soils. Therefore, they will look for soil improvers that perfectly suit the needs of their
arable land with respect to carbon, nitrogen, humus structure and physical
properties content.

2.3 Plant operators

Private or public companies operate composting and fermentation facilities. They
require marketable products and suitable input materials. Their commitment to
producing high-quality compost and other products depends on their business
model. Do they primarily earn money with the gate fee for bio-waste, or is turnover
from products more important for their balance sheet? Some facility operators are
also involved in collecting bio- and green waste. These companies look for clean,
suitable input materials, as this decreases costs due to fewer separation steps at the
plant, while ensuring that the quality of the product meets their clients'
expectations. As outlined above, this is primarily a local or regional business. The
production of valuable fertilisers or other high-value products is possible for special

12
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waste fractions. Slurries from the food industry containing high levels of proteins,
hydrocarbons or fats can be processed anaerobically to produce biogas and
nitrogen-rich residue. Facilities specialising in the processing of animal by-products,
residues from slaughterhouses and other waste fractions (often category 3 material)
produce a variety of tallows and processed animal proteins. These are transformed
into dried pet food products, as well as generating energy from biogas, glycerin and
fuels. Of course, fertilisers are also produced. These are business cases for national or
even international markets.

2.4 Municipalities

The main interest of municipalities is to reduce waste and keep costs at their current
level, or even better, save money. Due to European legislation, cities and counties are
obliged to collect bio-waste separately. More details can be included in national
implementations of the European framework, e.g. in the Dutch Waste Management
Act, which regulates the provision of information to citizens, potential exceptions to
mandatory collection, etc. Again, the perspective along the value chain is important,

= in order to save money,

= to meet the needs of the arable land in the region.
Therefore, planning the bio-waste system without detailed negotiations with
partners in the value chain including farmers or other participants in the market for
soil improvers is meaningless. The municipality has many options for the collection
with respect to the placement of bins or containers, the charging system, the
collection schedule, areas to be excluded from the collection routes, and the
inclusion of commercial waste producers. If several cities collaborate, they can set up
a composting company and operate the processing facilities themselves. Cities
should consider their involvement in bio-waste management as part of their
sustainability strategy, particularly with regard to reducing food waste, protecting
soil, and educating people about living in an ecologically sound way.

2.5 Citizen groups

Citizens who are interested in composting can start self-composting alone or with
several other families. The product from the composting heaps is usually used in
one's own garden or on community grounds (see sections 4.1 and 5.4). Such activities
are often supported by the municipality as they can save costs. Furthermore,
engaged citizens can act as 'ambassadors' for the proper management of biomass
and the reduction of food waste. It should be noted that home or community
composting is not a solution for the entire municipality, but rather an additional
element.

13
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2.6 Holistic approach

The value chain is the economic aspect of the story that must be carefully planned if
a business is to be successful. The same is true of the ecological side of this story,
which consists of many interconnected processes. It is often not possible to optimise
each step individually without impacting the others.
Therefore, it is necessary to check all steps of the entire process, particularly with
regard to
- energy consumption,
- emission of greenhouse gases and potentially hazardous compounds,
- flows of the desired ingredients (e.g. carbon, nitrogen and phosphorous).
The planning process should include a Life Cycle Inventory (LCI) based on the
ingredients of the bio-waste to be collected, as well as a model of the composting
process to assess the fate of the input material (see e.g. the next box. This allows
potential loopholes to be detected and losses of valuable material to be avoided.
Taking a combined view of the economic and the ecological aspects and using an
iterative planning process is a presupposition for a successful business. The targets
can be determined by checking the market for products and gathering adequate
information on the availability of bio-waste with a suitable quality. The business
model also depends on the availability of aerobic and/or anaerobic processing
facilities, but there are no significant differences in technical standards or emission
threshold values between European regions. From the perspective of a fictional city
of 500,000 inhabitants, the hierarchy of targets could be as follows:

= Reduction of the amount of residual waste by 20%.

= Separate collection of 25,000 tonnes of bio-waste.

= Reduction of overall waste management costs.
In cooperation with other municipalities, farmers and technical process solution
providers, the city may reach some conclusions regarding the strategy.

From targets to planning to reality: Life Cycle Analysis for a composting
facility in Crete

Greece is transitioning from the mechanical biological treatment of mixed
municipal waste to the separate collection of fractions, particularly bio-waste,
with the aim of producing soil improvers. MBT's "compost-like output" is only
suitable for the restoration of quarries, covering dump sites, or road slopes. This
is because its high plastic and glass particle content as well as hygienic problems
make it unsuitable for agricultural soil [Malamis et al. 2017]. The transition from
the MBT-based system to waste management including separate collection of
bio-waste was investigated for the City of Chania (Crete) [Chatzirakis et al. 2023]
resulting in the following flow diagrams. Assuming that about three quarters of
the bio-waste fraction is collected separately from households, 77 kg of compost
would be produced in the alternative scenarios. The life cycle inventory and the
consecutive impact analysis revealed high improvements for human health,
ecosystem quality and resource recovery.

14
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Figure 3 Schematic comparison of the mass flows of household waste before and after the

introduction of a bio bin

(Source: Chatzirakis et al. 2023)

3.Planning and piloting

No successful business without careful planning! It is strongly advised to consider
the local or regional context at every stage of the value chain, and to begin with pilot
projects, regardless of the chosen business model. When optimising a process, it is
normal practice to trial a new sieve or shredder before integrating it into the facility.
Similarly, changes to the collection process should be tested in pilot areas.

3.1

Defining the targets

Example: From the perspective of a fictional city of 500,000 inhabitants who
produce 150,000 tonnes of residual waste, the hierarchy of targets could be as

follows:

Reduction of the amount of residual waste by 20%.
Separate collection of 30,000 tonnes of bio-waste.

= Production of approximately 10,000 tonnes of soil improvers and 2,000 tonnes
of digestate for the regional market as well as biogas, which can be used in a
combined heat and power (CHP) facility.

15
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Given the current rate of bio-waste collection, it is clear that more bio-waste can be
collected than planned. It would be sensible to start with a type of waste that can be
collected relatively easily, such as green waste from parks and bio-waste from
detached and semi-detached houses and from restaurants. If there is a local food
industry with unique by-products, opportunities for added value from isolated
chemical substances should evaluated.

Although this guideline focuses on recycling bio-waste, preventing food waste is also
important! Suitable programmes for reducing food waste should be incorporated
into the planning process.

3.2 Costs and revenues

The basis for the costs of collecting and processing bio-waste can be partially
assessed using data on residual waste. This includes personnel costs for logistics and
administration, tenders for the facility in question, and experience from similar
plants. To plan revenues, it isimportant to take the actual waste charges as a baseline
and to learn about the development of market prices for products like soil improvers.
The city's budget office should provide detailed account data (cost allocation sheets
—see e.g. [INFA et al, 2020]) and work as a controller during the planning phase. Most
important information from the waste management department: How much
residual waste is currently being collected? What is its composition? Does it vary
considerably among the city quarters? How will the amount change in the coming
years?

It should be clear that collecting and processing bio-waste does not necessarily save
money from the outset, but only if a well-designed business model is in place. This is
particularly important given that political support is necessary for the introduction
or enhancement of municipal collection services. In some European countries,
landfill fees have been introduced to help meet European waste management
targets, i.e. to minimise the amount of degradable waste sent to landfill and increase
recycling rates (see section 1). Such fees are usually implemented by national
governments. Income from these fees should be transferred to municipalities to
support the valorisation of bio-waste and green waste and to encourage forward-
looking waste management. This fund could finance the capital expenditure on bio-
waste collection vans or the construction of suitable processing devices, for example.
If there is no charging system in place, but rather a flat fee or tax for waste
management per household (i.e. the waste management costs are financed from
general revenues), it is recommended that a charging system be introduced prior to
the introduction of bio bins. There are two simple reasons for this: Firstly, it is difficult
to run both processes in parallel and make them transparent to citizens.
Furthermore, differentiated charges should be implemented to encourage waste
separation in general, not just for bio-waste. More information can be found in
sections 3.5 and 4.6.
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From tax to charge

Numerous systems are used in Europe for financing waste management. They can
be classified by four categories (simplified following [Lussenhoop et al]. The
examples were taken from a survey, which was executed as part of the Bin2Bean
project [Friege & Hentschel, 2026]:

“Flat": A flat fee is based on the characteristics of a dwelling (e.g. per household,
according to the number of residents, the property's size, or its value). All citizens
pay the same relative amount of fees or taxes, regardless of the actual amount of
waste generated.

Amsterdam (The Netherlands): Charge for waste (including all waste fractions)
depending on the number of persons in the household (one person / two or more
persons)

“Flexible”: Users have one choice regarding the waste charge they pay, usually by
selecting a container size, which is charged at a different rate (larger containers
cost more than smaller ones). A minimum container size relative to household size
may be stipulated.

Riga (Latvia): Charge for residual waste depending on the size for the container /
charge for bio-waste depending on the size of the container (cheaper than for
residual waste) /

“Flexible plus”: Users have more than one option for paying the waste charge,
usually by selecting a container size and collection frequency. A minimum
container size or collection frequency relative to household size may be stipulated.
Vienna (Austria): Charge for residual waste depending on the size of the container
/ No charge for bio-waste / Penalties in case of severe contaminations

“PAYT": Users are charged for each kilogram of waste collected, or for each waste
bin collection. Collections are counted via sensors in the bins, or via stickers or
bags, which households must purchase in advance. A minimum number of
collections may be stipulated.

Parma (ltaly): Basic charge for all households depending on the size of the
property / Charge for residual waste depending on the collection frequency / No
charge for bio-waste / Additional financial incentive: 12% off of residual waste fee in
case of bio-waste separation at source.
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3.3 Developing the collection system

The collection system should be tested very carefully to determine the optimal
combination of bins and/or containers and tipping schedules, taking into account
not only costs, but also the importance of motivating waste producers to pre-
separate bio-waste and transport it to the bin (see section 3.5). The system must be
convenient! It is recommended that the system is initially piloted in two or three
areas with different population densities, including wealthy and poor housing areas,
to learn about:

= the composition of the bio-waste (i.e. the percentage of kitchen and green
waste);

= the amount and type of impurities;

= technical problems with pre-separation, e.g. transporting bio-waste from
households to bins

If the municipality is obliged to collect waste from commercial sources, a pilot phase
should be introduced for restaurants, food markets, hotels, and food industry,
involving a limited number of users. According to certain national implementations
of Regulation 1069/2009 EC on animal by-products (ABPs) food waste from these
sources might be collected separately from bio-waste from private households due
to classification as 'category 3' material. Category 3 waste must undergo shredding
and thermal treatment (70°C for 60 minutes) to destroy any pathogenic organisms
before it can be used as animal feed or fertiliser. This process could be incorporated
into the planned facility. An alternative to consider is the construction of a special
plant in collaboration with other cities and/or waste management companies.

After the evaluation of the pilot areas, it is possible to answer three most important
guestions:

= Which quarters are suitable for the initial separate collection of bio-waste?

= |In which housing areas should the introduction of bio bins be postponed to
avoid impurities in the process?

= How should a programme for communication and awareness raising be
installed?

For a detailed description of potential collection systems, please refer to Section 4.

3.4 Experiences from other waste fractions

Although separating bio-waste poses a particular challenge, the waste
management system must be considered holistically. Therefore, it is useful to bear
in mind the experience of collecting other types of waste separately, such as used
paper, cardboard, plastic packaging, or glass bottles. What about experience with
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these systems? What is the quality of the waste fractions? Which communication
channels were successful for dialogue with waste producers, i.e. private households
and commercial sources? How did financial incentives affect the quantity and
quality of these types of waste?

3.5 Motivation of waste producers

In waste management, we need the cooperation of waste producers to pre-sort
waste. Thus, we are asking citizens, who pay for waste disposal, to perform extra
work. Obviously, it is necessary to motivate them. In order to achieve this desired
behaviour, it must be clear which divers influence people's behaviour when it comes
to sorting their waste. (See also the handbook “From bio-waste to soil”, p. 26 [Soudon
et al. 2024]). According to the “theory of planned behaviour” [Ajzen 1991] motivation
and ability are key predictors of behaviour in a specific situation. According to this
theory, several motivational factors, i.e. subjective norms and the person’s attitude
towards the behaviour lead to a certain intention. There are numerous applications
of this theory in waste management (see e.g. [Botetzagias et al. 2015]. This guideline
uses an extended version of this approach (see Figure 4), which has been found to
be feasible for waste management [Stoeva & Alriksson 2017].2
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Figure 4 Extended model of the Theory of Planned Behaviour for waste sorting

2 More information on communication issues is available in the following Bin2Bean
publication: “Collection of Bio-waste — Guideline for Communication and Awareness Raising”,
https://www.bin2bean.eu/sdm_downloads/spg-22-collection-of-organic-waste-guidelines-

for-communication-and-awareness-raising/ . The text in this section is partially taken from
this publication.
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Based on this framework, the results of empirical research and, last but not least,
practical experience, the following activities and communication measures are
recommended:

1. Raising awareness: Commmunication should focus on sustainability and make
it clear that there is a strong link between bio-waste and soil. Therefore,
information for citizens should cover bio-waste, compost, and soil health,
explaining why bio-waste must be collected separately.

2. Convenience: Bins or containers must be easily accessible, well-maintained,
and fairly clean. They should have consistent colours. Bio-waste is mostly
collected in brown or green bins. The colour, which was chosen for the bins,
should not change over time to avoid misinterpretation. Especially for public
containers (which are often not coloured!), clear labels with symbols and/or
text must indicate the type of waste intended for disposal. Most people do not
like to transport their bio-waste bags or boxes over a longer distance than to
the kerbside. Thus, it is important to install the bins or containers nearby.

3. Supporting intrinsic motivation: People who are convinced of the need for a
healthy environment will, due to their intrinsic motivation, be more willing to
pre-sort waste than those who do not take environmental threats seriously.
This general motivation can be used and strengthened in order to support
waste sorting activities. Already motivated fellow-citizens are open for more
and detailed information. This is particularly important when contamination
of separately collected bio-waste should be decreased. People with an
ecological motivation need to feel supported in their waste activities but not
patronised. They will be open for friendly and informative campaigns.

4. Social motivation: Humans are social beings and usually follow what the
majority believes is right. Therefore, it is helpful to foster social expectation and
pressure in favour of bio-waste collection® The sorting performance of
households, particularly with regard to quality, is most effectively monitored
in small communities, i.e. in houses where a few families share bins for
different waste fractions, as people perceive their neighbours to be
monitoring their behaviour. This effect is less pronounced in more anonymous
housing situations. The visibility of the action among neighbours and fellow
citizens is important because it temporarily disrupts the 'normal' anonymity
associated with using communal waste containers. The same idea lies behind
the use of 'red tags' to mark severely contaminated bins: Misconduct is visible
to the public. Social motivation can also be increased when local politicians
and well-known citizens set a good example by demonstrating proper waste
separation practices.

3 BIOBEST report: “Human actions are indeed largely influenced by our perceptions of the
popularity of certain behaviours, increasing the likelihood of individual engagement if others
also participate or if societal expectations endorse the behaviour.” [Jourdan & Favoino 2024]
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5. Extrinsic motivation: Extrinsic motivation begins with the regulatory
framework, for example the publication of a local ordinance for separate
waste collection, followed by highly visible information and incentives. In
many cities, the charging system is designed to encourage separate waste
collection; for example, lower fees are charged for bio-waste than for residual
waste. Consequently, severe violations of local waste management statutes
(e.g. placing residual waste or plastics in a bio bin) can result in a fine.*

Many German cities have extensive experience in motivating citizens for separation
of bio-waste at source. [Becker et al. 2025] evaluated these experiences in an in-
depth study. Their most important findings are summarised in Figure 5. Although it
is not feasible to transfer the approach directly from German cities to municipalities
in other parts of Europe, the study provides valuable insights and can help to develop
ideas for the project in question and to prevent unnecessary efforts.

4 More information on the introduction of differentiated waste charges and their impacts to
the amount and quality of bio-waste are presented in D6.1
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Measure Impacton Impact on T
Measure . p . . P . Effort/costs Building structure
category biowaste quantity | biowaste quality
Special container types 0to +1 0 €€ ﬁ
Sufflc!entw.:lume, customised 0to +1 0to+1 € ﬁ
container sizes
Collection system . .
Shcrtenlngtr)e emptying +1t0 +2 0 €€ to €EE
Interval for biowaste
Shorter emptying interval for
Biowaste than for residual +1to+3 0 €to €€€ ﬁ
waste
Mandatory connection and use
X + + -
requirement 2to+3 2to 0 € ﬁ‘
Requirements for home
X + +
composting 1to +2 0 € ﬁ
Statutory regulations

Comprehensive catalogue of +1 0 €
waste types
Mln.lmum container volume for 0 +1 e
residual waste
Labelling of organic waste bins 0to +1 +1 € ﬁ
Site design 0to+1 0to+1 €to €€ {ﬂ\;\

Support Pre-sorting bins 0to +1 0to+1 €€ ,ﬁ
Authorised collection bags

+ + +
(usually paper bags) 1 1to+2 €to€e /ﬁs
Cleaning of organic waste bins 0to +1 0 €€E ﬂ
Feei ive i i
eemcgntlve or the organic 0to+2 1to0 €
waste bin
Fee structure

Pasf as you throw (PAYT) for +1t0 +3 3t00 €10 EEE
residual waste
Controls with feedback 0 +1to +2 €€ to €€E ﬁ

Controls

Controls with sanctions -1to0 +2to +3 €€to €€€ ﬁ H ﬂ

Print media 0to+2 0to+2 €to €€€ ﬁ H ﬂ

Digital information 0to+2 0to+2 € /ﬁ- n ﬂ
Outdoor media Oto+2 Oto+2 €€ to €€€ ﬁ H ﬂ
Personal approach 0to+2 +1to +2 €to€EE ,ﬁ. E E

Events 0to +1 0to+1 €€ to €EE ﬁ H ﬁ
Activities for schools and
daycare centres +1to +2 +1to+2 €to €€E ﬁ H ﬂ

Public relations work

Involvement of the housing industry +1to+2 +1 €to €€

Figure 5 How to improve the quantity and quality of separately collected bio-waste (Source: [Becker
et al. 2025])
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3.6 Monitoring quality and safety along the value
chain

Soil improvers are characterised by a number of measurable properties, such as the
content of organic carbon, nitrogen, phosphorus and potassium, the C/N ratio, the
concentration of various trace elements and the absence of pathogens. They are also
characterised by their colour and smell. Visible impurities, such as plastic or glass
particles, is not tolerated by clients. As outlined above, the product must meet more
than just the legal requirements. It must also be fit for the purpose of local farmers
or industrial processes, e.g. for potting soil. There are several intervention points
along the value chain to check the quality of each step:

- Bio-waste during collection, i.e. in bins or containers.

- Delivery of bio-waste at the processing facility

- Waste flow after pre-sorting

- Fresh compost before maturing

- Matured compost (soil improver)

- Eventually a validation test on site, i.e. field, greenhouse, etc.

Brand new: Checking bio-waste
with Al

A German public waste
management association recently
introduced a process that records
the delivery of bio-waste at its
composting facility and the waste
transfer station immediately after it
is tipped out of the collection
vehicle. Based on a
recommendation by the German
Association for Compost Quality
(BGK), the surface of the bio-waste
is scanned with a camera and then
the amount of impurities is
estimated with the help of Al
software. The Al is constantly being
trained on the basis of empirical
values. In 2026, the test system wiill
be evaluated to see whether it is
reliable enough to replace the
laborious counting of impurities.

Source: A. Neubauer & Y. Krause:
Kunstliche Intelligenz im Einsatz,
VKU Information 114 (2025), Berlin
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Unlike many other products on the agricultural market, producers of soil improvers
have an established customer base. Soil improvers are often sold directly after
maturing within an area of no more than 50 km of the facility due to transport costs
and the inability to significantly alter the product's characteristics because it
depends on a few input flows from the region. Municipalities, treatment plant
operators and farmers often work together for many years. In case of further
industrial processing of digestate or compost, there can be a need for long-distance
transport. The industrial stakeholder has a far greater choice of potential input
material on the market.

In any case, compliance with hygiene regulations is an essential part of quality
assurance in the bio-waste value chain. Careful handling of bio-waste during
collection and as a substrate for further treatment is also a matter of occupational
health and safety. National regulations must be observed because the EU only sets
a general framework, i.e. Art. 153 of the Treaty on the Functioning of the European
Union, which requires employers to ensure worker safety by conducting risk
assessments, implementing preventive measures, and providing training.
Furthermore. The OSH Framework Directive (89/391/EEC) establishes some
minimum safety standards across all member states.

Sampling and analysis of bio-waste, compost etc. are described in established
standards like CEN/TR 15310, EN 14899, and the EU FPR. They target the production
of hygienic, mature, and nutrient-rich end-products with minimal environmental
impact.

Systematic quality control should be applied throughout the entire bio-waste value
chain. The guidelines “Quality Management in biowaste processes” emphasize
representative sampling, traceability, systematic testing, and continuous
improvement as key components of quality and safety management. Samples of
bio-waste, compost, and digestate are collected at defined control points in
accordance with standards such as EN 14899 and CEN/TR 15310, ensuring that they
accurately represent the material and remain uncontaminated. Each sample must
be clearly labelled with batch number, date, and origin to ensure traceability in the
event of deviations or quality issues. Laboratory analyses should cover parameters
such as nutrient content, stability, heavy metals, and pathogens. The results must be
documented consistently and shared among relevant stakeholders, including plant
operators, municipalities, and farmers. A quality monitoring plan promotes
transparency, builds trust between waste producers and end users, and ensures
compliance with both EU and national standards. Integrating systematic
inspections throughout the value chain strengthens environmental safety and
enhances the acceptance of bio-based soil improvers in the market.
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4.Collection

The optimal collection system for bio-waste must be created at a local level, as there
is no general recommendation for a specific system. The following factors should be
considered when making decisions:
= the targets, especially the type and quality of the product (see section 3.1)
= experience with other separately collected waste fractions (see section 3.4),
= population density,
= gspatial conditions for installing bins and containers (private ground, kerbside,
underground...),
= the cultural background of the inhabitants, e.g. their traditional relation with
hygiene and waste,
= collection costs per ton or per inhabitant also taking quality of the waste into
account.
The collection methods presented in sections 4.1-4.5 follow a 'merit order, i.e. based
on experience about efforts to ensure the quality of the input material.

41 Community and home composting

Community composting brings together people who share a common enthusiasm
for ecological and social issues. Municipalities can support this by providing open
spaces for composting devices and areas for soil improver usage (e.g. parks), as well
as facilitating the exchange of information about the most effective composting
methods. The quality of the input material is usually high because the participants
are self-motivated and can seek advice if they encounter any problems. While this
approach is cheap for the municipality, the percentage of bio-waste collected and
the space where the soil improver can be applied will be rather small.

Community composting: Example from Amsterdam

Composting tumblers
in a community
garden in Amsterdam

(Source: H. Friege)
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Amsterdam is home of a local association of urban communities practising
composting. Citizens normally bring selected bio-waste (excluding animal
products, citrus fruits, potatoes and bread) in paper bags that are provided by the
association. Trained participants are responsible for turning the tumblers that
contain the food waste from households, aiming at a good mixture and
temperature of the scrap. Turning the tumblers is also necessary to get more air
through the ventilation holes. “Brown material”, i.e. small branches, is added to
absorb liquids and to prevent anaerobic zones. Volunteers monitor the process
twice per week to ensure assured that the compost has been up to atemperature
of 55- 65°C. Bio-waste is composted in the tumblers for 3 to 5 weeks and then
transferred to the bin for ripening (some months). The compost is analysed from
time to time. The quality meets the requirements of the Dutch waste
management law.

Home (or family) composting is similar to the quoted approach. This is more widely
used in many municipalities, but it is not a solution for the majority of bio-waste and
can also suffer from a lack of space in which to apply the compost, leading to
overfertilisation. (For technical details see section 5.4.)

4.2 Recycling yards and collection sites for garden
waste

Most bio-waste dropped at recycling yards is of a high quality. Unlike community
composting, which is based mainly on kitchen waste, the input material consists
mainly of green waste, such as grass clippings, leaves and small and large branches.
Recycling yards offer a convenient alternative for gardeners who either do not want
to compost their waste or do not have enough space to do so. As these facilities
accept all types of recyclable materials, they are frequently visited by citizens.
Although it is a bring system, the personal costs are not negligible, as at least one
worker is required to operate a recycling yard. Automatic drop-off stations for
recyclable waste are under development. To enter a facility of this type, the waste
producer must prove their identity (e.g. by scanning their personal identity card) and
also provide the licence plate number to avoid misuse and vandalism.

Some cities have also had good experiences with collection points for green waste,
which are located in neighbourhoods with sufficient space in public areas and in
areas with committed neighbourhoods. Citizens save the trip to the recycling centre,
and the waste management company only has to collect the green waste.
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Figure 6 Test of a drop-off point for garden waste in ljburg (Source: City of Amsterdam)

(Source: https//halloijburg.nl/project/8537/heeft-u-een-tuin--en-heeft-u-behoefte-aan-tuinkorf-in-
uw-buurt-?participate=true)

4.3 Pick up on site

In some cases, the trash collector rings to pick up the waste. This is the usual method
for collecting food waste from restaurants for hygienic reasons. The bins are filled
and locked, then taken away and transported to a facility where the bins are opened,
emptied and cleaned. This is strictly in line with the ABP regulations. As only a few
people fill the kitchen bins, the quality is satisfactory, provided there is some
pretreatment of interfering materials such as porcelain or glass. Services of this type
are offered by private companies rather than the municipality.

In some cities, commmercial waste producers and private households can order a
collection service for bio-waste from companies that offer door-to-door collection by
cargo bike. The collectors receive high-quality material that can be delivered to
regional processing facilities. Municipalities can decide whether to cooperate with
such companies when introducing a comprehensive collection system.

Example from Haute-Savoie (France): Collecting bio-waste by bike

A regional environmental association in the French Department of Haute Savoie
collects bio-waste by bike, i.e cargo bikes with a capacity of 250 kg. Bio-waste from
restaurants, hotels, and local businesses in some small cities in the mountain area
are collected and transported to a regional processing plant. Similar enterprises
can be found also in other parts of France and in the Netherlands.
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Déchets de métiers Collecte a vélo Fabrication de biogaz et
de bouche de fertilisants-digestats

=2 — |000

En porte a porte chez Capacité de la Méthaniseur
les restaurants/hétels remorque : 250 Kg (Féternes-Vinzier)
Compostage (a définir)

Source: Homepage of BioCyclette

4.4 Collection with bins, bags and nets

The overwhelming part of separated bio-waste is collected by trucks and
transported to central processing units or waste transfer stations. For the citizens,
the 'brown bin' with a volume between 60 and 250 litres is the most common
container for storing bio-waste until collection. It normally has two wheels and can
be easily transported to the garbage truck, even when it is heavy due to wet waste,
grass clippings, etc. The tipping frequency depends on the local climate. High
temperatures and humid air accelerate biochemical processes, while a lack of air
favours anaerobic decomposition, which leads to an unpleasant smell. Bins should
never be left open outside as this attracts rats and other animals. Therefore, it is
recommended that brown bins have small openings to allow air circulation.
Moreover, special lids filled with absorbers are available on the market (see box
below) to prevent unpleasant odours.

A bio bin is not a simple trash
can...

State-of-the-art bio bins should
allow increased air circulation in the
bin. This is ensured by small aeration
openings at the top and in the body.
The “rain roof” (above) protects
against rain entering the bin. The lid
can be equipped with a biofilter
(below), which avoids smell at the
outside. Due to the high specific
Source: SSI Schafer “Configure your weight of bio-waste, a reinforced

waste bin” bottom part might be necessary.
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In any case, the collection rhythm must be adapted to the local situation. The quality
of the bio-waste collected in these bins depends partly on the number of households
using them. As a rule of thumb: The amount of residual waste, plastic bags, etc.
increases with the number of households which use the bin. The owner or owners of
a bin can be identified when transponders bearing the users' names and addresses
are installed. This is only meaningful in the case of detached or semi-detached
houses. Some cities provide small buckets or bags —one for each household - instead
to avoid this 'anonymity problem’, but this incurs high logistical costs and may also
be critical from a hygiene perspective.

In autumn, when citizens collect leaves from their grounds and the streets, nets or
large paper bags can be provided. These are only useful for green waste, of course.

4.5 Collection with containers

In densely populated areas or streets with very small houses it is difficult to place the
usual brown bins on private grounds or at the kerbside. Therefore, in many cities
containerswith a volume of 700-1100 | are placed on the street corners where citizens
from the neighbourhood, but also by-passers dispose their waste. In modern
housing areas with many apartments, underground containers with a volume of 2
to 5 m3 have been introduced (see section 6.3). This is a good solution for residual
waste but bears quality problems in case of separately collected bio-waste. This is
not only due to anonymity, but also caused

e Dby the lack of suitable respectables to store food waste in the kitchen,

¢ |ong distances for the transport of food waste to the container,

e due toincomplete information,

e lack of understanding in case of migrants due to insufficient knowledge of the

local language or deviating traditions in dealing with waste.

According to section 3.5, there is a number of potential interventions available to
make pre-sorting convenient and cheaper for the residents: The city administration
must test which measures provide success with regard to better quality of the bio-
waste. Special programmes for citizens living in high-rise buildings were developed
in the Netherlands [Langeveld et al. 2020]
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Figure 7 Bio-waste collection vehicle equipped with water jets (arrow) for cleaning the bins (Source:
City of Egaleo)

4.6 |dentification of polluters

As previously mentioned, quality is paramount! If bio-waste collected separately
contains residual waste, this causes ecological and economic problems. Heavily
spoiled bio-waste can only be incinerated. While some of the energy in the molecular
structures can be converted into grid power and/or district heating, carbon is lost as
CO; instead of being used as a soil improver. Additional costs arise from transporting
spoiled bins, losing revenue from compost, and paying higher fees for incineration
than for composting or fermentation. Those who do not separate their waste
correctly or misuse the bio bin to save on residual waste collection costs create a
financial problem for the municipality and their fellow citizens, as the costs of the
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entire waste recycling and disposal service must be covered by users of the service.
Many cities withdraw bio-waste bins from households that do not separate their
waste properly over some weeks and, if necessary, require the use of additional
residual waste bins. This leads to additional costs for the respective waste producers,
if a differentiated charging system is in place. Moreover, municipalities can introduce
fines for incorrectly filling bio-waste containers. First, however, it is necessary to
identify the polluters. How can this be achieved?

It is necessary to monitor areas where the quality of bio-waste does not meet the
standard required by the processing facility. Monitoring can be carried out directly
before or during collection. Different control procedures are used depending on the
goal and the availability of experienced personnel or technical tools.

- Goal: Identify the polluter. Employees of the waste management company
(either trash collectors or a special monitoring team) open the lids and assess
the level of contamination. They leave tags on the bins to make the quality
visible to everyone: 'green' = good, 'yellow' = improvement required, 'red' = bin
cannot be emptied due to contamination. Owners of bins with red tags must
pay for the additional effort involved in loading the waste into the residual
waste truck. This traffic light system is used in many cities to improve the
quality of bio-waste. Financial incentives aside, the fear of being observed by
others is a powerful driver for better pre-sorting. One problem is that there
might be residual waste below the surface. According to many practitioners,
most contaminated bins can be identified using this simple method.

- Goal: Identify a contaminated container before tipping. Garbage trucks are
equipped with metal detection systems. A high metal content is an indicator
of bio-waste contamination by residual waste. The procedure for informing
and charging the owners is described above. However, this method can lead
to false negatives (e.g. impurities without metals) and false positives (e.qg.
pruning shears lost in green waste). Advanced systems use infrared (IR)
cameras and artificial intelligence (Al)-powered detection systems, which
scan the surface of the waste in the container before tipping. Problem:
Residual waste at the bottom.

- Goal: ldentify a contaminated bin or container during tipping. Garbage trucks
are equipped with infrared (IR) cameras and artificial intelligence (Al)-
powered detection systems, in the tipping area. Problems: If the scan is done
during tipping, impurities from this bin cannot be removed from the load.

Fortunately, rigorous tests of all three technical systems in practice proved them to
be effective in identifying foreign substances in bio-waste [Santjer & Eng, 2023].
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Milan: Control and fines yielding suitable quality

The citizens of Milan are among the best in Europe at separating waste at source.
The annual collection rate for bio-waste is approximately 100 kg per person. 'Brown
bins' in residential areas are emptied twice per week, while restaurants and other
commercial establishments participate in daily collection. In addition to intensive
communication and convenient collection systems (free kitchen caddies, bio-
plastic bags), there is a rigorous control system in place to ensure a high rate of
collected bio-waste of suitable quality. The responsible waste management
company employs 30 waste inspectors who assess the quality of separated waste
fractions. If the separated materials do not meet the required quality standards, or
if a high amount of bio-waste is found in residual waste, fines ranging from €200
to €1200 are issued to the container holder. Around 40,000 fines are issued each
year. The impurity rate could be decreased to 5%. [Jourdan & Favoino 2024]

120 It

4.7 Alternatives for collection of food waste

Due to the enormous difficulty of obtaining bio-waste of a suitable quality from high-
rise buildings with hundreds of apartments (see section 4.5), some approaches focus
on transporting food waste directly from flats into the basement, thereby providing
a good quality of separated bio-waste and focusing on convenience for the residents.
Shafts for dropping solid residues are not suitable for hygiene reasons. Pneumatic
vacuum systems for transporting bags of pre-sorted waste are installed in some
Scandinavian cities as well as in densely populated cities like Singapur, Dubai, or
Kuala-Lumpur®. However, the quality of the bio-waste can only be checked once the
bags have been opened for further processing if an identification system is not in
place (see section 4.6).

Current efforts are focused on grinding food waste in the sink and transporting the
resulting slurry to the basement. It is possible to mix this slurry with normal
wastewater aiming at a higher production of methane (co-digestion) compared to
the normal wastewater treatment. However, the use of fertilisers made from co-

5 More information is available on Wikipedia
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digestion together with black water fails due to the widespread ban on the
application of sewage sludge to soil. Sewage sludge accumulates contaminants
from wastewater, e.g. heavy metals, pharmaceuticals and residues from industrial
effluents. Consequently, the application of sewage sludge to agricultural soil has
been widely restricted or prohibited in many Member States. Therefore, it is
necessary to keep the kitchen effluents and other waste water separated. Some pilot
projects already in place or projected make use of an additional pipe system for
transporting the ground food waste. Due to its high-water content, the slurry can
easily be transported to a storage tank or small facility. The food residues can be
separated by sieving (solid parts) or digestion (liquid parts) to produce biogas and a
liquid residue that can be applied to agricultural soil or even dewatered to produce
a soil improver.

Pilot system for skyscrapers in Seoul / Korea (Information taken from Kim et al. 2025)

Based on the results of a pilot study supported by the Seoul Metropolitan Government a full-scale system
has been installed in two high-rise apartment complexes including 1451 homes in nine buildings with 35
floors. The system (see scheme below) is successfully working over 3 years.
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l Bio-drying
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As can be seen from the process scheme, the separated residues are dried to prevent bad smells. The loss of
carbon to the effluents was found to be low. The residual solids can be stored fora long time and used either
as compost or as a secondary fuel after drying.

The construction of the pipe system can be based on the plumbing system if kitchen
effluents are transported in separate pipes to the cellar, rather than being mixed
with other effluents on the same floor. Unfortunately, this is rarely the case.
Therefore, grinder systems will be considered for new buildings. It might become an
interesting alternative to conventional collection schemes in case of high-rise
buildings. Research on the technical, social, and financial aspects of a grinder system
are part of the Bin2Bean project in the LL Amsterdam (see section 6.2).
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5 Transformation of bio-waste to soil
improvers

The processing method chosen depends on the desired product and the type of
input material. Soil improvers are produced through composting, as well as through
a combination of composting and digesting processes. The input material can
generally be divided into the following fractions:
food waste (mostly wet, high amount of nutrients)
- Garden and park waste
Grass clippings (rich in nitrogen, wet)
- Hedge cuttings
Special waste from different industrial sources (e.g. food industry, breweries)
The most suitable process can be chosen using some simple rules of thumb, except
for special input materials, which must be thoroughly analysed to determine the
optimal method of valorisation.
- Input material with high water content and easily degradable molecular
structures -> Fermentation
- Input material with low water content and medium degradable molecular
structures -> Composting
- Input material with low water content and recalcitrant, e.g. lignin structures -
> Material recycling or recovery of energy
In the following, the technical systems are described briefly (sections 5.1-5.4). The
best available techniques for aerobic and anaerobic processing of bio-waste can be
taken from a publication by the JRC [Pinasseau et al. 2018]. A short introduction into
emission control is given in section 5.5. Biological treatment plants with a capacity of
more than 75 t/d are subject to the new IED (Industrial Emissions Directive, Annex |,
No 52 and 5.3). Bio-waste processing plants are excluded from the scheme for
greenhouse gas emission allowance trading within the Union in accordance with
Article 27 of Directive 2003/87/EC. As a great deal of experience is currently being
gained in improving the pre-separation of contaminants and the removal of
remaining impurities from compost with new combinations of suitable machinery,
these are presented more in detail in section 5.6.

51 Aerobic treatment (composting)

Composting is an aerobic process, meaning it relies on oxygen (O,) to allow a diverse
community of microorganisms to break down bio-waste into a stable, valuable soil
amendment. This decomposition follows a natural thermal progression: starting
with the mesophilic phase (moderate temperature, rapid organic acid breakdown),
followed by the crucial thermophilic phase (high temperature, often 55°C to 65°C for
several days), which is essential for hygienisation, eliminating pathogens and
inactivating weed seeds. Maintaining sufficient air supply is critical, as lack of O,
results in anaerobic conditions, leading to the formation and release of strong
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odours, particularly ammonia (NHs) and volatile organic compounds (VOCs)
including methane (CH.).

Composting processes
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Figure 8 Schematic view of different composting processes (Source: [BMU/UBA 2012])

The operational method is primarily defined by how the waste is handled to ensure
adequate O, and temperature control:

1. Enclosed processes (mandatory for high volumes or odour risk): Used for
highly putrescible wastes (like food waste) where stringent odour control is
mandated by permit. Air is captured and sent for mandatory treatment via
acid scrubbers or biofilters.

o Enclosed static (encased static processes): The waste is placed in fixed,
airtight structures, such as bunkers or tunnels, and remains untouched
during the entire active composting phase. O, is supplied solely by
forced aeration (air pushed through the floor or walls), which allows for
precise temperature control. This setup provides the highest level of
emission capture and is therefore used in densely populated areas.

o Enclosed dynamic: The material is actively mixed or moved within the
reactor, typically using rotating drums or automated screw-agitated
vessels. This aggressive movement ensures maximum contact
between the waste and O, resulting in a very rapid, controlled
decomposition process, though it requires higher energy input and
maintenance.
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o Enclosed quasi-dynamic: A hybrid approach where the material is static
during short periods but is regularly moved or shifted (e.g., transferred
between tunnels or bays) by mechanical loaders or automatic cranes,
usually once per day or less frequently. This achieves better uniformity
than static tunnels while avoiding the high energy of continuous
mixing.

2. Open air and under cover processes (for low volume stabilized or low-odour

waste): These processes offer lower control but are cheaper to operate and are
suitable for pre-treated waste or materials like yard trimmings.

o Static open-air piles (or windows): waste is arranged in long piles in the
open. Aeration relies solely on natural air currents and heat convection,
often supplemented by periodic mechanical turning with windrow
turners. These have the highest risk of diffuse emissions and are highly
susceptible to weather, which can lead to excessive moisture
(hindering aeration) or dryness (slowing decomposition).

o Static under cover piles: similar to open-air windows, but carried out
inside large, three-sided sheds or covered structures. The cover
prevents rainfall from saturating the piles and allows for partial capture
of diffuse emissions (especially odours), which are then typically treated
via a simplified ventilation system before release.

5.2 Anaerobic processes (fermentation)

Anaerobic digestion (AD) is the microbial breakdown of organic matter in the
absence of O, primarily yielding methane (CH4)-rich biogas and nutrient-rich
digestate. The process is defined by two key operational distinctions: whether the
feeding and discharge are continuous, and whether the feedstock is "wet" (slurry) or
"dry" (solid).

521 Continuous digestion (wet and dry)

Continuous systems operate by constantly or semi-continuously adding feedstock
and removing the digestate, maintaining a steady-state environment in the reactor
for optimal gas production.

1. Continuous wet fermentation: This mode is used for liquid or slurry-like
feedstocks, such as thin food waste mixtures, typically containing less than 15%
dry matter (DM). The waste is pumped into fully mixed, enclosed digesters,
allowing for excellent contact between the waste and the microbial community.
This system is highly efficient for CH. yield, offers precise process control, and
results in a pumpable liquid digestate, but it requires substantial mixing energy
and large reactor volumes due to the high water content.
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2. Continuous dry fermentation (high-solid AD): This mode handles thicker,
stackable organic feedstocks, such as high-solids food waste, manures, or source-
separated organics, with a DM content usually between 20% and 40%. The
feedstock moves slowly through the reactor, often in a plug-flow design, allowing
the system to handle the dense material without excessive dilution. While it offers
a smaller footprint than wet systems, preventing stratification and ensuring
consistent mixing in the high-solid environment requires specialized mechanical
handling equipment inside the reactor.

#3 cin2Bean
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Figure 9 Schematic view of continuous and discontinuous anaerobic digestion (Source: [BMU/UBA
2012])

5.2.2 Discontinuous digestion (dry fermentation — batch mode)

Discontinuous, or batch, dry fermentation is the preferred method for very
heterogeneous and solid-rich materials, such as bulky bio-waste or the organic
fraction from households, typically having a dry matter content over 35. In this
process, the solid waste is loaded into enclosed, airtight containers or garages
(similar to large bunkers), which are then sealed. The reactor is not fed again until
the entire batch has completed the digestion process (which can take several
weeks), at which point it is fully emptied. The biological process is often kickstarted
by recirculating process water (percolate) from a previous batch, which seeds the
fresh material with the necessary microbes and provides moisture, resulting in a
stackable solid digestate.

37



) 2Bean Deliverable 3.1

5.2.3 Operational alternative: High-nitrogen slurry production

Another approach is processing residues from the food industry (e.g. including
outdated packaged food) in combination with municipal bio-waste. In this process,
a pulper is used to produce a mixture, which is pumped through a sieve (e.g. 6 mm
mesh) to separate solid contaminants. The main products are CH4 from anaerobic
digestion and a nitrogen-rich slurry. Facilities of this type are installed in Denmark®.
The slurry, due to its high nitrogen concentration, cannot be readily converted into
a stable soil improver without further treatment. Its agricultural application may be
restricted, particularly in regions with strict nitrate content regulations. For example,
in the Netherlands, use may be effectively prohibited under environmental
legislation controlling nitrate emissions to soil. During a comparable process at a
plant located in Amsterdam, which is only used for industrial residues, outdated
packaged food etc,, part of the energy recovered from CH. is used to dry the residue,
enabling its use as a fertilizer in other European countries depending on the national
legislation. The German Fertilizer Ordinance prohibits the application of such slurry
to agricultural soils during the winter period (three months for slurry, six weeks for
compost) and limits the amount of nitrogen (N) and ammonium (NH.*) that can be
added to the soil.

Concerns remain regarding the complete removal of plastic contaminants. Even
with effective separation, a wet mixed fraction remains, which typically requires
incineration. While this is technically feasible, the associated gate fees may be higher
due to the material's elevated water content. Consequently, although the process
can contribute significantly to diverting bio-waste away from landfill (as stipulated
by European regulations), its main value output is likely limited to CH4 recovery.

53 Hygienisation and maturing

Hygienisation is a critical pre- or post-treatment step designed to ensure that waste
products are safe for land application. According to the Fertilising Product
Regulation (FPR, Regulation (EU) 2019/1009), this is part of the composting or
fermentation process, which stipulates a process temperature of 70°C for 2-3 days
for composting, and 55°C followed by composting or a pasteurisation step at 70°C
for digestate from thermophilic anaerobic treatment. If these temperatures cannot
be met, longer periods are required.

In case of treating sensitive wastes such as animal by-products (ABP Regulation (EC)
1069/2009) the entire volume of bio-waste must be shredded and undergo heat
treatment (most commonly 70°C for at least one continuous hour, particle size 12
mm) to inactivate disease-causing organisms (pathogens) like Salmonella and
Escherichia coli. This thermal stabilization ensures the final product is safe to handle
and apply to agricultural land without risk of transmitting infectious diseases. The

6 See e.g the websites of Gemidan and Ecogi
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small particle size required for the hygienisation process both impedes composting
and also dry fermentation.

Maturity is the final, essential stabilization phase, especially for compost and solid
digestate that ensures the product can be used safely without damaging crops or
depleting soil resources. A product is only considered "mature" when the initial rapid
breakdown of organic matter has ceased and its biological activity has significantly
slowed down, preventing phytotoxicity (harm to plants). This stability is a key quality
parameter and is assessed using highly specific tests, such as the dynamic
respiration index (DRI), which measures the consumption rate, and plant
germination tests to confirm the absence of toxic compounds. A low O,
consumption indicates that the product will no longer aggressively pull essential O,
from the soil once applied.

5.4 Products

The ultimate success of biological waste treatment is measured by its valuable
output, which helps move waste up the hierarchy from disposal to recovery. The
primary organic final products include compost from aerobic processes and
digestate (the nutrient-rich liquid or solid remaining after AD), both of which serve
as excellent soil conditioners and/or fertilizers, requiring laboratory analysis to ensure
nutrient content meets application standards.

Furthermore, the biogas generated is itself an energy product, often cleaned and
used on-site for combined heat and power (CHP) generation or upgraded to
“biomethane” for injection into the national gas grid as a renewable fuel. The raw
biogas produced during fermentation is saturated with water vapour and
contaminated with several corrosive and performance-inhibiting impurities, most
notably hydrogen sulfide (H.S) and Siloxanes (silicon-organic compounds). H,S must
be removed below critical thresholds (often <200 ppm) because it quickly corrodes
engine parts and pipes, while siloxanes deposit abrasive silicon dioxide inside
machinery. Best available techniques (BAT) for cleaning require a combination of
methods: Chilling/Condensation to remove water, biological desulphurization (using
microorganisms in a separate tank) or chemical scrubbers to remove H,S, and
activated carbon adsorption to strip out siloxanes, ensuring the gas quality is suitable
for its high-value use.

5.5 Emission control

Operating a waste treatment facility requires effective management of pollutants
like bacteria, fungi, and specific gaseous compounds such as NHs, alongside the
crucial need to mitigate CH. emissions, a significant greenhouse gas. Furthermore,
the smell from biological treatment plants is a nuisance for the neighbourhood.
Facilities often employ air purification devices, such as biofilters, scrubbers, or
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thermal oxidation systems, and must adhere to BAT guidance, primarily detailed in
the BAT reference document (BREF) for waste treatment (WT BREF), whose binding
BAT-associated emission levels (BAT-AELs) were established by commission
implementing decision (2018/1147). These BAT-AELs set strict performance
requirements for air and water emissions; for example, air emissions of total VOCs
from the aerobic treatment of waste (like composting) must typically be maintained
within a concentration range of 5 to 40 mg/Nm? (expressed as total carbon, yearly
average) after abatement. For NHs, the WT BREF introduces a key choice: the facility
must comply with either a BAT-AEL for NHz concentration or an AEL for odour
concentration, with NHz AELs for air emissions from aerobic treatment typically
ranging from 5 to 25 mg/Nm? (yearly average). Critically, for processes involving
anaerobic treatment of waste (like anaerobic digestion), the BAT conclusions focus
on CH, prevention, requiring mandatory techniques like efficient biogas collection
(minimum 90% collection efficiency is often cited as BAT) and the subsequent use of
the biogas via techniques such as CHP, rather than setting a single concentration
limit for fugitive CH, emissions. The industrial emissions directive (IED) applies only
to plants with a daily throughput of 75 t or more. Regulatory compliance under the
IED mandates the regular monitoring of key air emissions, including CH., NHs,
carbon dioxide (COy), Total Organic Carbon (TOC), and particulate matter (PM10), as
well as substances listed in the European pollutant release and transfer register (E-
PRTR) regulation (annex Il to regulation (EC) No 166/2006). Effluent control is also
required, where for total nitrogen (including NH.* and NOs) in wastewater from
biological treatment of waste, a typical daily average BAT-AEL range is 1to 25 mg/l
(as total nitrogen). The BAT document [Pinasseau et al. 2018] presents a high number
of data from existing plants, which can be used to compare the installation in
guestion with the best available technique. The specific maximum emission limits
and monitoring requirements are ultimately detailed in a permit and enforced by
the competent authority.

5.6 Separation of impurities and contaminants

To receive a high-quality soil improver, pre- and post-separation steps are necessary
in the anaerobic and aerobic treatment plants. What are the targets in detail?

- Separation of different bio-waste fractions that are suitable for composting or
fermentation, or that cannot be managed due to a high content of material
that is not easily biodegradable.

- Elimination of all impurities and contaminants that cannot be biodegraded,
evaporated by air or dissolved in process water.

As outlined in the foregoing sections, the input material must be prepared for the
specific processes. Food waste or bio-waste with a high-water content is most
suitable for anaerobic digestion. If the material has a low water content and also
consists of garden waste, composting will be more suitable. It is therefore
recommended that these fractions are kept separate. Bio-waste, including kitchen
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waste and garden waste, as it is normally collected in urban areas, can be separated
by sieving. The sieve-fraction below 20-50 mm is suited for anaerobic treatment,
whereas middle-sized particles < 100 mm are suitable for composting. Screen
overflow, i.e. > 100 mm, is often rejected. The mixture of wooden particles, branches,
plastic parts, fibers etc. is difficult to separate and can be incinerated with energy
recovery. Technical solutions for separating and valorising even these rejects are
available on the market, but not widely used at present.

Eliminating impurities is a complicated process that is difficult to test in a laboratory.
Although much experience has been gained, the devil is in the detail: The separation
scheme used for a specific composition of bio-waste cannot easily be transferred to
other plants. It is recommended to collaborate with experienced engineers and
specialised companies to find the best solutions for the facility in question. The
elimination process can generally be structured following the type of contamination,
called “The contaminant management hierarchy”, see Figure 10.
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Figure 10 The contaminant management hierarchy

Reproduced from [Gilbert and Ricci-Jurgensen (2023)], with permission from the International Solid
Waste Association (ISWA)

Contaminants such as toxic metals (e.g. mercury and lead) and hazardous pesticides
are rarely found in bio-waste because their presence in food is strictly limited.
However, residues from pesticides may be present in green waste from orchards or
special waste from the food industry. Therefore, operators of plants that process
industrial or agricultural waste should be aware of potential contaminants.
Disposing of ash from charcoal (e.g. from barbecues) should be prohibited to avoid
polycyclic hydrocarbon contamination. Ash should be disposed of as residual waste!
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Biological hazards are in the focus of processing (see also section 5.1): According to
European legislation, the production of soil improvers requires the hygienisation of
hazardous organisms at elevated temperatures.

Pre- and post-sorting focuses on plastic waste, glass and stones, as well as input from
residual waste. If larger pieces need to be shredded before sieving, it is important to
use machinery that does not destroy plastic bags completely, since small pieces of
plastics, glass etc. are difficult to separate in subsequent steps. Since many citizens
use plastic bags to transport kitchen waste to the bin (mostly contrary to municipal
ordinances), it makes sense to install a bag opener at the start of the pre-sorting
process. The amount of residual plastic particles after composting can be reduced
using wind shifting (which may result in a loss of compost) or an infrared detection
system (expensive), similar to those used for sorting packaging material.

Similar problems arise with glass packaging (e.g. jam glass) or porcelaine - large
fragments of should be removed before shredding to avoid small cullets in the final
product. This can be performed by slowly rotating sieves or by hand-picking. Metallic
products (e.g. garden scissors, knives) can be easily separated with rotating magnets.
Stones can be separated by sieving either before or after the biological process.

The case of bio-degradable plastic bags

Experts in bio-waste processing have different opinions on 'biodegradable' plastic bags: In
some countries, especially Italy, the use of plastic bags that meet the technical standard
EN 13432 is recommmended for transporting and storing pre-sorted kitchen waste. However,
other countries such as Germany and the Netherlands strictly oppose the use of plastic
bags of any kind due to the incomplete degradation of bio-degradable bags in the
composting process, as well as the risk of confusing non-degradable bags with degradable
ones. Based on a thorough review of the management of biodegradable plastics in Europe,
a group of researchers from Austria, Denmark, and Germany concluded: “Lab-scale studies
of mechanical recycling of prominent biodegradable plastics have been conducted;
however, industry level studies demonstrating recycling on a full scale are unavailable. In
addition, no clear and consistent information about compostability of biodegradable
plastics exists.” [Mhadoolkar et al. 2024]. Recommendations for handling biodegradable

Readers who are interested in the technical details of potentially useful machinery
are referred to a guideline edited by the LIFE BioBest project [Walk & Gambini 2024].
In the following, the concrete pre-separation process of two modern facilities is
described to explain the technical background.

Kamp-Lintfort (Lower Rhine Basin, Germany) is home of a large center for municipal
waste management covering an incinerator that delivers power and heat to the
neighbouring city, a landfill for mineral residues and a combined anaerobic / aerobic
treatment plant. The responsible company (owned by the County of Wesel) serves
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two counties with 760,000 inhabitants. The biomass plant has a capacity of 67,500
t/yr. Therefore, about 90 kg bio- and green waste per inhabitant can be managed.
The process is optimised to achieve the following goals:

- High-quality compost, which is used as soil improver (RAL certification — first
priority)

- Production of biogas (as a contribution to the German “Energiewende”)

- Avoid the production of liquid fertilisers (because of difficult marketing in the
region)

If the bio-waste contains more than 3% foreign material, the entire batch is rejected
because it is doubtful that the contamination can be eliminated to meet the quality
targets. After the quality control, the material is crushed. The entire input is
pretreated by screening into three sections. The finest material (< 60 mm) is fed
directly into the fermentation process, the middle fraction goes directly to
composting (60 — 100 mm) and the fraction > 100 mm is incinerated. The sieving
steps aim also at the separation of unwanted materials, such as plastics, stones, glass
which are concentrated in the fraction over 100 mm. The post-treatment of compost
before marketing covers a flip-flow (or tension wave) screen followed by a wind
shifter to remove small plastic particles and dust, respectively. The resulting product
then passes through a star screen to achieve a final grain size of O to 15 mm. Any
oversize particles are partially recovered as structured material (15-60 mm) for the
composting process, or disposed if they are larger than 60 mm.

Figure 11 Blutzberg plant: Pre-sorting of bio-waste before entering the biological process (Source:
Stadtreinigung Hamburg)
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SRH (Hamburg, Germany) is running the Butzberg plant for more than 20 years. To
date, this facility processed up to 55000 tonnes of kitchen and garden waste
annually, producing around 0,87 million m3 of pure biomethane and 17,000 tonnes
of high-quality compost, which is certified for application in organic farming.
Because of rising amount of bio-waste fromm Hamburg, the capacity was increased
to 90,000 tonnes (70,000 t kitchen waste and 20,000 t green waste) input available
in 2026. The plant will then produce 35,000 tonnes of compost and 2 million cubic
metres of biomethane.

The plant consists of an indoor composting facility with an automatic "Wendelin"
converter (BuUhler company) and an upstream fermentation stage, ie. a
discontinuous dry fermentation (Eggersmann company). The production of liquid
fermentation residues is avoided as the percolate is used for inoculation. The input
material should not include more than 2% impurities with a control value of 1%
plastics. In the first step, the delivered waste is screened. Large items > 120 mm are
separated. The fraction between 40 and 120 mm is further comminuted in a slow-
running snail mill. The snail mill leaves plastic bags and similar items largely intact,
so that they can be separated in the next step using a star screen. The star screen
also separates out stones. After the separation of iron with belt magnets, the pre-
sorted fraction (40-120 mm) as well as the screen bottom (< 40 mm) are ready for
anaerobic treatment. The solid fermentation residues are composted. After ripening,
the compost is screened again; oversized particles are returned to the composting
process. Some pictures from the pre-sorting process are presented in Figure 11.

Facilities, which accept bio-waste from food industry, supermarkets, and restaurants,
must be aware of packaged food. As it is not possible to de-pack the food (plastics,
paper, cans..) the whole input is shredded and the packaging material separated e.g.
by a hydrocyclone (see also section 5.2.3). This pretreatment yields a pulp, which can
be processed in a wet anaerobic process to produce biogas. Due to the high-water
content of the residue the production of soil improvers needs a lot of energy.
Therefore, it is necessary to look for alternatives, e.g. fertilising agents with a high
content of nitrogen and phosphorous as a value-added product or —in the contrary
—direct application of the residual slurry in the agriculture. Facilities of this type often
accept also bio-waste from densely populated areas (e.g. from Copenhagen), where
bio-waste with high quality is difficult to achieve.

5.7 Decentralized processing

Decentralised waste management and systems are popular following the famous
thesis “small is beautiful” [Schumacher 1973]. It also fulfils the desire of households or
small communities for (perceived) autonomy. Many cities foster home-composting
or test smaller systems that may be suitable for recycling bio-waste in
neighbourhoods or at festival halls. In the following, some ecological and (if available)
economic aspects of decentralised solutions in comparison to centralised solutions
are presented:
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Home composting: In case of home-composting, the city saves on collection
and the associated costs, households save on charges for the bio-waste bin
but are responsible for the quality and application of the compost they
produce. The justification of home-composting as a recycling process
equivalent to digestion or composting in technical plants depends decisively
on its professional implementation. The mere accumulation of kitchen and
garden waste without paying further attention to it leads to greenhouse gas
emissions as a result of unventilated zones. Several studies can be found in
the scientific literature; the results vary considerably with regard to the
emissions of CH, and N,O between different composters and processes as
well as in comparison to centralised systems. Suitable management of the
compost piles is a minimum requirement to avoid additional GHG emissions,
e.g. mix of kitchen and green waste, little or no animal protein, sieving of
mature compost, to ensure sufficient supply of oxygen, to achieve high
temperature for hygienisation, and to get a good compost without unwanted
ingredients like plastic or glass particles.

School and community composting: Generally, the same is true for
composting activities of communities (i.e. neighbourhoods or groups of
engaged citizens) or schools. But in these cases it is easier to inform and
educate people in a targeted manner and thus ensure a suitable
management of the process. The application areas for the produced compost
should be large enough to avoid over-fertilisation.”

Autonomous composters: Some “autonomous composting units - ACU"” were
installed on Greek islands, e.g. Rhodes, as part of the ACUA Interreg project
that are used by a nursery, a hospital, an army barrack etc. According to a
publication [Maragkaki et al. 2022], each unit can process about 40 kg kitchen
and green waste per day. It is reported that about 100 to 150 people use each
of these composting units.®

Small anaerobic digesters: Small AD installations (see e.g. the DECISIVE
project) are often based on a dry fermentation process. Furthermore,
pretreatment on site (storage, sorting, shredding) should be avoided as much
as possible due to lack of space and to prevent odour. In case of solid phase
AD, biogas production is poor in comparison to dynamic liquid phase systems.
In the last few years, providers for this type of machines have emerged, but
they have also disappeared from the market again. It's likely that the effort
involved in providing technical support for the systems is often
underestimated especially since the same emission limits must apply as
compared to large facilities to avoid considerable odour and loss of methane.

7 Community composting was investigated in the projects DECOST and MED4WASTE, both
funded by the EU. Though the composters worked quite satisfying in the DECOST project the
report claims for “greater technification of the process and professionalization”.

8 The project was finalised in 2020. Unfortunately, only part of the deliverables is available on
the home page. During the project, INCOTECH composting machines were installed that can
no longer be found on the web.
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Most small-scale systems for composting can be operated by engaged citizens after
an introduction into the biological principles and some technical advice, whereas
small digesters mostly need professional support. In any case, a reliable and
continuously operating network of citizens is required to ensure that the community
facilities for processing food waste are operated correctly in the long term. If this
does not work, the respective municipality must jump in — this should be taken into
account when providing subsidies for respective activities. This is easier in schools
when small systems are used for teaching purposes.

A thorough investigation of the ecological and economic effects of small-scale bio-
waste processing for Amsterdam [Mulder et al. 2020] concludes that
o ‘“separate collection and processing, in such a small-scale setting in which the
initiatives were carried out, is cost-prohibitive...”
o there is a potential for decreasing the costs “when initiatives are scaled up or
resources are used more efficiently”
o “the 'reuse' of bio-waste (in order to preserve as much raw material as
possible), in the case of our case studies, does not contribute to climate target”
o production of biogas and soil improvers / fertilisers from bio-waste will
become far more important in the long run due to decreasing availability of
fossil gas and phosphorous.
For decision making on the local level it is recommended to use the DECISIVE
[DECISIVE 2019] support tool or the RE-STORE approach [Schrik & Mulder 2020] °

6 Living Labs

The Bin2Bean project covers three Living Labs (LLs), which are located in different
European regions with distinct pedo-climatic and geographical contexts. The LLs are
at different stages of development and therefore face different challenges in the
valorisation of bio-waste. Continuous exchange between the LLs and discussions
with local stakeholders help to identify specific needs, generate new ideas, find
better solutions and avoid mistakes.

6.1 Egaleo

Egaleo is a city of 65,000 inhabitants in the metropolitan area of Athens. In this LL,
bio-waste collection has started in June 2024. Use of compost as soil improver in
Greece is not very common up to now despite the need of many agricultural areas
for humus to decrease erosion.

2 The tool is available on request (@ Maarten Mulder, Amsterdam University of Applied
Sciences)
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6.1.1 Citizen engagement and awareness campaigns

Initially, the collection focused on restaurants and supermarkets, but has since
transferred to a small pilot area of 100 households. There are around 120 brown bins
in the city's neighbourhoods. The Municipality of Egaleo recognises that citizen
motivation and trust are crucial for success.

So far, Egaleo has achieved the following:

Network in the administration: the municipality has involved all relevant
departments - Waste Management, Green and Public Spaces, Education, and
Public Communication - in order to coordinate efforts.

Pilot surveys: during the pilot phase, Egaleo gathered citizens’ opinions on
waste separation habits, bin use, and hygiene perceptions using Discrete
Choice Experiments.’®

Engaged ambassadors: schools and kindergartens have received
composters to involve teachers and students to become “multipliers” and
producers of compost to help the city and its environment. The city also
encourages local “ambassadors”, such as committed citizens and
environmental groups, to promote participation.

Public communication: Egaleo aims to improve public trust through press
releases, social media updates, and providing testimonials showing that the
collected bio-waste is truly composted and reused - thereby countering the
widespread Greek skepticism about recycling. An electronic flyer has been
produced to inform citizens on what to throw and what not to throw in the
brown bins around the city, which was uploaded on the Municipality's
website.

Compensation: since July 2025, Egaleo has been providing bags of compost
for gardens, green spaces and households free of charge in recognition of
citizens' efforts to recycle bio-waste. Bags are administered to the city by the
regional waste management authority (EDSNA).

Further roll-out: in total, the city has administered 400 kitchen bins overall
and 2,500 paper bags to people that are city residents.

Things to consider for the future:

O

O

Containers in the street should be locked to prevent passers-by from spoiling
the bio-waste. Locks have not yet been installed due to the cost to the
municipality.

The local open grocery markets (as important producers of bio-waste) also
need to be engaged in the recycling effort of the city.

Citizens need a more comprehensive and targeted campaign to be informed
about the bio-waste and the use of the brown bins around the

10 At the time of the editorial deadline of this guideline, the Discrete Choice Experiment was
still ongoing.
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neighborhoods. When the project Bin2Bean will be over, the Municipality will
have to implement a horizontal strategy to raise awareness and employ
charging systems like PAYT.

Supermarkets may need to be administered with larger containers, which
usually come with locks for controlled bio-waste collection.

The composting campaign in schools

Since April 2025, 11 schools in Egaleo have been involved in composting processes.
The schools were given a composting device, and the students and teaching staff
are responsible for mixing the contents, adding the appropriate bio-waste and green
waste, and completing the process after around three months. The composting
product is expected to be ready by the end of February 2026. The city recognises that
raising awareness among children and parents is crucial for success, and that
education from an early age plays an important role.

So far, Egaleo has achieved the following:

School Education: students and teaching staff were educated on how to use
the brown bin and the differences in using the composting device.

Engaged parties: the Department of Planning and Development
collaborated with the Department of Green and Public Spaces to deliver
educational seminars.

Lab testing: the product from composting, i.e. the soil improver, will undergo
chemical testing to analyse its composition. The Department of Green Spaces
will screen the compost, and samples from each school will undergo testing
in specialised laboratories.

School competition: 3 of the 11 schools producing compost will be rewarded
by the municipality for producing the best compost.

Next steps:

O

End of February 2026: samples will be taken from all the school composting
devices.

Samples will be sent to Wageningen University (responsible partner in the
Bin2Bean project) for testing against the specific criteria set by the project
experts.

Once the tests reveal the three best composting product compositions, three
schools will be given a monetary award to cover their needs.

In 2026, Egaleo may hold a second round of educational seminars in schools
to refresh students' and teaching staff's memory of the procedures needed to
produce good-quality compost.
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Figure 12 Bins for bio-waste on the streets, City of Egaleo (Source: City of Egaleo)

6.2 Amsterdam

Amsterdam is famous for its “grachten”; i.e. it is a city with steep houses between
numerous canals and rivers. Unfortunately, this means also lack of space for waste
bins and proper waste sorting at source. In Amsterdam the policy related to socio-
economic, environmental or infrastructural issues are articulated on neighborhood
level. The future urban developments will include even more densely populated
neighborhoods. The effectiveness of traditional bio-waste collection methods in
neighborhoods with this character is low. Thus, the municipality is anticipating using
novel collection methods for source separated bio-waste. The most desired method
is with kitchen sink grinders (KSG) in newly built high-rises (see also section 4.7). The
proposed implementation is in a semi-decentralized form: the KSG will be used to
collect the bio-waste (effectively: food waste) on a household level and the ground
food waste will be separated in a liquid stream and in a solid stream. The liquid
stream is envisioned to be discharged on the sewage system (potentially after an
additional on-site pre-treatment) and the solid stream is to be collected and
processed at a centralized anaerobic digestion facility.

6.2.1 System

The system, which shall be installed in Amsterdam’s future high-rise buildings,
consists of a KSG per household, separate plumbing to transport the ground food
waste to a technical room in the basements of the high-rise, a screendeck separator
to separate as much free water from the ground food waste and a screw press
separator to press out the water from the remaining solid fraction. The liquid stream
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can be pre-treated to remove remaining nutrients and/or organic components.
Typically, the liquid stream has a dry matter content of +/- 1%. The solid stream is
stackable and can be collected in a bin for weekly collection. The solid stream
typically has a dry matter content of +/- 20%.

6.2.2 Collection rate

Due to the additional pre-treatment not being able to capture all dry matter
collected with the KSG, the effectiveness of a KSG based food waste collection and
pre-treatment system cannot be determined by only using the participation rate (%
of civilians using the source separation scheme). The capture rate (% of mass
captured with collection) of the pre-treatment also has to be taken into account.
Additionally, since not all food waste components are able to be ground with KSG
(e.g. avocado pits), the separation rate (% of separatable bio-waste) should also be
taken into account.

Preliminary results show that about 90-95% of the typical household food waste
components can be ground with the KSG. The pre-treatment results in a capture
rate of about 40-50% on the basis of dry matter. With an expected participation rate
of 65-90%, it can be determined that the effectiveness of KSG based food waste
collection and pre-treatment will result in collecting about 23-43% of the available
food waste generated in high-rise buildings.

As only around 10% of the food waste generated in Amsterdam’s high-rise buildings
is collected through traditional above- or underground bins, the KSG's potential for
improvement is two to four times greater.

6.2.3 Sustainability assessment

The electricity and water usage of the KSG based food waste collection and pre-
treatment system is negligible compared to the electricity and water usage of an
average household. The KSG itself consumes about 1-3 kWh per year and the pre-
treatment step about 1 kWh per household per year.

The liquid stream from the pre-treatment process can be digested at wastewater
treatment plants to produce biogas. Sewage sludge from Dutch wastewater
treatment plants is incinerated. Therefore, the liquid fraction does not fulfil the
national sustainability objective of producing a soil improver or fertilizer from food
waste as a minimum level of valorisation.

The solid stream can be processed in an anaerobic digestion plant together with
other food waste. The biogas yield has not yet assessed. Based on the dry matter
content of the solid stream, it is estimated that the biogas yield will be comparable
to that of food waste collected in other ways. Pollution from food waste, and
ultimately the pollution in the compost resulting from post-composting following
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anaerobic digestion, is estimated to be lower than that from food waste collected
through conventional bin collection. This will result in higher-quality compost.

Figure 13 Kitchen sink grinder: Tests in the laboratory (Source: AMS Institute)

The preliminary conclusion on sustainability is that energy usage is low (having a
very limited impact on the total electricity usage of an average household) and that
the liquid and solid waste streams can be processed in a way that meets national
standards.

6.2.4 Challenges

The main challenge is taking away enough concerns about implementing KSG
based collection from building developers and policy makers. Building developers
fear the system is too complicated to be maintained easily and too expensive and
thus remain hesitant in accepting the system. Policy makers have not been able to
introduce the KSG in the contemporary waste charging system. The allocation of
costs will be discussed in a Bin2Bean Policy Forum. There might be a differentiated
approach covering the house owner, the residents, and the municipality.
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6.3 Hamburg

Stadtreinigung Hamburg (SRH), which serves 1.86 million people in the whole city,
has long experience in the field of bio-waste valorisation, which began over 30 years
ago. SRH, a municipally owned company, is working along the complete value chain
from waste collection until the sale of products, i.e. soil improvers and biogas. The
amount of bio-waste collected separately is steadily increasing driven by SRH's
recycling strategy, which was launched about ten years ago. The main challenge lies
in ensuring continuous high quality, particularly in densely populated areas. In the
following, two special measures are presented, which were tested as part of the
Bin2Bean project.

6.3.1 Dispenser for bio bags

As outlined in Section 3.5, separating kitchen waste at source and transporting it to
the 'brown bin' should be as convenient as possible to encourage waste producers
to participate. This is particularly important for large housing complexes, where
tenants wanting to dispose of their kitchen waste have to navigate long staircases
or use the lift to reach the ground floor. There is always a risk of losing some of the
bio-waste or dripping wet residues onto the floor. If food waste is stored in the
kitchen for several days, unpleasant odours can arise, accompanied by fruit flies or
other insects. SRH has developed a range of measures to make waste separation
easier for residents:

e In large housing complexes, underground containers (2-5 m?) are situated
next to each building.

e Fully biodegradable, wet-strength paper bags for collecting and transporting
food waste at home are available free of charge. The use of these bags also
reduces the smell. The paper bags can be collected free of charge ("bio-bags")
from recycling centers or from drugstores with a coupon that can be
downloaded from the internet.

e In a pilot area, tenants can now take a new bag directly from the opening of
an underground container after disposing of their bio-waste.

The “bio-bag dispenser” (Figure 14) should work as a cheap but effective measure to
encourage more people to separate their bio-waste at source. Tests are still
underway.
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Bio-bag dispenser
installed

Figure 14 SRH's "Biotute" (a bag for kitchen waste): available from a dispenser located at the opening
of the waste container

Figure 15 Bio-waste collection in underground containers: high quality (left) and contaminated (right)
(Source: SRH)
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6.3.2 Education of citizens in large apartment blocks

In addition to numerous information leaflets and online advice on waste separation
(e.g.the interactive “Waste App”), SRH is approaching specific target groups because
they cannot be reached effectively through standard communication channels. This
is particularly relevant for residents of large housing estates, where people often do
not know their neighbours, come from different cultural backgrounds, or do not
speak enough German to understand the importance of waste sorting in Europe.
Normally, these companies pay the waste disposal fees on behalf of their tenants
and charge them in turn, i.e. equal fee per person. Many housing companies are
interested in a clean living environment around their properties and the reduction
of utility costs — even if these costs are ultimately paid by the tenants because the
utility costs are added to the rental fee.

o"
g

Figure 16 SRH’s waste advisory service on site — preparation of an event in a large housing area
(Source: SRH)

Therefore, SRH cooperates with the housing companies aiming at actions to
improve the sorting behaviour of the inhabitants:
e SRH advisors participate in events at the property, e.g. neighbourhood parties.
e Residents are asked for their ideas on how to optimise the collection of bio-
waste in the area.
e The waste containers are equipped with insect repellents.
e “Bio-Tuten"” (see above) and compost for flower boxes are offered free of
charge.

The waste advisory service works with the janitors, who can answer residents'
guestions about waste sorting and check the container area for problems.

In Figure 15, the work of the waste advisory service is reported. Although such
activities mostly improve waste sorting behaviour, this does not have a long-lasting
impact. Events on site are especially time-consuming and require a lot of staff.
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About Bin2Bean

Bin2Bean is a research-action project, co-funded by the European Commission under the
Mission Soil, which aims to optimise the performance of bio-waste collection and
transformation into soil improvers. It started in September 2023 and will last 3 years.
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2002000400000 208 8
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to implement a continuous

Decisionmaking improvement strategy
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most viable solutions

A

SCORING SYSTEM

App for end-users to
select the best Q
suited soil improver

Bin2Bean collaborates with 3 City-Region Living Labs (Amsterdam, Egaleo, Hamburg), which
have different states of progress and levels of experience on the topic, to implement a series
of activities:

1. Map local contexts, in terms of state-of-progress, existing initiatives, needs, material
and monetary flows.

2. Design a tailored evaluation framework to demonstrate the safety, environmental
and socio-economic performance of bio-waste collection systems and soil improvers.

3. Develop a scoring system, fed by data from the evaluation framework, to help cities
select the most effective and market-ready solutions adapted to their context.

4. Develop tailored and viable business and/or community models for the highest
scored solutions, according to stakeholders’ willingness-to-adopt.

5. Draft local, national and EU policy roadmaps, including waste charging policies and
citizen awareness campaigns.

55


https://www.bin2bean.eu/
https://www.bin2bean.eu/amsterdam/
https://www.bin2bean.eu/egaleo/
https://www.bin2bean.eu/hamburg/

) 2Bean Deliverable 3.1

All this will feed into a PDCA (Plan, Do, Check, Act) toolbox, enabling any city-region to
create a continuous improvement loop towards effective bio-waste recycling and
regenerative soil systems.
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