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Abstract

Denmark consistently ranks among the highest producers of municipal waste per
capita in Europe. Copenhagen is often referred to as a sustainable city. The infamous
and contested waste-mountain, Amager Bakke is paradoxical. This incinerator is
connected to the heating and energy infrastructures, providing electricity for 90,000
households and heating to 80.000 (ARC, 2026b). However, this infrastructure is
dependent on waste.

ARC is constructing a sorting facility for residual waste (planned to be operating
from 2027), predicted to retrieve 8,500 tonnes of recyclable materials (6,5% of the
residual waste stream). The sorting facility is presented as a supplement to existing
household sorting and the facility will classify materials using near infrared
spectroscopy (NIR sensors). This thesis examines the sorting facility as an information
system part of an information infrastructures — operating as a (re)classification
technology and data-production system within Copenhagen’s waste infrastructure.

Rather than evaluating whether post-sorting will reach the recycling targets, the
focus is on classification practices, data production and responsibility. The sorting
facility is analysed as an instrumental case (Stake, 2003), where Romerike
avfallsforedling IKS (ROAF) functions as a reference case for understanding how NIR
sensors classify waste, what data they produce and how responsibility is distributed.
Interviews and documents interpreted as relevant are analysed to examine post-sorting
as an information system.

Most people in Copenhagen contribute to the waste infrastructure in some way or
another. Copenhageners are framed by the ARC and their municipality as ‘good
sorters’. Still, recyclable materials end up in the residual stream and becomes fuel for
the over-dimensioned Amager Bakke. Publicly post-sorting is framed as a device for
increasing the recycling rate. This is analysed in the thesis as a selective disclosure of
its complete infrastructural role.

The post-sorting is not analysed as an arrangement for preventing waste, rather it is
analysed as a classification system coalescing with the existing classification
arrangement constituting the information infrastructure, these arrangements are
critically examined drawing from Bowker and Star’s (1999) classification theory
following their statement that the “only good classification is a living classification” (p.
326). The functional role of residual waste is making the category static, it is locked-in
to requirement of throughput of waste. Thus, post-sorting governs the consequences of
waste production rather than its causes. It is introduced as a technology for managing
waste, not a radical instrument of changed — designed to manage quantity, not restore
quality.

Keywords: Information System, Information Infrastructure, Classification, Waste,
Residual
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1 Introduction

In 2014 Copenhagen was awarded the European Green Capital Award, a recognition
for providing healthy living conditions for its citizens (European Commission, 2014).
Copenhagen is globally recognised as a sustainable city — prioritising bikers, focusing
on work-life-balance, and striving to become carbon neutral. The city's ambitions of
2012 to become carbon neutral by 2025 manifested the image of being a green and
sustainable city. In 2021 CO2 emissions were reduced by 72,6% (Kebenhavns
Kommune, 2022). Backtracking to 2019, six years after the first dig, the infamous
Amager Bakke was ready to translate waste to energy. This incinerator is connected to
the heating and energy infrastructures, providing electricity for 90,000 households and
heating to 80.000 (ARC, 2026b). Although Amager Bakke sustains these
infrastructures, incinerating waste emits CO2, and because of that a carbon capture and
storage (CCS) technology were planned to reduce the remaining 28% needed for
reaching the carbon targets. However, in 2022 the semi-public waste management
company Amager Resource center (ARC) announced that they would not meet the
requirements for receiving governmental funding for establishing the CCS technology
(Christiansen & Hougaard, 2022; Kebenhavns Kommune, 2022). This technology
would let ARC burn its waste while emitting close to zero CO2 — and temporarily store
it (Christiansen & Hougaard, 2022). Amager Bakke was scrutinised long before its
inception (Bredsdorff & Wittrup, 2015), it was criticised from the get-go being a top-
down decisions and labelled a fiasco before turning waste to energy (Madsen, 2019).

The CCS technology was supposed to be an extension of the incinerator — a
technological fix for a technological solution to waste. Amager Bakke where projected
to cost four billion Danish Kroner, one billion more than anticipated. The incinerator
was also constructed for a larger volume than Copenhageners dispose in the residual
fraction (one of ten waste categories), then to burn at full capacity waste has been
imported from abroad (Bredsdorff & Wittrup, 2015). The aspect of importing and
transporting waste is interesting in relation to reducing CO2! In relation to the
incineration plant and the CCS technology! Christiansen and Hougaard (2022) interpret
two problems with Copenhagen’s experiences that could derail net-zero plans
elsewhere — a seemingly blind faith in technologies, more specifically a reliance on
immature technology — and — lack of accountability, who is responsible for these
failures. These technologies do not only signal blind faith in technologies but how new
technologies are installed to treat problems caused by technologies, treating symptoms
instead of cause.

Denmark consistently ranks among the highest producers of municipal waste per
capita in Europe. In 2024 Danes generated approximately 755 kilograms of municipal
waste per person (figure 1) — significantly above the EU average of 517 kilogram
(Eurostat, 2026). As the incinerator above illustrates, waste infrastructure in Denmark
has been built to handle large volumes: Amager Bakke was constructed for waste-
capacity exceeding what Copenhagen produces, requiring waste imports to operate at
full efficiency. The classification of that waste — what counts as residual, what counts
as recyclable, what is sorted at the household and what is sorted centrally — is therefore

' The CCS technology will not be discussed further in this thesis.



not only a sanitation and environmental question, as it also encompasses economic and
infrastructural aspects.
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Figure 1: Municipal waste in kilo per capita (2004,2014,2024) of EU total, Denmark and
Norway. [By Eurostat (2026, January) Municipal waste statistics [graph, table] EU.
https://ec.europa.eu/eurostat/statistics-

explained/index.php?title=Municipal waste statistics |

Sorting waste in ten-categories became mandatory across all Danish municipalities
in 2020 (Klima-, 2023). Part of this classification scheme is residual waste. Officially
defined as “waste not covered by other established collection or allocation scheme,
meaning waste that is not recyclable, not hazardous and not subject to producer
responsibility” (Kebenhavns Kommune, 2023, para. 19). As a category, residual waste
is therefore defined negatively, by exclusion from other classifications rather than by
any intrinsic material properties. Despite this status, the category remains central to
Copenhagen’s waste infrastructures, as it forms the primary fuel source for the Amager
Bakke incinerator. The residual waste category is a construction acting to complete the
formal classification scheme — in theory and practice.

For some reasons potentially recyclable waste is still found in the residual waste
stream, even though Copenhageners are framed as good sorters (ARC, 2026a). Based
on this ARC will establish a sorting facility that will sort plastics, paper, cartons and
metal from the residual stream, with the cost of 375 million Danish Kroner. ARC
(20264) states that they are building the sorting facility to increase recycling. Here it
needs to be mentioned that ARC is only sorting the waste and not recycling it - this will
be done elsewhere. Officially the sorting facility is presented as a supplement.
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The facility is set to be in operation from early 2027 (postponed from medio 2026)
it is predicted to sort 8,500 tonnes of recyclables from the residual stream (6,5% of total
received residual waste). These 6,5% is according to ARC (2026a) dependent on
household sorting, because materials sorted in the household and transported within its
category will have higher recycle quality. For example, a piece of paper mixed with
wet substance in the residual waste will have lower quality than paper placed in its
designated category at the households. A recent article in WasteTech with the managing
director at ReSource Denmark? in Esbjerg where they post-sort of the plastic category,
claims that the recycling quality of plastics and metals are lower when they are disposed
together in the same waste stream (Quetzalli, 2026). With the construction of these
sorting facilities ReSource and ARC), and the household sorting regulation there is a
clear institutional interest of reaching the target of recycling of municipal waste of at
least 60% recycled. To put this in a larger perspective: municipal waste accounts for
27% of waste generated in the EU (excluding mineral waste) (European Environment
Agency, 2022). The municipal waste category is a classification act, part of a larger
infrastructure, which is acknowledged, but not the analytical focus of this thesis.

The sorting facility will operate as a (re)classifier of the residual stream, embedded
within Copenhagen’s waste infrastructure — dependent on mundane arrangements and
practises while operating as a centralised, industrial classification system. For
achieving the recycling targets the post-sorting and household sorting systems are
interdependent. What the facility can recover is dependent on what citizens sort and
valorisation of the materials. How the citizens sort is dependent on categories, standards
and collection arrangements guided and prescribed by regulations and infrastructural
elements (e. g. waste bins, collection frequency, communication, knowledge).

The post-sorting facility under construction will be located adjacent to Amager
Bakke. The term post-sorting derives from ARCs own framing: the facility is presented
as a supplement to existing ‘source sorting’3, operating after household classification
has already taken place. Officially ARC refers to it as a sorting facility for residual
waste (ARC, 2026a), but in this thesis it will be referred to as a post-sorting facility,
simply because it is installed as an extension to household sorting, thus post-sorting
only occurs when prior sorting exists.

Post-sorting classifies waste based on spectral signals using Near-infrared
spectroscopy sensors (NIR). The NIR scanners acts as classification actors — dependent
on its technical capabilities, maintenance and the waste stream — repurposing residual
waste from a waste-to-energy source to a category containing waste-as-a-resource, with
an overarching objective of moving residual waste management higher in the waste
hierarchy.

1.1 Problem formulation

2 ReSource Denmark is post-sorting already sorted plastics into polymer types, the sorting facility
handles plastics from most Danish municipalities. ReSource utilises NIR sensors from Tomra
to sort their waste. An employee from ReSource were interviewed in relation to this thesis.

3 Household sorting is often referred to as ‘source sorting’ (Kildesortering), this implies that the
household is where waste is produced (the source) which for some objects might be true and
for others not so true (e. g. planned obsolescence, packaging).



Against this backdrop, this thesis examines post-sorting as a (re)classification
technology and data-producing system within Copenhagen’s waste infrastructure.
Rather than evaluating whether post-sorting will succeed in reaching recycling targets,
this thesis asks what treating post-sorting as an information system within a larger
information infrastructure entail. Analytically adhering to post-sorting as a supplement
this thesis focuses on classification practices, data production and responsibility by
examining how waste is transformed into categories, measurements and actionable
knowledge, and how these transformations shape waste governance. To study this this
thesis seeks to answer the following three research questions:

How will post-sorting function as a (re)classification system of residual waste in the
Copenhagen waste infrastructure?

What data is produced through post-sorting, and how does this data govern waste
management practices?

How is responsibility for waste classification distributed across the waste
infrastructure, and what happens to responsibility when elements of sorting are
delegated to technologies?

1.2 Previous work

The topic of this thesis emerged from a preceding report prepared for the Sustainable
Development Lab* at Aalborg University Copenhagen (Sather, 2025). Whereas Sather
(2025) examined post-sorting primarily through the lenses of sustainability and the
circular economy, this thesis investigates post-sorting as an information system within
a broader information infrastructure. The previous report (2025) analysed post-sorting
in relation to the broader Circular Economy ambitions of Copenhagen municipality and
its political dimensions. Its findings highlighted a series of local tensions surrounding
waste sorting, technological optimism and responsibility distribution. The analysis was
organised around the themes: “Waste sorting technology as a political infrastructure”,
“Distribution of responsibility” and “Techno solutionist futures and its promises”. The
themes captured the tensions across Copenhagen’s waste infrastructure and
disagreements of the ten-category arrangement, where the movement 1spand.nu’
advocated for a more technological waste infrastructures where citizens would be
relived from the inconvenience of sorting. This thesis will extend the theoretical
discussions opened in Sether (2025) analysing waste management as relational
infrastructures, but where classification of waste is the starting point. The political
tensions traced in the preceding report is placed in the background in the background,
however not excluded. Then, questions of recycling and circular economy are discussed
while neither is examined at length individually.

1.3 Thesis overview

4 https://www.sustainabledevelopmentlab.aau.dk/
3 https://1spand.nu/
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The preceding section introduced the context of the study, situating post-sorting as
part of the larger waste infrastructure in Copenhagen (chapter one). The literature
review (chapter two) constructs a theoretical lens for examining post-sorting as part of
the waste infrastructure. Then, the methodology chapter (three) describe the data
collection methods for understanding post-sorting as an instrumental case. The
collected data is analysed following the six-phase guideline by Braun and Clarke (2006,
2019). Chapter four analysis post-sorting as an information system extracting data from
chemical properties and as part of a relational classification system. The discussion
(chapter five) discuss how post-sorting is a tool of — and part of a larger information
infrastructure of (un)knowing waste. Chapter six wraps together the thesis where the
question of wheatear post-sorting is installed as tool for retrieving waste, but not able
to restore quality.

11



2 Literature review

This literature review employs a narrative approach (Baumeister & Leary, 1997;
Bryman, 2012), appropriate when the goal is to develop theoretical perspectives and
apply existing frameworks to novel empirical domains. Narrative reviews suit
interpretive research which seeks “to enrich human discourse by generating
understanding rather than accumulating knowledge” (Bryman, 2012, p. 110). Where
systematic reviews test predetermined hypotheses through comprehensive coverage,
narrative reviews enable theory development through iterative engagement with
literature discovering conceptual connection that emerge through analysis rather than
being specified in advance (2012).

This approach builds on the preliminary report on post-sorting and the political
dimensions of waste management in Copenhagen (Sether, 2025) where Susan Leigh
Star's (1999) relational infrastructure framework was briefly discussed. The narrative
literature review aims to foreground concepts and terms relevant for the later analysis.
It seeks to build a foundation for understanding post-sorting as an information system
part of an information infrastructure.

While allowing room for interpretive flexibility, following a semi-structured
documentation practices incorporating systematic review elements to ensure
transparency and facilitate iterative analysis of the selected literature. This was done to
balance theory development with methodological rigour.

2.1 Search strategy and selection
The main literature search was conducted February and March 2025, combining

database searching (Scopus, Web of Science, ACM Digital Library, JSTOR), search
engine search (Google Scholar) and citation chaining.

Search procedures and selection decisions were documented in Excel tracking: (1)
search terms and queries; (2) retrieved sources with small inclusion/exclusion
justification; (3) included sources with notes and snowball citations. The excel sheets
can be found in appendix A. This documentation serves dual purposes: enabling
transparency about literature selection (Bryman, 2012) and supporting iterative
organisation as conceptual connections emerged through analysis. Selection prioritised
theoretical relevance over geographic or disciplinary boundaries, while acknowledging
the contextual differences of waste composition and management globally. This
explains inclusion of Harvey's (2017) Peruvian waste infrastructure study to show how
Star's (1999) relational infrastructure framework can be applied to waste systems. This
facilitate for understanding how infrastructure is more than just wires and pipes, roads
and rails, engaging a more ecological approach for studying infrastructures.



2.2 Theoretical framework for understanding post-sorting

Infrastructure is commonly understood as facilities and services operating in the
background of society, “as a system of substrates” (Star, 1999, p. 380) facilitating
everyday life. The term infrastructure often evokes material connotations necessary for
human activity (Bowker et al., 2009; Howe et al., 2016) such as roads, wires, pipes and
such, being “matter that enable movement of other matter (Larkin, 2013, p. 329), or
waste-related; enabling movement of unwanted matter. This material-centric
characterisation is however inadequate for understanding and analysing complex
sociotechnical systems.

Infrastructure studies has developed as an interdisciplinary field drawing from the

history of technology, science and technology studies, information science and
anthropology (Ruhleder & Star, 1996) and establishes a diverse and inclusive method
for understanding how infrastructures are built, maintained, experienced and contested
— moving beyond the material-centric view. Infrastructures are composed of
sociotechnical networks, it is therefore relevant to regard infrastructure studies as a field
emerging in dialogue with large technical systems theory (Hughes, 1987), which
examines how sociotechnical systems are build and stabilised by system builders and
how these large systems are shaping society by encompassing social, material and
technical components that very often are difficult to change due to capital, spatial and
temporal investments. Large technical systems develop what Hughes (1987) terms
technological momentum. This means that as investments, expertise and institutions
accumulate the system becomes increasingly resistant to displacement, excreting what
Sovacool et al. (2018) describe as a soft form of determinism, which constrains human
agency in relation to the system. However, as Offenhuber (2017) notes in his book
Waste is Information, the large-technical systems perspective asserts a form of user
reductionism, focusing on the builders and macro-technical arrangements while leaving
users practices and experience in the background.

Following this relational understanding of infrastructure Ruhleder andStar (1996)
shifts focus from the material objects to infrastructure as relational asking “when — not
what is an infrastructure” (p. 113). Analytically the focus is not only on the material
substrates but examining the associations and interactions that constitute infrastructure
in practise. This approach emphasises among other aspects on how infrastructure is
embedded in social arrangements, built on an installed base, and becomes visible upon
breakdown (Star, 1999). Ruhleder and Star (1996) does a fundamental
reconceptualisation of infrastructure by analytically treating infrastructures as
relational: the (in)visibility of infrastructure is dependent on one’s position or situation
within the sociotechnical systems. Waste infrastructures remain largely invisible to
citizens until breakdowns; for collectors and operators it constitutes a material
workplace; for regulators and managers, infrastructure manifests as performance data
and governance metrics. Analytically, this approach examines the associations and
interactions that constitute infrastructure in practice, emphasising how it is embedded
in social arrangements, build in and installed based, and becomes visible upon
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breakdown (Star, 1999). Bowker and Star (1999) extend this by demonstrating how
classification systems are embedded in infrastructure, ordering social life, distributing
work and showing what becomes visible or is made invisible, calling to study the
unstudied by examining what standards and classifications do, who performs that work
and what happens to cases that does not fit. This points to the political acts of
classification systems organising infrastructural decisions and visions.

2.2.1 Envisioning the future infrastructure

Larkin (2013), echoing Bowker and Star (1999) by drawing from Foucault (2008)
conceptualisation of governmentality arguing that infrastructure reveal certain political
rationalities that underlie technological projects. Larkin (2013) explicitly complements
the political inquiry by focusing on the poetics of infrastructure seeking to understand
infrastructural elements as semiotic objects by bringing attention to how political
decisions might be constituted through different means, in line with what Walter
Benjamin (1999 in Larkin, 2013) conceptualise as the collective fantasy of society.
Seeing post-sorting through the lens of governmentality means analysing what
knowledge the system produces of the citizens and how this knowledge reflects the
citizens — constructing normative ideals where citizens align against these governed
ideals. Then, the collective fantasy is refereeing to the recycling vision materialised in
the post-sorting technology being framed as a tool for retrieving recyclable materials,
representing the green circular future, while at the same time being a symbol of
technological progress.

In their article Howe et al. (2016) attends the temporal paradoxes for understanding
infrastructure — thematised as ruins, retrofit and risk — by the multifaceted capacity and
orientation of spatial, temporal and social elements forming and being formed.
Retrofitting in relation to infrastructure is an attempt to bridge timelines, discovering
the instability in what was presented as a stable infrastructure. Because as Ruhleder and
Star notes infrastructures are layered and complex, change must occur in modular
increments involving negotiation with other aspects of the system (1996). Edwards et
al. (2009) in their work on “An Agenda for Infrastructure Studies” they point to visions
about infrastructure to be future proof and universal, while yet real-world systems are
always vulnerable and particular. Further, pointing to how infrastructures are inscribed
with human values and norms (2009). The complexity of infrastructure is located here
in the paradoxical nature of infrastructure, exemplified by how some infrastructures are
intended to mitigate risk but from this mitigation work new risks arise (Howe et al.,
2016). Analytically this requires foregrounding the seemingly backstage work (Star,
1999), where studying infrastructure in the making require what Geoffrey Bowker
conceptualised as infrastructural inversion (Bowker, 1994 in Ruhleder & Star, 1996),
where it the political, ethical and social choices that has been made to develop and
sustain infrastructure should be analysed (Bowker et al., 2009).

In this thesis infrastructure and information is treated as inseparable. This means that
information infrastructures are embedded in material systems and materials systems are
constituted through informational arrangements (Bowker et al., 2009; Hanseth &
Monteiro, 1997). Establishing information infrastructure is a sociotechnical process in



which technical standards depend on organisational arrangements, policy decisions and
practices to structure what becomes possible and what stabilises.

Hanseth and Monteiro (1997) demonstrate this through their study of the Norwegian
health information infrastructure, showing how standards inscribe programmes of
actions for its users while delegating roles and competences across actor-networks
(Latour, 1992). Crucially, inscriptions vary in strength, something Hanseth and
Monteiro (1997) makes explicit in their study, where some objects inscribe
weak/flexible programs and others inscribe stronger/inflexible programs.

2.2.2 Waste Infrastructure

The waste system can roughly be divided into waste generation, source/household
sorting, collection, transportation, treatment (post-sorting, more transportation),
recycling, incineration and landfill. The subsystems are context and goal dependent,
meaning that they are dependent on the regulatory frameworks, market structures and
sociocultural factors (Marciano & Sciullo, 2025) acting to categorise, order and classify
waste.

This multifaceted and relational structure of waste management is dependent on
historical, scientific, social and political dimensions connected to the many aspects of
life (Offenhuber, 2017). Waste infrastructure from this perspective exemplifies
Ruhleder and Star's (1996) relational understanding of infrastructure, though also
pointing to the continuous work required for infrastructures to be maintained both
functionally but also invisible (Alleblas & Hofbauer, 2024). Harvey (2017) applies
Ruhleder and Star (1996) relational approach to infrastructure in their attempt to
articulate a new infrastructural waste system in the city of Cusco in Peru. Harvey (2017)
examines this by exploring how waste systems become infrastructural through practices
making them seamless for some actors while contested for others. Ruhleder and Star
(1996) shows how infrastructure appears when the tension between the local and global
is resolved by a large-scale technology operating as a relational device, e. g. how sorting
practices is connected to global recycling markets, or how proposal for a pension rise
might trigger a change in nonhuman behaviour, inviting rats for an all you can eat buffet
in the streets of Paris (Kirby, 2023).

The bin as the private-public interface

Waste is social constructed, it is not a neutral act but negotiated and situational —
“what counts as work is a matter of definition” (Star, Susan Leigh & Strauss, 1999, p.
9). Household waste sorting occupies an ambiguous position by being framed
simultaneously as a mundane activity while also being framed as a conscious green act,
sought to be naturalised similarly to how household chores were once framed as acts of
love. Sandersen (2025) terms this green act as post-consumption work: the tactile,
material and organisational labour of cleaning, sorting and storing waste that constitute
a vital but often made invisible link in the recycling infrastructure. Further advocating
for a translational approach to how citizens are being referred to, as there is no end-
consumer in a circular economy, concluding with the need to make the citizens
participants in this transition. Because the citizens according to Sandersen (2025)
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should not just be mere passive receivers of green concepts and policies but actively
included and recognised as co-producers — in the end the everyday practices of citizens
either sustain or disrupt the classification system which the infrastructure depends on.
The household bin materialises this classification labour infrastructurally — being
present in every dwelling, diapering into domestic routines until breakdowns (snowfall,
strikes, smell or the overflowing container). By adopting a bin-centred approach
Chappels and Shove (1999) adhere to the ecological principles encouraged by Ruhleder
and Star (1996) to study interaction and materiality to understand emerging
relationships, shifting responsibilities and meanings formed by and through the bin.
Drawing concepts from other sociotechnical analysis of how users are configured by
the technologies they use (Woolgar, 1990 in Chappels & Shove, 1999) and how certain
technologies script their own use through the notion of inscription (Akrich, 1992).
Chappels and Shove (1999) analyses how the bin structure and order households’ waste
practises, and what actions and behaviours bin technologies constrain or encourage. In
a chapter in the book Infrastructural Being by Loikkanen et al. (2022), conceptualise
the bin as an interface of translation — sustaining the ontological shift of waste being
unwanted matter to be removed, translated to a resource to be recovered. This shift is
of course supported by a classification systems, policies and framing.

While bins and classification schemes have a “program of action” (Latour, 1992)
however the user for many reasons may or may not follow these inscriptions. Focusing
on waste bin inscriptions risks overstating it capacity to determine behaviour in
isolation. A study by Katan (2022), based on ethnographic research in Copenhagen and
Vejle demonstrate that waste sorting is not an activity constituted by effort alone, nor
infrastructural design. Instead, sorting is evaluated in relation to activities such as
cooking or cleaning, often being a secondary practice. Therefore, sorting waste in
multiple, and new categories might complicate the classification. This requires
negotiating effort since waste sorting is occurring at the same time as cooking. From a
practice theoretical view this shifts attention from infrastructure as a scripting device to
infrastructure as something that also must align with knowledge, temporal and spatial
organisation of everyday life to navigate classification systems, beliefs and myths about
waste handling and recycling.

The everyday practices of the growing infrastructure are in waste terms what anchors
the individual to the civic society, being doubly structured by being bound to the public
and private at the same time the bin is a container of cultural, social and technical
significance constituting an interface for households and waste collectors (Chappels &
Shove, 1999).

Centralised sorting technologies

Post-sorting enters as a corrective actor within a waste regime framed moving
upwards in the waste hierarchy (ARC, 2026), thus moving upwards does not necessarily
equal moving away from incinerating waste or preventing waste (see figure 2 for the
EU waste hierarchy). It is primarily shaped through policies and rhetoric’s where the
goal is to shift the ontological status of waste from unwanted matter to be removed to
value which can be retrieved (Eriksen, 2022). Here, in relation to the waste bin, the
citizens interacting with it can be thought of as infrastructure or at least integral to a
recycling infrastructure, doing infrastructural work by performing everyday waste
sorting work (Loikkanen et al., 2022; Chappels & Shove, 1999; Sandersen, 2025).



Then, in relation to the ontological shift post-sorting technical capabilities might
complement the policies and rhetoric’s of moving upwards in the waste hierarchy.

Where source sorting practices delegates classification work to households
(Chappells & Shove, 1999; Corvellec et al., 2018; Loikkanen et al., 2022), post-sorting
systems rely on a combination of mechanical and sensor-based technologies to identify
and separate materials within heterogenous waste streams. Rather than providing an
exhaustive technical account, this section highlights those aspects of sorting
technologies that are analytically relevant for understanding how waste is classified in
practice.

A

Prevention
Product (non-waste)
Waste
v Preparing for re-use
Recycling
Recovery
Disposal

Figure 2: The EU waste hierarchy. Materials are classified as waste before preparing for
re-use. https://www.eea.europa.eu/en/analysis/publications/reaching-2030s-residual-
municipal-waste-target-why-recycling-is-not-enough/waste-hierarchy-as-per-the-waste-
framework-directive

A central component to sorting facilities in this thesis are near-infrared spectroscopy
(NIR sensors), which enables the identification of materials based on their spectral
signatures. NIR technologies combine optical sensing and computational (algorithmic)
classification to identify materials based on spectral signatures from the materials.
Guadupalli et al., (2017) conducts a technical review on automated sorting of source
sorted waste, where they explain how NIR sensors operate in practice by capturing
reflected light from the materials across specific wavelengths. The resulting spectral
data is processed in real time to classify waste, which are then physically separated
using automated mechanisms such as compressed air nozzles.

This process enables high-throughput identification of material types, particularly
for plastics, where different polymers exhibit distinct spectral responses. Cimpan et al.
(2015) find that sorting technologies have “reached a high level of maturity” (p. 197)
and that state-of-the-art facilities can produce high-quality products even though the
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waste is mixed and contaminated. Cimpan et al. (2015) also point to what they refer to
a legal issue where plastic and beverage cartoons retrieved from residual waste cannot
be recycled and used to produce food waste packaging. Though this is according to
Cimpan et al., (2015) not a large problem as most plastic is not recycled as food
packaging. Whether this constitute a problem or not is dependent on what the question
is. If the aim is high recycling percentage than this is a minor problem, however if the
aim is circularity, then the overall aggregated metrics might obscure the circular
realities (Bugge & Fevolden, 2019). How the waste is sorted will impact the quality of
the recycled material, and this quality Faraca et al. (2019) identifies as the driving force
for a circular economy where “better recycling” may be preferable over “more
recycling” (p. 307).

Classification boundaries

However, the classificatory capacity of these systems depends on the legibility of
materials within the spectral domain. Certain materials — such as stainless steel, black
plastic, multi-layer composites, or items with surface contamination — either absorb or
distort the reflected signal, rendering them difficult to detect or distinguish reliably
(Faraca & Astrup, 2019; Gundupalli et al., 2017; Turner, 2018). These classification
failures result according to Faraca and Astrup (2019) to NIR scanners being relatively
ineffective due to the mixed composition and a high quantity of the materials being of
the colour black. This highlights that classification in post-sorting is not solely a matter
of material composition, but of detectability within a given sensing regime. Materials
that fall outside these detection limits are not absent but become operationally invisible
to the system. As a result, they are bound to be (re)classified as residual waste, due to
technological constraints, complex material composition, and heterogenous and
dynamic waste stream. Faraca and Astrup (2019) points to the need for upstream
initiatives to minimise the impurities in the waste stream, placing the design
responsibility on producers to achieve material homogeneity in the production phase,
while emphasising the need for political decisions to facilitate a transition to a circular
economy through legislation or economic incentives.

Waste classifications across scales

Classification is not a neutral act of ordering but a constitutive practice that shapes
what exists, what is actionable and who bears responsibility for what. Bowker and Star
(1999) demonstrates that classification systems are historical and political constructs,
with origins from work and organised activity including conflicts over meaning that
occur when multiple groups contest the nature of a classification system and its
categories. A local illustration is the Danish movement 1spand.nu, analysed in Sether
(2025), which contests Copenhagen’s current ten-category sorting system by
advocating for centralised technological sorting — arguing that waste classification is
apolitical and should be delegated to machines. This claim is itself a classificatory act
by framing waste as apolitical. 1spand.nu attempts to remove the question of how waste
should be sorted, and relocate it to advanced technology, outsourcing responsibility to
a centralised technology. These conflicting visions are however important to
acknowledge and not just decline, it also confirms Bowker and Star’s (1999) point that



classification systems are not given but contested and constructed by someone ordering
their version of reality.

The question of who classifies waste is inseparable from the question of what is
waste and what it should become. Bowker and Star document such categories across
classification systems — diagnosis classification, bureaucratic forms, statistical
reporting — finding them ubiquitous yet often invisible. They argue that “[i]t would be
extremely difficult to envisage a time when there would be no need for these categories”
(Bowker & Star, 1999, p. 149) because real-world complexity inevitably exceeds
categorical boundaries. Residual categories serve a function despite appearing
problematic — they contain classification uncertainty since “forcing a more precise
designation could give a false impression of positive data” (Bowker & Star, 1999, p.
150) of both physical waste materials but also quantified data entries.

A classification system is spatio-temporal segmentation of the world, being a set of
boxes (metaphorical or literal) where concepts or things can be placed to do some kind
of work. The ideal classification system as defined by Bowker and Star (1999) have
consistent and unique classificatory principles in operation, where the categories are
mutually exclusive where the addressed object will fit neatly and uniquely. Lastly the
ideal system is also complete, meaning that the system covers the world it describes in
its totality. They however immediately note “[n]Jo real-world working classification
system that we have looked at meets these ‘simple’ requirements and we doubt that any
ever could” (1999, p. 11). Waste classification exemplifies this difficulty across three
relational layers — household, facility, market — each applying different classificatory
logics to the same materials.

Translating waste to information
From a multidisciplinary perspective Howe et al. (2016) stresses the importance of

studying the generative potentials of infrastructures, focusing on the material and
conceptual factors. The analyses infrastructures by understanding the paradox of
retrofitting through birding temporalities, where they (2016) study understand
infrastructure through an interdisciplinary lens (academic bridgework), understanding
infrastructure as fluid and active shaped and infused by social meanings and reflective
of larger prioritise. As such the technical classification capabilities is not only a
technical question but also a political one — determining which materials to be retrieved
and what to not retrieve, which waste becomes visible through data and what to render
invisible (Offenhuber, 2017). This selectivity does not occur by accident. The
technologisation of ‘modern’ waste infrastructures are designed and maintained to
reside in the background. Alleblas and Hofbauer (2024) argues the infrastructural
innovation in the waste sector is excluding philosophical and ethical questions of waste
as a concept and infrastructure design, instead focusing on technological efficacy and
optimisation. Post-sorting enters inside this imaginary of the tidy city, with the
assumptions that there is value to be retrieved and ordering to be done, from the residual
category because of human classification failure. Yet sustaining the waste imaginary of
removing unwanted matter out of sight, to some extent offering the citizens with a
centralised tool to handle to sort the most unpleasant and greasy materials. Gille
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(2007)also point to the intentional and unintentional production of complex materials
not fitting the current relatively mutual exclusive classification system which makes
data production of waste more complicated.

The classificatory outputs from the post-sorting does not remain within the facility.
These are translated into weight measurements of material categories and types, the
calculative technologies of quantification enable governance at distance (Porter, 1995).
The weight numbers of travels from facility bunkers to municipal offices inscribed in
financial settlements and sorting reports, where local classification systems translate
into global standard systems (Bowker & Star, 1999) facilitating for comparing and
contrasting waste between facilities and states which is explored in depth by Sosna et
al. (2024) in their article on “ecologies of quantification in waste management” (2024).
Porter (1995) argues that quantification is a technology of distance, collapsing
qualitative measures into standardised numbers representing a mechanical objectivity,
to be acted upon from afar where the political and technical choices are made invisible
by being embedded in measurements. This choice is not neutral, following Alexander
and O'Hare (2023) ways of unknowing waste through calculative technologies the act
of measuring weight confirms the character of waste rather than opening alternative
material trajectories. Thus, data about is an act of classification, municipal waste versus
industrial waste, data production of waste is making waste invisible (Alexander and
O'Hare, 2023; Gille, 2007; Sosna et al., 2024), prioritising quantification of waste risks
undermining questions about what happens to the waste, what does it become and how
does it become something else, and what are the purposes of this ‘something else’.
Examining these questions forces us to engage in sensory labour, creating knowledge
of materials and why they are discarded, one way of doing this by engaging in sensory
labour categorising waste (Lehtokunnas et al., 2026)

In their study on sorting technologies Victor et al (2025) explores the political
descisions of installing recycling technologies. In their analysis, Victor et al. points to
the lobbying activities done by the fossil industry and plastic industry against
regulations on plastic as these industries believes that there is great economic potential
within the circular economy branding. they point to the excessive resource needed for
recycling materials, exemplifying how recycling can be a temporal technology of
(un)knowing waste.

Applying Alexander and O’Hare’s (2023) technologies of (un)knowing waste —
spatial, temporal and rhetorical. This infamous ‘mountain’ at Amager materialises how
new innovations might act as technologies of (un)knowing — translating waste
incineration into leisure and consumption, celebrating waste-to-energy, but entangled
in a large infrastructure now reliant on constant throughput of waste. Taking shape as
a multi-dimensional technology, where waste is spatially removed, temporarily stored
— until there is enough waste to ‘feed the beast’ — aesthetically integrated as a symbol
of leisure and modernity, where amount of waste is measured on entry and after
incineration (residual of residuals) — making the consequences of mass consumption



invisible through politics and poetics of infrastructure (Larkin, 2013) where the
calculative apparatus of the coming post-sorting (retrieved recyclables) system sustains
the collective fantasy of a circular and “tidy city” (Alleblas & Hofbauer, 2024, p. 294).

2.2.3 Waste management in lock-in

Infrastructure development, innovations and retrofitting — both macro (Corvellec et
al., 2013) and micro (Chappels & Shove, 1999) decisions and actions — might create or
sustain infrastructural lock-ins affecting the whole waste infrastructures. Lock-in and
governance are analytically intertwined, as governance arrangements shape how
infrastructure is stabilised, reproduced and transformed. Corvellec et al. (2013)
demonstrate how incineration operates as an infrastructural lock-in of the Gothenburg
waste system and this method inhibit the development of other modes of handling
waste. In their (2013) study they analyse the infrastructural lock-in by applying four
rationales serving as general heuristics to investigate whether a lock-in is involved and
which methods could be used in unlocking the infrastructure. The four rationales
applied are: institutional, technical, cultural and material. These rationales mutually
reinforce — legal requirements favour energy recovery; investments in incineration as
sustainable; physical infrastructure connects waste collection to district heating pipes.
Lock-in is defined by Corvellec et al. as following “today’s solutions are constrained
by yesterday’s choices, even if these choices have lost their relevance and even if new
alternatives have emerged” (2013, p. 33). To methodologically study lock-ins requires
describing the current state of infrastructural development and regarding technological
systems as material-semiotic, meaning that they are neither purely social nor purely
technical (Corvellec et al., 2013).

Bugge and Fevolden (2019) in their case study of waste treatment is Oslo
demonstrate how massive investments in physical infrastructure — optical sorting
(NIR); biogas facility; incineration plant — provides strong incentives for a more
sustainable form of waste treatment. Furthermore, in their case study they problematise
the fact that the same infrastructural investments also require a steady throughput of
waste, reducing incentives for moving higher in the waste hierarchy (prevention-stage).
This exemplifies a tension between problem solving which in this case refers to
optimising the existing system and problem setting which poses more systemic question
e. g. whether investments in advanced sorting systems and recycling infrastructure the
appropriate goals, versus the upstream solutions of waste prevention are. Oslo's 50%
recycling target “may contribute to the formation of a lock-in of the recycling stage in
the waste hierarchy” (Bugge & Fevolden, 2019, p.104), questioning if such targets have
any impact on waste prevention and if targets incentivise meeting metrics rather than
achieving circularity. Post-sorting potentially creates a similar lock-in: facilities require
residual waste throughput, creating economic disincentive to reduce waste streams.
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2.3  Summary

The literature review has established a theoretical basis for analysing post-sorting as
part of a layered and relational classification system, where the material, social and
technical aspects of the waste infrastructure are analysed as an information
infrastructure. Where post-sorting extracts material information from chemical
compositions and translate this to information. The current waste infrastructure is
dependent on household classification work (Chappells & Shove, 1999; Katan, 2022;
Loikkanen et al., 2022; Sandersen, 2025), pointing to the relational character shaped by
the material, organisational and informational dimensions of infrastructures (Chappells
& Shove, 1999; Edwards et al., 2009; Harvey, 2017; Loikkanen et al., 2022; Sandersen,
2025; Star, Susan Leigh & Ruhleder, 1996). In relation to waste infrastructures
inscriptions operates at the household level, waste industry layer and recycling market
layer. Waste bins inscribe household sorting categories through material and social
dimensions. NIR sensors inscribe classification logics programmed by specialists and
determined by market demands for material type and purity. Market standards inscribe
purity requirements determining what post-sorted materials can be turned into. Each
inscription distributes labour, responsibility and visibility differently. Harvey (2017)
demonstrates how waste infrastructure produce disjunctive rather than seamless
connections. This could be relevant for this thesis when regarding post-sorting as an
assemblage of heterogenous elements: NIR scanners, organisations, classification
algorithms, household sorting practices, recycling ambitions and environmental
rhetoric. Envisioning post-sorting as a relational device requires examining how these
elements cohere — or fail to cohere — as infrastructure. Where Alleblas and Hofbauer
(2024) points to waste infrastructures in high-income countries to be designed invisible
in the imaginary of the tidy and circular city. This constitute a layered and relational
infrastructures which will be examined further in this thesis.

Corvellec et al. (2013) analysis how wate management in Gothenburg is locked-in
to incineration. They apply four rationales to describe the current situation, then
suggests how to unlock the waste infrastructure from incineration. These four rationales
are analytically relevant for understanding why post-sorting enters Copenhagen’s waste
infrastructure as a supplement to sorting practices operating in relation to the large and
technological advanced, aesthetically designed incinerator Amager Bakke.

An alternative approach

Where the relational perspectives render infrastructure visible through breakdowns
(Star, Susan Leigh & Ruhleder, 1996), Seberger and Bowker (2021) proposes a
humanistic dimension for studying infrastructures. This thesis does not pursue their
approach but acknowledging it as a mode of studying functional infrastructures. Their
concept of hyper-functionality suggests that a working infrastructure can also make
users visible to themselves — exposed to their own (in)actions through a functional
infrastructure.



3 Methodology

The following chapter elaborates on the research approach and collection of data.
Post-sorting is treated as an instrumental case, a classification system sought to order
the unruliness and uncertainty of the residual waste stream. The waste stream treated
as historical and social contingent. Since the facility is yet to be constructed, post-
sorting cannot be studied in operation; Romerike Avfallsforedling IKS (ROAF)
therefore figures as an analogical case. Data is collected through interview and
documents, analysed thematically together.

3.1  Philosophy of science

This thesis is rooted in the interpretivist stance to understand post-sorting as part of
an information infrastructure where the social practices and divisions of labour are not
predetermined but constructed and maintained through action and interaction
(Orlikowski & Baroudi, 1991). This shared and constructed social reality can therefore
not be discovered but has to be interpreted. Interpretivism has a long tradition of
rejecting positivism and therefore refrains from any form of (positivist) generalisation
of'a phenomena, rather seeking to understand a phenomenon based on descriptions and
experiences of the world through a theoretical understanding used to inform other social
worlds (1991).The ontological position of this thesis is constructivist, treating materials
that become waste as something that is produced through categories of meaning that is
socially and politically constructed and contested.

Waste presents itself in statistics, it is quantified and aggregated, often
communicated in total amount of waste produced per capita, municipal, state, etc.
Waste is historically contingent: how it is managed — be it for sanitation, as energy, for
the environment, as resource; how it is presented, talked about, framed; how waste is
classified (or not). Then, managing waste is seen as a public good, something that some
would argue should be outsourced to technocratic decisions and solutions (Alexander
& O’Hare, 2023), or at least something which is neutrally managed. The interpretive
researcher scrutinises these conceptions by immersing themselves into the context —in
this case the anticipated sorting technology of residual waste — gaining and producing
knowledge about how people and information systems impact each other through
relational meaning making (Cecez-Kecmanovic, 2005). Although being rooted in the
interpretive stance, drawing from critical theory on Information Systems allows me to
analyse information system beyond their technical and economic rationales (2005).
Bowker and Star (1999) confirm “that all information systems are necessarily suffused
with ethical and political values, modulated by local administrative procedures” (p.
321) — meaning that classification systems and information systems are not neutral but
actively shaping the social world it seeks to encompass.
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3.1.1 Positionality statement

The author academic background originates from the Humanities, holding a
bachelor’s degree in Digital Culture from the University of Bergen. This foundation
directs the analytical focus toward the intersection of social, cultural and technical
sustaining a relational understanding of infrastructures. Waste is often studied from an
anthropological or a technical perspective, this thesis through the authors background
studies waste from an Information studies perspective, focusing on how waste is
classified — both physical and informational.

3.2 Method

This thesis adopts a qualitative research approach, where meaning and context is
interpreted as central to examine how post-sorting technology functions as an
information infrastructure. To gain understanding of post-sorting technologies, actors
working with system design, policies and technical operations have been interviewed,
and documents interpreted as meaningful and relevant have been included.

3.2.1 Instrumental case

This study adopts an interpretive, instrumental case study design (Stake, 2003) to
examine post-sorting. The case is not defined as a single observation but studies post-
sorting in Copenhagen as an infrastructure-in-the-making, where the anticipated facility
is studied as part of the broader system managing waste. Following Stake (2003), the
case is used instrumentally to generate insight into how classification, data production
and infrastructural relations are configured within and by the post-sorting system, rather
than to provide an intrinsic account of ARC as an organisation. This reflects an
understanding of infrastructure as relational and embedded, following Ruhleder and
Star (1996), where infrastructures are constituted through their integration with existing
practices, technologies and institutional arrangements.

The anticipated post-sorting technology at ARC enters as a new subsystem with the
intentions of retrieving recyclables (ARC, 2026na). Thomas Hylland Eriksen (2022)
emphasises that all infrastructure is built with a purpose. However, due to its modes of
organisation there are always unintentional side-effects, because “the territory is always
more complex than the map” (Eriksen, 2022, p. 205). Considering the political tension
regarding sorting practices in Denmark it is relevant to consider the potential
consequences of implementing post-sorting as part of the sorting system and how the
subsystem might affect other subsystems part of the waste infrastructure. Studying post-
sorting in its anticipatory phase allows examination of how technology is framed,
justified and sought embedded in existing infrastructure before it its operational
realities are materialised.

Because ARC'’s facility is still under construction, it cannot be studied in operation.
To understand how post-sorting technologies work, ROAF outside Oslo was visited
and later interviewed as a reference point — an operational facility that uses the same
NIR technology (Tomra Autosort), operates under a comparable inter-municipality
governance structure, and depends on household sorting. ROAF is not analysed as a



case in its own; Rather, the visit and interview made it possible to learn how technology
classifies waste, how operators maintain it, and how the facility relates to household
sorting, recycling markets and a heterogenous waste stream.

Using ROAF as a reference requires acknowledging the contextual difference.
ROAF separate plastics centrally from the residual stream, whereas Copenhagen plans
on collecting plastic separately under the ten-category system. ROAF serves 225,200
citizens in smaller municipalities outside of Oslo (not Oslo), contrasting to ARC’s and
Copenhagen’s dense urban area. ARC is co-located to Amager Bakke, ROAF does not
operate their own incinerator. In Danish debates ROAF has been invoked as evidence
that waste can be sorted centrally without (or much less then in Denmark atleast)
household sorting.

3.2.2 Data collection

Semi-structured interviews

The primary data was gathered in conversational settings — physical and digital. The
interviews where all semi-structured and considerations were made in regards of the
interviewee’s situation or role, meaning that how the questions were asked varied
slightly from interviewee to interviewee. The reason for doing this is to understand the
positionality of the interviewee, reflecting the interpretivist approach which
philosophically guides this thesis. However, following Bryman (2012) the interview
questions were constructed to answer the research questions without being to specific
and narrow. The questions differ based on the actor’s context, relation and experience
with sorting technologies, but also in relation to when the interview was conducted,
reflecting the researchers position and knowledge about the topic (interview guides in
appendix B). Previous knowledge from interviews in combination with theoretical and
empirical readings of infrastructures, classification and waste influenced the interview
guides as well. Adjusting the interview guide can be a threat to standardised information
gathering if the aim is hypothesis testing, though this study is not doing that, and
following Brinkmann and Kvale (2018) adjustments might result in a more in-depth
understanding of the topic inquired. The questions where a mix between open-ended
and direct, where probes where either predicted or were constructed during the
interview. Lastly, the guide where semi-structured which means that the setting should
feel more as a conversation of meaning making rather than a structured one-way
interview, this might lead to new and unexpected knowledge about the topic.

Three interviews were digital, ReSource Esbjerg early January, ROAF early March,
and Banzo late march. The interview with Brancheforeningen Circuler were held at
their offices, where the author invited himself but left them with the opportunity to
decide if they preferred physical or digital (table 1). Reflecting on the modality
differences foregrounds the feeling around how conversing in-person allows for more
interruptions and probing, while the digital mode supports a more one-way approach
where it is more difficult to probe. The digital mode however facilitates for reaching
out to actors further away in distance.
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Site observation (Walk-along/tour of ROAF waste facility)

After inquiring about being able to visit ROAF, the author was invited for a one hour
guided tour on February 12" in the afternoon, including a presentation about the sorting
facility which has been in operation since 2014. Erling (pseudonym) from ROAF lead
the tour and held the presentation and was also later interviewed digitally. During the
tour manual sorting by excavators, conveyor belts, NIR sensors and the pneumatic
ejection system, operator workstations and control rooms, sorted material bunkers,
exposed to the continuous stream of waste was both visually and olfactorily
experienced. It was difficult to ask questions during the tour inside the system as
earmuffs with one-way communication from the guide where used. Photographs of the
facility were taken and included in this thesis. Observation served three main analytical
functions: (1) learning about the material and operation realities of advanced sorting
facilities, (2) going beyond the automatic discourse and being exposed to operators
clearing blockages and cleaning sensors, (3) gaining knowledge about spatial
organisation of classification work.

Organisation Pseudonym Analytical function Method & date

ROAF (Norway) Erling Operational realities of running a  Site visit 12.02.26;
post-sorting  facility; household interview 10.03.26
sorting dependency; backstage
labour

Banzo (Netherlands) Johan Technical description of ARC's Interview
facility; market dependencies; the (digital) 03.04.26
facility's relation to incineration

Brancheforeningen Rikke Industry  perspective;  quality Interview
Cirkulaer (Danish) versus  quantity in  waste (physical)
management; broader framing of 12.03.26
the facility
RsSource Denmark, Mikkel Technical foundation on waste Interview (digital)
Esbjerg classification; contamination and 07.01.26

material resistance

Table 1: Brief overview of the interviewees taking part in this thesis. Extended table in
appendix C

Documents

To gain an in-depth understanding of waste sorting, rationales, visions and strategies
documents were included as part of the data collected. The documents included differ
slightly and is therefore not treated as equals, this following Bowen (2009) requires the
researcher to assess the original purpose of the document and its intended audience.
Board meeting minutes from ARC and their webpage where the sorting facility is
presented, technical-marketing brochures from Tomra, and a cost-benefit analysis by
Miljestyrelsen were included. The meeting minutes from ARC provides insight into
ARC:s proses concerning the sorting facility. It complements aspects of what Johan
from Banzo talks about when discussing the anticipated sorting facility. The documents
provide some details about technical specifications. The Tomra documents were
included as they deliver the NIR sensors to all the facilities included in this thesis



(ROAF, Resource DK and ARC). These brochures are analysed as marketing brochures
for technological innovation at Tomra, focusing greatly on digitalisation and the fourth
industrial revolution. The document also points to an interesting and important detail
about Artificial Intelligence integration, where they make a distinction between Al
logic and Deep Learning. As Al logic is already installed in their machine, while Deep
Learning is labelled the next step, where image recognition technology is treated as an
enabler of identifying materials that NIR sensors cannot. Their respective function and
analytical value are briefly explained and pointed to in table 2.

Document title In-text reference Type/function
Board minutes, 9 ARC 2022 Internal deliberation
December 2022 (economic realities, EPR,
quality uncertainties)
Board minutes, 21 June ARC 2023a Internal deliberation
2023 (dual output structure)
Board minutes, 22 ARC 2023b Internal deliberation
September 2023 (EPR conflict, facility
function)
Board minutes, 24 April ARC 2026 Internal deliberation
2026 (household sorting
dependency)
ARC webpage ARC webpage Public presentation of
the facility
Eftersortering af restaffald: Miljestyrelsen National cost-benefit
Milje- og samfundsekonomisk analysis (market
analyse constraints)
DIGITALIZATION: Tomra 2020 Technology marketing
Connect to Enhance (sensors as data devices,
Productivity in the Recycling 1IoT)
Industry
Al in Recycling: Unlocking Technology marketing
New Possibilities Tomra 2025 (Industry 4.0, Deep
Learning)

TABLE 2: Documents selected for analysis. See appendix C for full table where analytical
function is described.

The board minutes from ARC are available online and published seven to eight times
a year. Due to the number of available documents and that some of them contained the
same descriptive information, the documents chosen were based upon a “command +
F” search on the term “sorteringsanlaeg”. Then, the documents which seemed to contain
a certain amount of information about the facility and the process where downloaded.
Due to this searching criterion, there might be information about the sorting facility
which is not found and therefore not covered. There was also a vast amount of
information about other aspect of ARC’s operations that was overlooked. ARCs
webpage provided information about how the sorting facility is officially presented to
the public and was therefore included in the analysis. In combination with the interview
with Johan from Banzo these documents account for ARC’s absence. In addition, both
for technical understanding of waste classification and how sorting facilities sought
naturalised as part of WM Miljestyrelsen (2025) nation-wide cost-benefit analysis on
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effects of sorting facilities for residual waste was included. Interestingly ARC was not
explicitly a case in this report, however they were included in the data material. ROAF
contrary was included — supporting the inclusion of ROAF in this thesis.

3.2.3 Methods for analysis

Thematic analysis is a widely used qualitative method where the aim is to identify
themes and patterns in and across the collected data. There is not just one approach to
thematic analysis, but according to Finley (2021) a ‘good’ thematic analysis goes
beyond immersing oneself in the data set but requires working actively with the data.
Arguing that the method is poorly demarcated, Braun and Clarke (2006) have
formulated a six-phase guideline meant to include a more rigour to qualitative research.
Following Bryne‘s (2022) worked example this analysis considers Braun and Clarke’s
(2019) reflections in their article “Reflecting on Reflexive Thematic Analysis”, where
research subjectivity and reflexivity is central to the interpretation and not something
to excuse. Further elaborating and reflecting on how the subheadings of “semantic or
latent themes” and “inductive versus theoretical thematic analysis” might also be
misunderstood, as they are explained as given the researchers an either/or choice, which
is something they take partly responsibility for based on how the guide was outlined
(2019).

The question of inductive or deductive is not a plain either/or choice. This is because
of the researchers’ assumptions, knowledge and position in relation to the data, as such
the inductive approach cannot be entirely inductive as the data analysed is affected by
their situatedness (Haraway, 1988, p. 583). A deductive and theoretical driven approach
does according to Bryne (2022) lead to less rich datasets. The themes in the following
analysis were generated from the data, but both theory and assumptions infuse the
process in line with the research questions and previous knowledge generated in
previous work (Sether, 2025) In line with Braun and Clarke (2019), researcher
subjectivity is treated as a strength to knowledge production rather than a threat. The
analysis is influenced by a critical approach to Information systems (Cecez-
Kecmanovic, 2005), where the taken-for-granted application of systems is scrutinised.
It is important to note that the critical approach aims to be critical constructive, by
respecting the interviewees statements.

Including documents in the thematic analysis

According to Bowen (2009) documents are suitable to qualitative case studies — in
this case an instrumental case — where the goal might be to provide a rich description.
However, neither Braun and Clarke (2006, 2019) nor Bryne (2022) include any
comment on including documents when they present thematic analysis. Though Herzog
et al. (2025) notes in their literature review on thematic analysis that several researchers
draw from multiple data sources including documents. The role of the documents in
this analysis will be supplementary to interview data. However, it is important to
mention that documents also can be studied as data in their own right, and not just props
for human actions (Prior, 2003) The document analysis combined with interviews
enables a study on what actors say (interviews) alongside official representations
(documents), revealing divergences between internal deliberations, public framings and



operational realities. Documents selections were based on (1) relevance to research
questions (governance, post-sorting technical capabilities, information infrastructure
positioning), (2) filling ARC access gap (board meeting minutes substitute for
organisational interviews and webpage for public presentation), and (3) actor diversity
(technology developer and seller, ARC board and webpage, Miljostyrelsen providing
national institutional perspective on post-sorting of residual waste).

The analytical process

The analysis followed a hybrid approach, where latent and semantic codes were both
prioritised. Bryne (2022) explains that semantic and latent codes can be produced when
meaningful information is interpreted.

The analysis followed the six phases outlined by Braun and Clarke (2006). The first
step is concerned with immersing oneself in the data. In my case the data was
transcribed using the Transcriber® tool afforded by AAU. The transcripts were read, and
audio was listened back to while correcting mistakes by the transcriber tool. This
constituted the familiarisation phase. Recoding the audio of an interviews is considered
an abstraction of body language. The process of transcribing is then considered a
secondary abstraction work, where the participants’ tone of voice, breathing and
intonations are lost, leaving transcripts as a poor and decontextualised account of the
conversation (Brinkmann & Kvale, 2018). Despite the levels of abstraction, it is still a
representation of the conversation, and importantly these are analytically driven
decisions which already started during the interview process where decisions on what
to ask and what to follow up where made.

The selected documents were searched based on insights prior to - and knowledge
gained through — conversations with the interviewed actors. Following Bowen (2009)
the documents where integrated in the same codebook as the data extracts from the
interview transcripts. Codes were applied to the documents analytically positioning the
documents as supplementary to the transcripts. The documents regarding ARC were
used as a stand-in for ARC since it was not possible to arrange a visit or an interview
with someone from ARC. The Tomra document was analysed after learning from
Banzo that ARC will deploy Tomra Autosort 5 technology, same as ROAF. There are
multiple configurable add-ons available to this technology, which is dependent on
waste stream and economic prioritisations.

Iteratively initial codes were developed to identify features in the data relevant for
the analysis. Codes where generated both by the semantic meaning and the latent
meaning of the data excerpt to represent the setting and knowledge generation in a
meaningful way. Considering the preceding analysis in Sather (2025) some
assumptions where present in the sensemaking process. This can be traced to who is
being interviewed, but also through the analytical focus being concerned with
responsibility, trust and practices relating to the political dimensions and relationality
of infrastructure. Excel was used to maintain order and readability of the data excerpts
and the codes; these files are also attached as appendices for transparency of the quotes
extracted, coded and thematised (see appendix D for data set).

¢ A dedicated project folder was created for this thesis based on recommendations AAU. After
transcriptions were downloaded every file were deleted from the Ucloud service provided by
AAU https://hpc.aau.dk/ucloud/guides/application-guides/transcriber/
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The phases of searching, reviewing and naming themes where integrated as part of
an iterative process. This was partly due to my preexisting knowledge and assumptions
about the topic, but also a deliberate choice of working interpretively with the data.
This might have resulted in overlooked aspects of my dataset because of my previous
gained knowledge on the topic. However, this knowledge in relation to my assumptions
resulted in a transparent coding process, where the researcher’s notes and thoughts is
included where it was interpreted as needed.

3.2.4 Ethical considerations

Participants were informed with the research purpose both in the mail
correspondence, conversation prior to the interview and through a consent form. The
participants signed the forms and gave verbal consent to participation, recording and
transcription. Participants are referred to by pseudonyms — Erling, Johan, Rikke and
Mikkel — and are identified by their organisational affiliation and sector role rather than
by personal detail or job title — they are all treated as experts within their domain
respecting their professional position and knowledge. The analysis prioritises the
actor’s institutional knowledge and organisational position.

Transcription and Translation

Transcriber software by AAU were used to transcribe all interviews, transcriptions
were outsourced in its totality. However, the transcripts were read while listening to the
audio files, then read again when collecting data extracts for my analysis. This
outsourcing was done with the intention of saving time, though when doing this there
is a risk of a sense-making gap, because I am not fully immersing myself in the data.
This is justified through reading and listening back on the transcripts while having in
mind that the transcriber tool is not a neutral tool but constructed based on algorithmic
logic and predefined datasets.

Claude by Anthropic assisted me in translating parts of the quotes and served as a
helper for finding synonyms. Since some of my data was in Danish it was at times
helpful collaborating on finding the most suitable translations. This was done mindfully
by being careful with, sharing large data extracts. The use of generative Al has been
mindful during the whole thesis period. While the sharing data button for training
purpose were disabled, acting cautious should always be the priority when handling
confidential data. The AI question becomes very acute in relation to classification,
consumption and waste accumulation. In line with Crawford (2021) this thesis does not
separate technology from its ethical, material and social conditions. The material
requirements dry out lakes, and whereas the models require training data where workers
are in some cases paid the bare minimum and exposed to large amounts content — often
appalling and gruesome. These infrastructures can to some extent be compared to waste
infrastructures rendered backstage, where efficiency, optimisation and progress is
foregrounded. Noting that this is not a resolution but rather an acknowledgment that the
use of Al tools in research is a classificatory act.



3.2.5 Limitations

ARC was repeatedly (since October 2025) and respectfully contacted about an
interview and/or a visit to their current facility. Since the post-sorting facility is yet to
be constructed it would not be able to study it in operation. Considering the limited
access to the physical ARC’s facility and employees, Banzo were contacted. Another
limitation is how post-sorting technology is understood based on ROAFs operations
which is structurally different to ARC (household sorting difference, urban density,
incinerator location). Therefore, findings from ROAF does not transfer directly in
relation to waste composition. However, but since both ROAF and ARC will use
technology developed by Tomra, the base-technology deployed will be similar (settings
will be configured differently based on practises, materials and targets). Furthermore,
no household data was collected, household data collected, meaning that citizens
sorting, and experience of waste infrastructure is theorised rather than empirically
grounded. Lastly, there might also be a limitation regarding two out of the four
interviews being conducted in Norwegian with Danish speakers. The two languages are
similar, and if something was unclear clarifications were made.
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4  Analysis

The thematic analysis generated and theoretically structured around five themes
based on the four interviews and eight documents. These themes position post-sorting
as an information system, contributing to an information infrastructure where waste is
material and informational, shaped by practices and market dependences. The first
theme is concerned with how post-sorting technology function as an information
system (re)classifying materials that are part of an information infrastructure.

The subsequent theme examines data production methods and standards exploring
what governance these forms might enable, and how current forms of data practices
make waste travel across distance and into different contexts — constituting the second
theme.

The third theme analyses post-sorting as embedded within waste management
infrastructure and as a secondary classification layer supplementing household sorting,
examining ARC’s framing as a “supplement to existing sorting” (ARC, 2026).

The active choices bring us to the fourth theme, which partly is generated from the
data and function as an extension of the second theme “distribution of responsibility”
from Sather (2025). In this section, the question of trust in relation to the
implementation of post-sorting systems is revisited, extending the conceptualisation
that “[t]rust here is not merely an emotional concern; it is the condition that make
citizens responsibility possible” (p. 20). The fifth theme was generated based upon
insights from the interviews with Rikke and Johan. These insights differ from how the
sorting facility is publicly framed as a facility for retrieving recyclable materials. Based
on these insights, the notion about lock-ins is analysed.

It needs to be mentioned that image recognition is a technology that is possible to
add-on to the NIR sensors making them capable of recognising material type and
brands, this technology will not be installed by ARC and is therefore not analysed based
on its technical capabilities, but rather the social and material consequences (Crawford,
2021) extending the discussion in the ethical consideration section.

4.1  Post-sorting technical capabilities and limitations

4.1.1 Technical capabilities of NIR sensors

The sorting technology at ARC will be designed in a similar manner to ROAF’s
sorting system, where the waste is classified and sorted using Tomra Autosort 5 (App,
p. 9). Tomra delivers the sensors to both ROAF and ReSource DK as well. The
classification is done by NIR sensors shining a light on materials and then analysing
the reflected wavelengths, as explained by Johan where “light is shining on the
products, ... then ... [the NIR] create a reflection of the light, as seen on figure 3, and
every product will give its own wavelength ... [TThe sensor will pick up this wavelength
and identify what type of plastic” (app, p. 9; see also (Faraca & Astrup, 2019)).



Figure 3: The light reflection on the picture is the spectral reflection the air nozzle follows
[photo by author].

This means that the NIR can identify the plastic in polymer groups (PET, HDPE,
PP), followed by a pneumatic ejection (also known as air nozzles) based on the
characteristics of the material (see figure: 4) The chemical composition is translated
into predetermined categories, based on size, materials and market criteria.

Fooding of
unsorted matera

Figure 4: Illustration by Tomra of the NIR sensors classifying waste, the air nozzles shoot
positive/negativ https://www.tomra.com/waste-metal-
recycling/products/machines/autosort
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The general technical and material specifications of ARC’s sorting facility is
presented in figure 4. The waste journey starts in the bunker (top-left corner). From
there, the size of the materials is determined based on the setting of the shredder at the
next step of the wastes’ journey through the facility. The shredder only partly shredders
the material because “[y]ou do not want to have your PET bottles [, metal cans, etc.] in
two or three pieces because that is more difficult to shoot it out with NIR later on” (app,
p. 7). The residual waste which is (re)classified by NIR sensors is between 60mm and
320mm, separated in three size categories (60mm-150mm, 150mm-220mm and 220-
320mm). Everything less than 60mm are sorted as either metal or clean residual. The
paper fraction “smaller than 150[mm]” (app p. 7) is removed by the air nozzles at NIR
sensor 9 (figure 5) because according to Johan there is “a lot of tissues and other stuff
in there, which you don't want to have in your paper [fraction] because nobody wants
to have it” (app p. 5).
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Figure 5: Sorting facility technical overview. [Image provided directly from the
Copenhagen municipality.]

The technical capabilities of the NIR sensors at ARC will according to Johan at
Banzo not be utilised in their entirety for classifying plastic products into different
plastic material categories. According to Johan ARC “want to have all the residues as
a mixed plastics together and this mystic mixed plastic streams will go to another
company who will sort it out into different fractions” (app, p. 10). Which means that
ARC will only sort by material types — except for metals which will be sorted as ferrous
and non-ferrous. The other company was not disclosed by Banzo and neither in the
ARC documents analysed. Miljestyrelsen 2025 nevertheless uses (app, p. 42).
ReSource DK in Esbjerg as an example of a facility that will further classify this ‘mystic
plastic mix’ before it will be transported for recycling in their cost-benefit analysis.



4.1.2 Material resistance and classification limits

Classified by absence

Material properties create hard technical limits. Black plastics creates the most
significant constraint because “the light is being absorbed by black, so there is no
reflection, so the NIR will not get any signal” (app, P. 10). Then, regardless of the
sophistication of the NIR sensors, the light will be absorbed by the black materials.
Black materials are difficult for the NIR sensors to classify especially carbon black,
metallised or painted black. Black plastics constituted approximately 12-14% of sorted
plastic fractions in Danish household waste (Malmgren-Hansen et al., 2018), making
black plastics a structurally significant component of the waste stream. This means that
the absence of signal is not anomaly but a material property of the item itself (Turner,
2018). The NIR sensors creates a categorical paradox: the item is present on the belt
but invisible to the classification system. This material resistance is however according
to Johan possible to work around by adding a laser “so that at least it sees that there is
something on the belt. So, there must be a black item, because otherwise the NIR units
should have seen it” (app, p. 10). This means that it cannot identify material type — only
presence/absence of an item.

This laser integration alters the classification system from identifying material types
to relying on absence of a detectable signal as an indicator of black materials. As Mikkel
explains “[o]kay, there is something on the belt there, so we know it is black, fine —
then we eject it” (app, p.31) The technical capabilities of classifying materials here are
not based on the positive identification of material properties but rather of negative
inference based on the assumption that the material is not detected by the NIR. Here
spectral limitations are solved with a technical fix — systems are adjusted to material
specifications, a downstream solution for managing waste. This sensors limitation does
not only prevent identification but there is also a risk of systematic misclassification.
As explained by Mikkel “[t]he challenge is, what if it is a shoe? You still eject it,
because it is black” (app, p. 31). The presence of the black shoe now becomes the single
point of classification overriding distinctions between material types and object
categories. Meaning that absence of signal does not translate always translate to correct
category.

Ambiguous signal

The heterogeneity and dynamic state of the waste stream cause material and matter
to merge and consolidate. With their experience Erling makes it clear that “waste is not
something that is uniform” (app, p. 7). This non-uniformity is partially linked to the
intertwinement of matter and materials in the residual fraction, which is a result of being
disposed together, then compressed and transported — resulting in items being
contaminated and commingled. This affects NIR sensors detection ability (Faraca &
Astrup, 2019), which is something that Johan acknowledges. While admitting to this,
Johan still claims that the sensors can handle “a certain degree of pollution, when there
is some food and stuff like that on it, it can still recognise if it is a bottle or not” (app.
P. 7). He thus assumes that contamination of residual waste is expected, and the
technology can handle this depending on the calibration of the sensors and waste
stream. However, contamination rarely remains localised. Mikkel describes cascading
effects as such. “[W]e struggle a lot with the fact that when things are wet and dirty,
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well then everything else also becomes wet and dirty. The wetter and dirtier it is, well
the worse the sorting efficiency” (app, p. 31). Mikkel’s experience stems from
processing household sorted plastic at ReSource Denmark, pointing to the difficulty of
handling wet and dirty waste that is “pre-sorted’.

The contamination is an example of the unpredictability of waste; being discarded
items and materials, they are not necessarily in their original form or shape any longer.
The contamination might reflect conflicting spectral signals to the NIR sensors
detecting both the underlying material and the surface contamination, producing
ambiguous signals that risks falling below classification thresholds.

While the NIR sensors can occasionally detect plastics through contamination, the
contamination degrades the signal, while differing from black plastics (no signal) where
the information is unreliable. However, this uncertainty is somewhat expected by the
waste industry due to their knowledge about the mixed waste stream. Erling explained
this by the possibility to “optimise ... [the NIR sensors] for ... sorting to be less
aggressive or cleaner” (app, p. 6), making it clear that there is a need to understand the
incoming waste stream, its composition and the outcome of the sorting process to
operate and configure the NIR sensors.

Conflicting signals

Composite packaging creates classification confusion through multiple spectral
signatures from single objects, though this conflict also extends beyond the sorting
facility as the final product is also affected by mixed materials. In their cost-benefit
analysis Miljestyrelsen notes that “[l]Jaminates and composite foils are generally a
challenge. Such plastics often have a different melting point and create poor quality in
the final product after remelting” (2025, app, p. 42). Here we abstract from sorting to
recycling classification, as the concern here is rather the recycled product and not the
classification activity of post-sorting systems. Though these are interrelated because as
ARC notes, “EU and Danish recycling targets going forward must focus on ‘actual
recycling’. Recycling targets will therefore become more difficult to achieve” (ARC
2022, app, p. 34). Rikke articulates this shift together with a justification for
establishing the post-sorting facility as:

you probably cannot reach the target because we have moved the
calculation point. Because we have now set our recycling rate only when it
[sorted waste] actually enters a facility where it is recycled. And because
there are so many losses along the way, even if citizens have sorted 100%
it is not certain you could reach those targets (app, p. 21).

The loss Rikke describes accumulate across the waste infrastructure, from collection
to transportation in-between facilities, but also the conflicting signals from mixed
materials. These mixed-material items contribute to this loss structure, as multiple
points reflect conflicting signals to the NIR (Mikkel, app, p. 31), but also because they
are considered low in quality and recycling value. since the conflicting signals disturb
the NIR sensors. This material structure is not something post-sorting can resolve, when
(and if) sorted, the quality is then classified as poor.

Differing from no signal and ambiguous signals mixed materials resists
classification through conflicting information. NIR sensors receive multiple valid



signals simultaneously from composite materials conflicting the categories. The
already labelled residual object misclassified, or difficult to classify, or impossible to
fit in a category, by the human sorter is then reclassified by the post-sorting technology
as a valuable object, relating to what Bowker and Star (1999) term residual category —
“the other” — material fitting multiple categories simultaneously (again), therefore
fitting non-cleanly.

RESTAFFALD

OTHER WASTE

ME:TAL, GLASS ANDPAPER g

Figure 6: The formal “other” officially part of the classification system [photo by athour]

Blocked signal

When items overlap or stack, the NIR sensors can only read the surface layer,
rendering materials underneath invisible — dependent on the current waste stream and
its composition — to the classification system. As Johan explains “it is more that you
need to spread the material and make it a single layer. The better you separate it and
have it loose from each other, the better the sorting quality is” (app, p. 13). Figure 6
shows the ROAF conveyor belt where material is spread across the belt width before
entering the NIR sorting stage. The width of the belt and the speed of the conveyor are
therefore not neutral technical specifications but classificatory conditions, as they
directly affect how much materials can be made legible to the sensing regime. Bowker
and Star (1999) describe classification systems as spatio-temporal segmentations of the
world. Here, the segmentation is literal and physical: the materials-spreading required
on the belt is the literal spatial condition under which the classification can operate.
While “[t]he conveyor has an encoder on it, and that gives the speed to the control unit
of the optical sorter, and by knowing where my sensor is and where my nozzle is” (app,
p. 15). Calculating the distance between the sensor and nozzle at a given speed
constitute the temporal condition. This shows that classification at the facility is not
only a matter of what categories exists but also on the literal spatio-temporal
arrangement of the systems.
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Figure 6: Waste spreading across the conveyor belt [photo by the author]

4.2  Waste data production enabling waste governance

4.2.1 From residual waste to residual knowledge

At ROAF Erling describes that data about their waste stream and operations are
organised primarily in “three categories” (app, p. 1). The three primary categories for
ROAF are weight data, operational data and analytical data. Among these, weight data
is explicitly prioritised, being described as “the most important data category and forms
the basis of our statistics. Everything that goes in and out of our facility is weighed”
(app, p. 1). In practice, this means that residual waste is weighed upon entry to the
facility and again, after being (re)sorted into material fractions, enables quantification
of how much plastics, paper and metal is recovered, and how much residuals is sent to
incineration or landfill (app, p. 8). Johan confirms that ARC follows the same pattern
“mixed plastic will go to a bunker, your paper will go to a bunker, and this will go to a
baler. There, they [the separate fractions] are pressed together and then sent off
[transported] for further recycling” (app, p. 8).

This constitutes a potential for ARC to learn about the residual fraction, where
‘residual knowledge’ is being presented as commensurable data — translating qualities
into standardised categories (plastics/metals/paper). This process of quantification
reveals the total amount of collected waste misclassified by citizens, the amount of
waste being sent to incineration and amounts of waste being sent to further sorting or
recycling. Thus, quantification and organising waste by numbers “create new things
and transforms the meaning of old ones” (Porter, 1995, p. 17) as the residual waste now
is cleansed for misclassifications, while the post-sorted plastics, metal and paper is
given a “second chance” (app p. 28) to start anew.



Where household sorting accounts for household classification success, post-sorting
as a revelatory actor reveals misclassification. The revelation work takes shape by
classifying waste in standardised categories which forms the basis for reports such as
the official waste statistics (See Miljostyrelsen, 2025) and for Erling at ROAF “[w]eight
data form the basis for statistics, and it is the basis for financial settlements” (app, p. 1).
Waste is then also translated into statistics and is given a voice affecting financial
decisions, e. g. the need for technological upgrades, new collection routes, campaigns,
nudging teams, more labour, etc. As the residual stream becomes legible, the material
recovery facility potentially translates to an information system producing residual
knowledge about household classification practices.

(incl. Follo, Halden, @RAS) 77 085t
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Figure 7: ROAF’s residual information. Photography taken by the author when
visiting ROAF in February

4.2.2 Making waste travel

It is worth stepping back to examine figure 7 (ROAF 2024 data) showing this
quantification: 77,085 tonnes received. After classification 3,858 tonnes plastic and
1,062 tonnes metal is extracted from the residual stream — metals are supposed to be
sorted at household level yet still present in the residual category, revealing citizen
misclassification at scale.. Sosna et al. (2024) contributes to this analysis by stating that
“[w]eight represents a plausible unit of waste management, as it can be measured, and
the resulting number can be compared and managed” (p. 18). In their study they
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question how waste numbers are stripped of their relations to humans, matter, materials,
categories and politics, treating numbers as an isolated representation of the world
(Sosna et al., 2024). Weight measurement offers what Porter (1995) identifies as
foundational shift for modern governance where standardisation enabled
commensurability. Then, by post-sorting residuals the previously unruly and uncertain
mass becomes commensurable fractions, comparable over distance through uniform
metric measurements of different materials (plastic/metal/paper) within and outside the
country — outwards, presenting waste in numbers. However, Erling reminds us that
“waste is not something that is uniform” (app, p. 1). Which brings forth the tension
within the standardisation system that treats waste as commensurable, as this non-
uniformity is not incidental but structural: materials are designed and produced
according to one set of standards while waste classification and recycling operate on a
different set. These two regimes are not (yet) aligned, exemplified by how composite
materials performs well for food packaging, but resist classification as recyclable waste.
Post-sorting might make this discrepancy measurable. It produces numbers that reveal
how much material falls between these systems however it cannot alone resolve the
underlying mismatch that produces the discrepancy in the first place.

Waste management facilities legally handle waste (app, p. 5), while in
communication to the public they might frame it as resource management. As such, the
waste facilities deal with the movement of unwanted matter. This means that ROAF
and ARC need to assess the quality while managing the quantity. Then, before diving
deeper down into how quality is assessed, there is a need to show how trust between
waste management and recyclers are not only about the numbers but about how these
numbers are measured. For Porter (1995) “measurement means nothing if not precision
and objectivity” which in turn depend on some trust and even more “faith in impersonal
technological and regulatory mechanisms to assure that scales give good weight and
that boxes are honestly labeled” (p. 23.). Erling points to how trust in impersonal
technologies might not be the case for waste management:

Often the suppliers, those who collect from us and send residual waste or
food waste or plastic, they also want to weigh it on their end. So, it varies a
bit — usually they use their own scales as the basis for settlement, but we
verify against our scales. Other times it is us who report [the weights]
ourselves (app, p. 1).

There seems to be some discrepancy of trust between the different facilities within
the waste chain. Numbers do not eradicate value judgments from regulatory processes
but rather aims to systematise the process and operate uniformly (Porter, 1995). Erling’s
example shows how numbers alone are not sufficient, as the temporal and spatial
aspects of when and where it was measured constitute a risk of change in the weight of
waste. Where on one hand, the cleaning process might add weight as materials absorb
water, whereas on the other hand waste might be lost during transportation reducing
total weight. This distrust between facilities points to an interesting aspect where weight
data is the most important data category forming the basis for reports (app, p. 1),
functioning as tool for governing at distance when amount of recyclable waste
misclassified retrieved from residual waste points to number of plastics misclassified
by citizens. Whereas between sorting facilities and recycling facilities the method for



weighing waste itself is not trusted. However, it is not only quantity the recycling
facilities demand, but also quality materials. Circularity and recycling are not to be
confused; however, both requires higher quality materials than incineration.

4.2.3 Assessing quality

This tension is however highly dependent on what the questions are. If the question
is about waste-to-energy, then there is a need for a large quantity of waste directed
towards incineration. If the question is about recycling, then what is being recycled and
to what is the question. However, if the aim is circularity which is a material being
recycled for the use-case it had before it been discarded, then WM should be more
directed towards assessing and maintaining quality of the materials, rather than
measuring and managing quantity over distance. Rikke articulates how they have been
struggling with the overwhelming focus on quantity data of waste:

We [Brancheforenigen Circulaer| have been struggling with this for many
years, because we have a recycling [target in] percentage, wight-based. We
have always had that. So, this thing about moving over to something where
we talk about quality in recycling — like, what does it become? What makes
sense? That conversation has died down. It has become...It has become
more and more silenced. It used to be discussed more before. Which is a bit
strange, because at the same time we talk so much about circular economy.
Which in a simple way is about circulating things (app, p. 24).

Rikke here identifies how industry discourse marginalises quality conversation.
Recycling targets remain weight-based — quantifiable and commensurable. Quality
questions — “what does it become? What makes sense? — are silenced despite circular
economy requiring materials to maintain their use value through circulation. This
silencing operates infrastructurally where weight data is continuously generated
through measurement systems at every transfer point, while quality assessment requires
manual sampling.

Quality assessments are inscribed through regulatory process top-down explained
by Johan as;

the quality that is required because they most of the time want to have 90
plus on purity on the plastics ... but that depends also per country and per
EPR, what is the requirements for ... the outlet of the plastics (app, p.12).

The purity refers to colour, odour and structural characteristic. The purity rate (90
plus) depends on what the material can be recycled back to, affected by contamination
in the waste stream, whereas quality of materials is concerned with how well it performs
in recycling. At the waste management facilities these quality controls are done by
manually sampling the waste fractions, Erling states that quality data is gathered
regularly by conducting a “pick-analysis [manually] often weekly or biweekly” (app,
p. 6). The current practice of manual sampling represents what Porter (1995, p. 213)
identifies as expert judgment; while not being replaced by mechanical objectivity,
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expert knowledge is integrated into the standards — determining the quality of waste by
sampling.

When asking Erling about operational data and quality data, it became clear that this
was not fully implemented yet “we [ROAF] label all plastic bales departing with QR
codes, an ongoing process but it is not 100% implemented as of yet” (app, p. 3), but
implies that they trace each “plastic bale, so that if quality deviations are discovered,
we [ROAF] should be able to trace it back to exactly when it was produced” (app, p.
3). This still requires manual sampling, as connectivity does not necessarily mean
constant monitoring or automated quality assessment of the purity rate. At Johan
confirms that ARC “will do sampling, for the material and the plastic that come out
[post-sorted]” (app, p. 12).

This sustains a data hierarchy where quantity (weight) is continuously semi-
automated and standardised and where weight data enables governance. Whereas
quality is periodically, manually and operationally essential it is something requiring
labour and routines. Weight standardisation determines who get paid what (app, p. 1),
which municipalities/states/countries meet targets, and how investments are justified
and legitimised, e. g. ARCs estimation of 8.500 tonnes recyclables retrieved from the
residual waste stream equalling 6.5-7% of the total amount (ARC, 2026).

4.2.4 Future possibilities of real time monitoring

At this point we are endeavouring on a balancing act, where future visions,
possibilities and risks are affected by the practical realities of WM and narratives about
Al. Tomra makes it clear that “traditional Al found in optical sorters has been an
industry standard with material recovery facilities ... and recyclers for automating the
sorting line” (Tomra 2025, app, p. 37). This is an interesting revelation and important
distinction to clarify when talking about Al. The term Al is adopted by and used in
marketing of technologies containing Al, whereas Machine Learning (Deep Learning
in WM) are on the contrary often used in technical discourse (Crawford, 2021). Tomra
explains that “[d]eep learning technologies utilize artificial neural networks to
automatically learn and extract features from data, leading to significant advancements
in the accuracy and capabilities of the system” (Tomra 2025, app, p. 38). Differing from
traditional Al, or narrow Al which is performing predefined tasks, such as sorting
plastics by polymer type and not shape, Deep Learning models can in theory identify a
unique bottle based upon its training data and interactions with materials (app, p. 16).

Tomra on one hand speaks about a vision for WM affected by the “[i]ndustry 4.0
and the Industrial Internet of Things (IIoT), where factories have equipment augmented
with sensors and connectivity, provide reporting through a system that allows for
visualization of the entire production line” (Tomra 2025, app, p. 37). The data gathered
from each sensor can be captured, stored and then presented neatly in graphs or pie
charts representing the waste-world which can be used to compare to other plants in
similar or different context. On another note, Johan articulates possibilities of
understanding the waste stream and a world where there is no-need for manual
sampling.



You do not need to sample anymore. You have real-time data. If some of
the specs is up, you give information to the controllers that, hey, I am
dropping down in my quality, so please check if the NIR units are still
working properly or is there a blockage or you need to clean it and stuff like
that (app, p. 13).

These Al systems do also have the possibility of collecting data about the waste
stream in real-time. When asking Johan about this he replied:

Yeah, there are possibilities nowadays. There is more, and there is Al
technology available that can read the belt and understand what is on there.
Because if it is the amount of plastics, it does not matter if it is PE or PPE
or something else. It just needs to know if it is plastics or not (app, p. 11).

These possibilities are supported by Tomra as the waste stream can be translated to
“[flor example, material composition charts offer detailed overviews of process
throughput rates for different types of sorted material like waste, plastics, paper, or
metals” (Tomra 2020, app, p. 37). Tomra is here referring to the quantity of waste and
not quality or purity of the waste. Post-sorting and its NIR sensors are here treated as
information extraction devices, making waste machine readable and translating waste
to numbers, facilitating for governance at distance. According to the system designers
and sensor developers, digitalisation and Deep Learning offers connectivity and greater
understanding of the waste moving through the facility. However, collecting data for
the sake of collection is something the system designers would not encourage.

I think you need to be selective on the points that you really want to
collect data, because the more data you put in, the bigger the system will be
and the slower the system will be. Maybe even information is not suitable
to use (app, p. 13).

This points to something important when generating data in general, not just because
it might slow down the system, but also because the data is tied to material and social
structures, such as data centres using electricity and water to operate continuously, as
well as requiring human labour (Crawford, 2021). In other words, WM has a
responsibility not to over-produce data-waste about waste-materials. Therefore,
articulation such as this by Tomra, “[c]oud-based data storage is transforming how we
access and review this data, with quick connection at the office via the computer or in
the field using a mobile device" (Tomra 2020, app, p. 36) is problematic. While framing
data storage as cloud-based almost feels mundane today, this naturalisation is
problematic as it makes it sound immaterial while being very materially dependent
considering its constant need for electricity and water (Crawford, 2021, p. 40).

4.3  Relational and layered waste classification system

The classification acts are part of a larger sorting regime imagined as tool for
enabling the circular economy, were, f, the ontological status of waste changes from
out of sight to valuable material to be recovered. It is partly based on this ontological
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shift that categories and standards for sorting waste has been developed and sustained.
Residual waste occupies a peculiar categorical position — defined by what it is not rather
than what it is. Rikke explains that “residual waste should really only consist of residual
waste or should consist of waste that is suitable for energy recovery because it is not
recyclable” (app, p. 18). This circular definition creates residual as a residual category
in the classification system — a catchall for materials resisting other categories. Residual
becomes a container “where things get put that you do not know what to do with
(Bowker & Star, 1999, p. 149), while simultaneously serving an infrastructural function
by being connected to the energy infrastructure. The residual category as a formal part
of the classification scheme and as well as serving an infrastructural function makes the
classification scheme appear complete by stabilising incineration practices, meaning
that the residual is not only categorised but also operationalised as part of an
infrastructure.

4.3.1 Household sorting: Primary layer

The relational layers of waste classification are not neutral, but composed and
developed in relation to practices, infrastructural arrangements and categorical
decisions where one layer is dependent on another layer to fulfil its intentions.
Household sorting can exemplify what Star and Strauss (1999) identify as labour whose
legitimacy remain contested. Is separating materials into ten categories work, a civic
duty, or a moral responsibility? Waste sorting in Copenhagen is framed as a form of
civic duty “in Copenhagen we sort” (Figure 8), naturalising classification labour as part
of being and living as a community member. In their study Loikkanen et al. (2022) and
Sandersen (2025) emphasises the citizens roles as integral to the functioning of waste
infrastructure if the aim is recycling and material circulation. This dependency is also
articulated by waste facilities themselves. Erling notes that post-sorting systems “are
very dependent on source sorting” (app, p. 3). ARC confirms the same interdependency,
where the performance of post-sorting depends on the incoming waste stream “which
is continuously changing due to increased source sorting and changed consumption
patterns” (ARC 2026, app, p. 35).
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Figure 8: Offical classification scheme from Copenhagen. Headline: “In Copenhagen we
sort” [from: https:/kKk.sites.itera.dk/apps/kk _pub2/index.asp?mode=detalje&id=2247 |

Household sorting can be situated withing what Star and Strauss (1999)(1999)
describe as grey zone labour, referring here to activities difficult to categorise as work
but necessary for infrastructural functioning. Considering this household sorting
dependency, Katan (2022) points to waste sorting being a co-occurring practice — part
of, or emerging from, primary activities such as cooking and cleaning. This does not
mean that the waste industry assumes that sorting is always deliberate and occurring in
isolation. However, since ROAF is dependent on household sorting they are trying to
influence sorting, recently reducing the residual bin capacity and less frequent
collection while implementing a fourth category (organic waste) for household to sort
in (app, p. 4). This decision was based upon residual knowledge btained from the post-
sorting facility and maintenance work which translated back into the household.

Despite such adjustments, ROAF does not merely encourage sorting semantically
and rhetorically but also materially prescribes forms of participation by inscribing
infrastructural expectations (Akrich, 1992) into collection arrangements. Smaller bins,
more fraction and altered collection rhythms redistribute the practical conditions under
which waste is discarded, sustaining the household role as ‘source sorters’ for
maintaining and enhancing the performance of downstream sorting systems. This
echoes Chappels and Shove (1999) argument about how “every bin tells a story” (p.
270) through how bins are scripted in relation to their capacities and characteristics
where patterns of use are inscribed to the design of the bin (Akrich, 1992; Hanseth &
Monteiro, 1997). However, and interestingly, the residual bin is not directly inscribed,
but new standards and categories are instead established.

Importantly, new and different infrastructures might drive change. However, new
arrangements are acted upon within the spatio-temporal conditions ordering waste
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sorting in relation to primary activities (Katan, 2022). Rikke points to something
interesting regarding the temporal dimension through her distinction between
habituated and deliberative sorting:

When citizens hear the word ‘waste sorting’ they think about food waste
and plastic. They do not think about glass. Or batteries. They just do that. It
has become a habit. They just do it. It is these somewhat new or maybe
somewhat irritating things, beverage cartons with plastic, food waste, but
also metal waste. The new kids in the class (app, p. 25).

The “new kids in class” metaphor reveals a temporal dimension of classification
learning. Sorting glass and battery becomes infrastructural knowledge, given the
impression that it is so well integrated that sorting habits are established, making
classification work invisible through routine, which are practices well established and
learned as part of being a member of a community (Star, 1999). Mixed-materials,
plastic packaging for food and cartons requires more conscious deliberation, effecting
space and time often conditioned by the primary activity (Katan, 2022). The residual
fraction is according to Rikke “where the challenges are” (app, p. 18). It is categorised
by ARC as misclassification and as having an infrastructural function (ARC 2023a,
app, p. 23). Showing how the ambiguous character of materials disposed as residual
exemplifies how idealised classification systems (following Bowker & Star, 1999) seek
to represent the world by establishing mutually exclusive categories ought to capture
overlapping contradictory materials.

4.3.2 Operators’ classification work: Second layer

Post-sorting classification concentrates the waste stream in an industrial space,
operating at a radically different spatio-temporal scale than houscholds. Where
households dispose daily/weekly and in combination with other actives, facilities
process continuously with the sole focus on classifying waste into different resource
categories (ROAF: 40 tonnes/hour). This temporal intensity creates a different
classification logic: speed and volume are prioritised over individual item accuracy.
Household classification operates through temporal engagement — citizens encounter
materials daily through deliberate, accidental, spontaneous interaction developing tacit
knowledge about materials and matter. At facilities the same matter and materials move
past NIR sensors on conveyor belts at high-speed classifying materials based on a
binary division of “positive, positive, negative to get the highest purity and highest
recovery” (app, p- 8). Spectral signature is registered as either plastic or paper, right or
wrong polymer type, ejected by the air nozzles into its designated channel, and then
classified again, a process which is repeated depending on the number of NIR sensors
employed.

Automation?

The automatic sorting discourse presents this as a technological solution to
household classification failure — the idea that a neutral and rationale machine will
correct what citizens cannot or will not do consistently. Post-sorting then represents



infrastructural “promise and its failure at the same time” (Larkin, 2013, p. 334),
representing citizens classification failure. Whereas ARC articulates future promise as
“central sorting cannot currently replace the sorting carried out by citizens” (ARC
webpage, app, p. 43), implying a ‘postsorting’ future. While making clear that this post-
sorting is dependent on household sorting, the phrase “cannot currently” abstracts us
away from the technical functioning and towards the imaginary of a future where
classification is outsourced to the centrally operated and ‘rationale’ machine.

ARC states that “[t]he sorting facility is expected to recover approximately 6.5% of
the total residual waste stream for recycling” (ARC webpage, app, p. 44). This is the
predicted amount of classification failure which will be transported towards recycling.
These 6.5% is dependent on the citizens, then on manual labour by operators. “We have
seven people per shift. So, there is a lot of work that needs to be done” (app, p. 7). It is
therefore important to note that classification at the facility is more than just NIR
sensors. “An excavator ... lifts the waste onto the conveyor belt, so there is a manual
preliminary sorting” (app, p. 6), together with the shredder these pre-conditions what
the classification system sees. Then “the manual work mostly consists of things getting
stuck, clearing blockages, cleaning” (app, p. 6). Cleaning sensor maintains spectral
perception; clearing blockages maintains materials flow. During the visit the image of
a ROAF worker clearing blockages were capture, see figure 9. The task did not seem
to come without any risk for getting oneself stuck in the sorting apparatus.

Figure 9: ROAF worker clearing waste to allow free flow of waste to pass through the
facility [photo by me]
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Even the machines are not infallible to the heterogeneity and unruliness of the waste
stream. Manual labour is thus integral to the second layer classification, however in the
wake of this automatic discourse and imaginaries of central sorting it risks
backgrounding this important work. Not from the industries perspective, but situational
invisible (Star & Strauss, 1999) to the citizens only aware of a sorting technology out
of sight, presented as advanced and modern, similar to how Crawford (2021) warns
about the Al discourse sole focus on algorithmic techniques implying that technical
progress is what matters, neglecting its impact on global environments and
communities, and its continuous need for human labour.

As theme two established, weight data is continuous while quality assessment
remains periodic and manual. Tomra’s vision that “once the plant is up and running, a
worker could virtually just push a button and walk away” (Tomra 2025, app, p. 38)
obscures this reality maintaining the automatic fantasy. While Tomra writes this in their
document “Al in Recycling” it exemplifies how labour is made invisible — and this
framing does not only make waste labour invisible but also the sociomaterial conditions
of Al, masking the vast networks of extraction, energy and hardware it operates on
(Crawford, 2021). Walking away here signals that there will be no need or little need
for human intervention in the future WM, which following ROAFs experience with the
current sorting system does not represent the reality and neither Banzos articulation
above, where they express a need for workers to clear blockages and clean the sensors.
The notion of ‘walking away’ strengthen the analytical connection between this and the
previous themes, where post-sorting as an extraction device producing data translated
to information is explored as part of an information infrastructure dependent on
practices, knowledge, labour, politics and capital.

Caution! Only installed as a supplement

Despite narratives and framings of automation and indirect promises of central
sorting, post-sorting does not replace household sorting but reveals it limits. Erling
notes that they are “dependent on source sorting” (app, p. 3) while Johan claims that “if
we want to meet the EU targets, the source collected material is not enough” (app, p.
17). Rikke confirms “it is certainly true that the residual waste sorting facility should
enable [us] to fully achieve [the targets]” (app, p. 19). ROAF with their day-to-day
experience points to their dependency on citizens for functioning, while it is claimed
by Rikke and Johan that the post-sorting facility will enable the recycling targets,
especially considering that the measurement has been moved from sorted for recycling
to real recycling (ARC 2022, app, p. 34). Concluding that the primary layer and second
layer are constructed as co-constitutive in a recycling regime where the household
classification shapes what the secondary layer can recover, while post-sorting’s
corrective functioning enables the primary layers mistakes to remain structurally
tolerated — classification failure at the household becomes statistically visible and
governable at the facility. Thus, post-sorting then both extends the incinerator by
purifying it, but simultaneously contradicting its functioning by reordering ‘previously’
burned waste.



4.3.3 Recycling now, or?

This third layer brings about a classification mechanism where materials are no
longer assessed by visual perception and knowledge (primary layer), or spectral
capabilities and material size (secondary layer), but a sole focus on material quality and
purity through sampling of the post-sorted materials. A clear risk to the purity level of
plastics relate to contamination from migration. This is explained by Rikke:

[p]lastic is an organic material. It absorbs. So, if you have it lying
together with some residual waste, where they ... I mean, has there been
some migration that means the plastic has absorbed something you cannot
sort out? I mean, has there been something that you actually do not want in
the fraction? (app, p. 21).

The reverse can be seen through the absorption qualities of plastic when trying to
remove tomato sauce from white plastic. For waste contamination of materials can
occur within or between the layers, referring to the uncertainty of the bin and the risks
when transporting waste from household to facility, and in-between facilities.
Demonstrating that plastic recycling is not a fixed property but depends on factors such
as polymer type, contamination, colour, origin, odour and application, where many of
these aspects are irreversibly affected by different waste being mixed in the waste
stream.

Market rejection of plastics was discussed at the board meeting at ARC
acknowledging that “[f]or some fractions, for example plastics, there is a loss/rejection
often over 50% of the collected waste for recycling that cannot actually be recycled”
(ARC 2022, app, p. 34). This implies that half or more of the sorted plastics are rejected
at the third layer despite passing the secondary classification layer.

Market dependency

Rikke also questions if there is a market for paper disposed in the residual waste
stream. “But in relation to the market, I will simply say, what is happening there in the
market for dirty paper?” (app, p. 26). Then reflecting further that allegedly “there is
quite a limited market for those. ... Right now, we cannot even sell ‘beautiful’ paper
because energy prices are too high, and the paper mills have shut down. ... the market
is constantly moving” (app, p. 26). This articulation points to a gap in the current waste
recycling infrastructure, because even if households sorts and waste operators maintain
the waste infrastructure there is still no demand for quality materials. Then, enter post-
sorting, they post-sorted paper will not be ‘beautiful’, the plastic quality is uncertain,
and the market is constantly moving. Rikke questions the sorting facility and the
materials extracted presenting these questions “[w]ho will take them, [and] for what?”
(app, p- 21). In line with this question Miljestyrelsen (2025) in their national cost-
benefit analysis state that there is practically no market for post-sorted paper, and
therefore restricts recyclable potential of post-sorted materials to plastics, metals and
food and beverage cartoons (app, p. 41). Despite the cost-benefit analysis, ARC
themselves presents paper as a fraction that will be sorted and sent to recycling (ARC
webpage, app, p.44).
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This market dependency extends to recycled plastics more broadly because recycling
does not operate in a vacuum — entangled with the price of virgin materials and tied to
fluctuations in oil prices. The recycling of plastic is resource demanding and is therefore
relatively costly (counting transportation, multiple sorting facilities, and the recycling
process itself). Johan explains how economic valuation of recycled materials in no
longer just a question about recycling but also contrasted with other industries

Sometimes you are lucky when oil prices go up. You can make a little bit
more on your plastics, but when it is down, ... see what happened in the last
couple of years, that a lot of these recycling companies went bankrupt ... it
was much cheaper to buy virgin plastics (app, p. 14).

This reality is something Erling at ROAF experience daily “It is not like people are
lining up to pay for plastic material. For some fractions we get paid to deliver them, ...
but for other things we have to pay quite a lot to get rid of them” (app, p. 6). ROAF
here points to a misalignment between the second and third layer, where Banzo points
to the struggles of recycling companies which are caused by the oil price (app, p. 14).
Rikke points to how recent events outside of the waste and recycling industries control
might affect the interest for recycled plastics “it is really interesting what is happening
now, what the oil price does ... But the oil price was so low that they simply had no
chance” (app, p. 29). The question is no longer about material type or polymer type but
is now concerned with value of matter and materials. The concern articulated by Rikke
is supported by a disruption in the market for recycled materials due to the accessibility
of cheap virgin materials’.

That one person’s waste is another’s treasure is well established both practically and
theoretically. However, it is analytically important to mention regarding this third
classification layer — to avoid treating waste as universally given. While the market
classification — value/no value — is to some extent structuring what is sorted for
recycling, and what is incinerated is a fundamental function to the third conceptual
layer. Given this distinction and the two conceptual layers prior to this it became clear
how relational the layers are — arguing here that the value/no value distinction is
constructed based upon the holistic efforts in the previous layers. The economic aspects
affect the classification of materials, where the act of classification is intertwined with
the infrastructure (Bowker & Star, 1999), though for Erling — considering their
technical limitations and political requirements — waste is communicated as a resource
to the citizens while legally defined as waste (app, p. 5). The legal definition operates
to stabilising ambiguity, translatable to different communities vertically and
horizontally within the layered classification system. Communication then is utilised as
part infrastructural work maintaining coherence across systems, both technical and
social.

7 European recycling companies face bankruptcy. Recycling capacity is down to 6% in 2023
down from 17% in 2023. The cheap oil price is specifically mentioned. (Date published:
23.12.2025) https://ec.curopa.cu/commission/presscorner/detail/en/qanda_25 3152
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4.4  Distributing and delegating responsibility

Distribution of responsibility for waste is described by Rikke as “producers have a
responsibility, citizens have a responsibility, and we [waste industry] have a
responsibility” (app, p. 28). This sounds cooperative — everyone being partly
responsible and contributing. Similarly, Loikkanen et al. (2022) in their study show
how the municipal waste actors in Finland point to the shared responsibility across all
actor groups, however Loikkanen et al. (2022) argue that the division is not as clear cut
as this since the municipality labels the citizens as producers of waste and at the same
time paramount to recycling by returning the final duty to the citizens and their
classification labour.

Classification labour in households were established in theme three occurring it the
primary classification layer, thus when analysing it in relation to responsibility it
becomes rather more complex. Rikke articulates that:

responsibility becomes even more complex, because ..., what can the
consumer do, what can the citizen do? But the citizen can sort their waste,
because the citizen cannot, if you live a completely normal life in this
society, ... avoid being a huge waste producer. Because that is what you are
offered if you are part of this society, so in that way that is also what
producer responsibility [EPR] should ... [Consequently,] get producers to
change something, but if you really want something, then there are some
bigger systematic shifts than making one packaging slightly different (app,
p- 28).

Generation of waste is here articulated as a systematic issue, which requires macro
transformations rather than micro changes. Here, the citizen is framed as both morally
obliged to sort their waste, while also being structurally locked-in to consumption
practices outside of their control, articulating the wicked problem of waste
management, consumption and production structures. Post-sorting enters this complex
mix, where responsibility is distributed across actors; where the recycling system is
ultimately dependent on household classification labour; while the citizens are
dependent on standards and categories for being able to participate in a formal recycling
system; which is formed based on market demands, policy decisions and rhetoric’s.

4.4.1 Delegating responsibility to nonhumans

Rikke sees post-sorting as a safety net for citizens misclassification. " Basically, I
think it logically implies less responsibility on the citizens. Because it does. It gives
them, what do you call it, a second chance " (app, p. 14). This implies a delegation of
responsibility, tasks, competences and motives to the machine installed by the
designers, assuming post-sorting will operate as a second chance device. Now,
responsibility seems to be shattered across even more actors, it will not eliminate citizen
responsibility but redistribute and (maybe) soften it, thus the citizens will be positioned
both (to some extent) accountable and correctable within the system. Accountable here
is linked to residual knowledge gained from the post-sorting facility (theme two) as
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misclassifications are now rendered in numbers, visible to waste operators enabling
modes governance.

In Seather (2025) the Copenhagen municipality were interviewed and the
municipality actors expressed little fear of technological failure, however one of the
actors expressed a concern regarding trust erosion when anticipated infrastructure
becomes visible through retrofitting

There could be lost some trust from the citizens' side when they find out
we have a post-sorting facility. Because then they are like, why is it that I
in my little Copenhagen apartment should have ten bins under the sink?
Because it gets sorted anyway. So, I believe that this could be a question of
trust (Gitte from the Copenhagen municipality interviewed in Sather, 2025,

p. 19).

This anticipation centres not on technical aspects (whether sensors work) but on
communication challenges municipalities and industry face. Rikke explains post-
sorting in relation to source sorting is “discussed quite extensively, especially how one
frame it in discourse” (app, p. 22). The framing question matters because post-sorting
introduces a structural tension in the waste management infrastructure. Officially, it is
presented as a supplement to household sorting, not a replacement (ARC webpage, app,
p. 43). Household sorting is in Copenhagen framed as the normative ideal, whereas
post-sorting becomes a technical patch for (anticipated) statistical completion for
reaching the recycling targets-imposed form above. The tension elucidates the
challenges of framing post-sorting — because there is a need to navigate complex social
landscapes composed of knowledges, narratives, myths and material.

The aspect of trust is intriguing in relation to infrastructure and infrastructural
adjustments. On the notion that citizens might “find out” that there is a post-sorting
facility, brings forth the assertion that “infrastructure is by definition invisible” (Star,
1999, p. 380), which is only partially true, thus depending on one’s relation and
situation to the infrastructure (1999; Larkin, 2013). It is not the technical aspects which
are questioned it is rather the softer aspects of infrastructure that are brought to the
foreground by the municipality and Rikke. Both are clearly unsure and reluctant of how
post-sorting should be framed in relation to current sorting practices, this is made clear
by Rikke “I mean, it is not easy. To say that, yes, but ‘dear citizen’, we would like you
to sort your waste, and by the way you should also pay for us to sort it one more time.
That comes at a price” (app, p. 22). This reveals what Howe et al. (2016) refers to as
the ontological oxymoron of retrofitting infrastructure by bridging the present to the
future, presented as stable while in constant flux. As the anticipated integration of post-
sorting makes the material and symbolic solidity of waste infrastructure “more apparent
than actual” (2016, p. 553): because it is not just about technically handling waste but
also navigating and understanding how infrastructure necessitates softer practices,
experiences and assumptions sustaining its functionality. Post-sorting’s attributes
reveal household sorting both as essential and insufficient — simultaneously being
presented as future proof and a prerequisite for attaining the recycling targets.

At ARCs webpage the facility is framed solely as a tool for retrieving misclassified
materials. This framing is contested by both Rikke and Johan when interviewed. Rikke



questions this explicitly. “Is it a pre-sorting facility within a waste incineration
[infrastructure], or is it a post-sorting facility, or is it... I mean, what should you do,
and how much should you even tell citizens?” (app, p. 22). A different way of seeing
and presenting the anticipated post-sorting is disclosed in this quote, which generated
theme five. What is interesting in relation to trust is the question regarding how much
and what should be communicated to the citizens. This is a question about what to make
visible and what to keep invisible, questioning how much transparency the system can
sustain while maintaining household cooperation. While it is a question of (in)visibility
it also points to the duality of infrastructures and its multifaceted capacity through
appearance and in discourse (Howe et al., 2016). Johan states that the facility will be
“a combination” (app, p. 4) for purifying incineration and retrieving more recyclable
material. This duality complicates the post-sorting framing, at operational level it will
operate across two different levels in the waste management hierarchy, whilst being
publicly articulated as an enabler of (more) recycling. The trust aspect does not lie in
the duality itself rather how it is being presented. This selective articulation does not
negate its recycling function, but (selectively) foregrounds one aspect of its operation
while (purposely) backgrounding others. It is in this gap between infrastructural
multiplicity and its public presentation that raises questions of transparency, and
potentially, mistrust.

Whether anticipated trust erosion materialises remains empirically unknown in this
thesis, since I have not collected any data on households’ perception of the role of the
anticipated post-sorting facility. Though municipality and industry actors show a
strategic uncertainty of how post-sorting should be framed in relation to infrastructural
retrofitting.

4.5  Talking in circles

This theme is generated based on a tension between public framing and internal
communication of the sorting facility. On their webpage ARC asks rhetorically. “Why
is ARC building a sorting facility for residual waste?” (app, p. 44), then proceeds to
answer. “To increase recycling. Even when citizens sort their waste, valuable materials
like plastic and paper still end up in the residual waste. With the new facility we can
sort out and recycle these materials” (app, p. 44). Literally this framing position post-
sorting as a recycling device, communicating that ARC is looking upwards in the waste
hierarchy. However, through the act of removing plastics the residual stream will be
‘cleaner’. This is implicitly communicated by labelling it as a retrieval device.

4.5.1 ‘Rebranding’ waste management

Considering the-state-of-art incinerator at ARC needs fuel to serve its infrastructural
part by producing district heating and energy, there is no surprise that the sorting facility
will function as a purifier for the incinerator. According to Rikke the sorting facility “is
actually born in a different politics” (app, p. 20). Politics here denote the waste
hierarchy, which positions the post-sorting facility as a mediator within incineration
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logic rather than a pure translation upwards in the hierarchy. This does however not
discard the post-sorting as a retrieval device, it means as explained by Rikke that “[t]he
residual waste sorting facility has a very strong driver in a completely different agenda,
which is climate” (app, p. 19). This is sustained by Johan that:

there is another cost driver in it, and that is the CO2 reduction on the
incineration plants. So, for every tonne they do not burn, the save CO2. And
of course, you have to pay for your emission rights and stuff like that. So, it
will also help them take those things out, So, you have less CO2 because it
is fossil fuel, because it is based out of oil (app, p. 11).

Removing plastics from the residual stream are not only about retrieving recyclables
it is also about reducing co2 emissions from large technical system in Copenhagen.
According to Rikke this is partly economically driven, extending this to include the
environmental targets which Copenhagen municipality are required to reach.

Then Copenhagen municipality has a climate target in relation to what
is, roughly speaking, within their geographical area. And within their
geographical area there is a waste-to-energy facility called ARC. They burn
residual waste where there is too much plastic in it. And that gives a fossil
emission, and by building this residual waste sorting facility they can
remove a large part of that fossil emission (app, p. 19).

There are several interesting aspects with purifying the waste stream before
incineration. One being that the incinerator relies on a constant throughput of waste
because it is connected to energy and heating infrastructures, which means that
reducing the amount of residual waste would result in less waste to burn. Johan points
directly at this that for every tonne ARC does not burn they emit less co2. Another is
the market question addressed in theme three, what happens to the waste post-sorted
from the residuals? Will it be recycled, stored for later, or burned in a different location?
ARC themselves, in line with both Johan and Rikke, notes internally in board minutes
that the residual sorting facility will have a dual role “1) Recyclable fractions that are
sold on the market or transferred to producers’ collective schemes 2) Residual waste
for energy recovery that shall be put out to tender” (ARC 2023a, app, p. 35). This dual
role is however not communicated on ARC’s webpage, where post-sorting is framed
solely as an extraction device retrieving misclassified recyclables from the residual
stream. This selective articulation is not unusual in waste governance according to
Alexander and O'Hare (2023) as waste is increasingly being translated to resource, not
just rhetorically but also by technological means. This ‘rebranding’ of waste and
selective public framing by ARC relates to spatial-temporal and rhetorical invocation
of unknowing waste (Alexander & O'Hare, 2023), in combination infrastructural
investments and technological functionality is summoned as contributes to greater
common good — as reaching the recycling targets and climate targets — potentially
assisting in transitioning to a sustainable and circular economy — while the
infrastructural dependencies of waste remain out of frame.



4.5.2 Incineration locked-in

The sorting facility clearly relies on other instances which is outside of ARC’s
control, such as demand for recyclable materials. While the residuals for incineration
will be put out to tender allowing other actors acquire the residuals for incineration.
Reducing the co2 emissions at ARC will not only benefit Copenhageners but also other
surrounding geographical areas will benefit from the reduction. However, when
discussing the climate targets with Rikke she expressed that:

some of this is also really quite strange, is it not? This thing about
calculating climate in these bounded geographical areas. Denmark has a
climate target, but climate is of course worldwide (app, p. 19).

We are here introduced to the effects of post-sorting on a global scale, meaning that
the post-sorting might for Copenhagen have positive effects on their co2 emissions by
removing the plastics before burning the waste. The plastic however is transported to
another sorting facility (Resource Danmark) then from their transported to recycling
centres. While the residuals from post-sorting will according to Johan be driven “100
metres further and then bring it into the incineration plant. It's strange, but this is how
it is structured in Copenhagen (app, p. 8). This however might change dependent on
how acquires the rights for transporting waste from the post-sorting facility to the
incinerator, Johan emphasises if ARC buys the rights for transporting “then they
probably will build a conveyor belt, because that's of course much cheaper and reduces
a lot of CO2 emissions” (app, p. 9). This invokes Alexander and O’Hare (2023) spatial
and calculative technology of unknowing waste concerning how a different view or
category translates waste to carbon, in relation to global quantified environmental
targets. Relating back to Rikke’s reflection on measuring climate emission bounded to
national/municipal boarders.

The empirical material suggests that post-sorting is articulated through overlapping
rationales. Externally, ARC frames the facility as increasing recycling by retrieving
materials from the residual stream. Internally, it is more nuanced, its connection to the
incinerator is discussed extensively — which makes sense in relation to the heavy
investments and constant waste throughput required for the incinerators infrastructural
functioning.

To examine how these rationales act to stabiles the current now of infrastructure
(table XX), Covellec et al.’s (2013) four rationales are applied to reveal how the
anticipated post-sorting facility is embedded in and reinforces rather than disrupts the
existing incineration infrastructure.
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Lock-in
Rationale

Institutional

Technical

Cultural

Material

Mechanism

Legal frameworks
stabilise existing
solutions

Throughput
dependency

Narratives legitimate
infrastructure

Physical
embeddedness
constrains
alternatives

Copenhagen
manifestation
Law 898 (2022)
permitted ARC to
build a sorting
facility — due to
investments and that
it will retrieve
recyclable materials-

“actual recycling”

Amager Bakke
requires continuous
waste throughput to
produce district
heating and energy.

A symbol of
sustainable
Copenhagen.

Co-located with
Amager Bakke —
connected to heating
and energy

Empirical data

ARC 2022:
Irreversible
investments before
July 2022; ARC
2022; “EU and
Danish recycling
targets going
forward must focus
on ‘actual
recycling’.”

ARC 2023a, post-
sorting dual
function; Johan,
CO2 cost driver;

Rikke “a pre-sorting
facility for
incineration, or?”

Co-location:
recommended by
Miljostyrelsen
(2025);

Rikke, on
geographic climate
calculation

Table 3: Lock-in rationale adopted from Corvellec et al. (2013). Table created by author.

The lock-in table reveals how institutional, technical, cultural and materials
rationales mutually reinforce the current infrastructure arrangement. But Corvellec et
al. (2013) also noting that unlocking is possible. Lock-ins can be unlocked by shifts in
any of the four rationales. The shift from measuring sorted waste to measuring actual
recycling — introduced through the EU targets (ARC 2022, app, p. 34) and acknowledge
by ARC as making targets harder to achieve — represent an institutional method for
unlocking that creates pressure for change. Whether post-sorting is a response to that
pressure or a way of managing it without addressing the upstream question remains the
analytical tension this theme has traced. What is clear from the empirical data is that
material realities do not dissolve in the face of rhetorical invocation and spatio-temporal
techniques to remove waste out of sight or slow down material production. Rikke
captures this tension:



We always end up with a spiral. You cannot really avoid that. But the
question is whether you can move more slowly down the spiral. Because
there is something physical and technical in the materials that still creates
challenges (app, p. 24).

This quote point to a recognition that technical sorting interventions do not remove
materials constraints but operate with them. Post-sorting technologies can retrieve
quantities, but not bring back quality.

4.6 Summary of the five themes

This thematic analysis examined post-sorting across five themes: technical
capabilities and limitations, Waste data production enabling waste governance,
Layered and relational classification, Distributing and delegating responsibility,
Talking in circles. These themes situate post-sorting as an anticipated part of a larger
information infrastructure.

In the first theme post-sorting is established as an information extraction device
whose classificatory capacity is shaped and limited by materials resistance. Black
plastics produce no spectral signal, contamination degrades it, composite materials
generate conflicting signals, and physical stacking blocks it. There are technical add-
ons available to combat aspects of these limits (Image recognition, lasers, wider
conveyor belts), however mixed materials and contamination are factors difficult to
solve with downstream technical fixes. These are structural features of a waste stream
composed of materials designed for consumption rather than fitting the waste
classification scheme. Post-sorting, thorough these limitations might foreground some
of the needs for some larger structural changes.

In the second theme it becomes clear how weight standardisation enables governance
at distance, where quantity measures are prioritised, and the quality conversation is
silenced. Quantity is continuously measured and presented in results, while the quality
assessments are periodic and laborious, these practices reflect the recycling targets
structures where quantity is communicated as important, while quality or circular
ability of materials are negated. Rikke observes that the quality conversation has
become more silence despite increasing circular economy rhetoric. Post-sorting
visualises household sorting failure enabling residual knowledge, when aggregated
sorting failure becomes inscribed in statistics.

Theme three proposes a three-layer conceptual model of waste classification —
household, facility, market. This was not to separate, but rather to show the relational
character of the waste infrastructure. The conceptual model shows how waste
classification is not a stable system of categories, but a layered and relational
infrastructure. To foreground the depths of interdependence and technical systems an
infrastructural inversion (Bowker & Star, 1999) that requires a close assessment of
technologies and arrangements that by design and by habit fades to the background,
from some positions and situations rendered invisible. Then, the third classification
layer foregrounds the limits of post-sorting by demonstrating that materials recovery
does not equal material usability. Nevertheless, what counts as recyclable is determined
as much by oil price and market conditions as by material condition.
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The fourth theme examined how responsibility for waste classification is fragmented
and distributed across producers, citizens and waste industry. Post-sorting enters as a
second chance device potentially reliving citizens of accountability. However,
Loinkannen (2022) and Sandersen (2025) both state that citizens already are integral to
arecycling regime. The residual knowledge retrieved from post-sorting in combination
with other data can be used to communicate and install new sorting practices for
household, as seen at ROAF with the instalment of the organic fraction.

Post-sorting is publicly framed as retrieving recyclables from the waste stream, yet
operationally also functions to optimise incineration. In the fifth theme it became clear
how post-sorting is intended to function at multiple levels within the waste hierarchy.
This is highly possible and could also be necessary short-term step for reaching both
climate and recycling goals. Applying Corvellec et al.'s (2013) four lock-in rationales,
the analysis showed how institutional, technical, cultural and material dimensions
mutually reinforce current arrangement. These lock-ins are not impossible to unlock
and unlocking one can potentially change the whole infrastructure. Rikke’s depiction
of a spiral rather than a circular concludes the analysis with an honest take on recycling
and circular rhetoric, questioning all this talk of circularity but the extended focus on
quantity measures over quality assessments.



5 Discussion

The preceding analysis has argued that post-sorting functions as an information
system within a larger information infrastructure — (re)classifying materials, producing
residual knowledge and enabling governance at distance — rather than as a neutral
technical correction to household sorting failure. This framing matter because it reveals
what a purely technical or policy reading of post-sorting technologies cannot: that the
categories through which waste is classified are not given but made, that they carry
social, political and infrastructural consequences that extend well beyond the sorting
facilities (Bowker & Star, 1999). The residual fraction illustrates this: being formally
defined by what it is not — the other — a negative defined category for materials not
elsewhere classified but not without function. Completing the classification scheme
through its functioning, it is not just the ubiquitous other it is made integral to the
heating and energy infrastructure. Bowker and Star (1999) does not analyse waste
classification directly; however, they make an analytical interesting observation in
relation to residual categories that “at some point even the garbage can will have to be
ordered when it becomes large enough” (p. 175). The garbage can is referring to the
residual category in any classification system, and this quote is not to signal that the
capacity of ARC’s incinerator is pushed to the limit — because waste can be physically
and temporarily removed from sight and stored for later (Alexander & O’Hare, 2023).
Yet, from a classification theoretical perspective post-sorting is presented as an
ordering device for removing “plastic, metal, paper, carboard and cartoons” (ARC
webpage, app, p. XX44 then in relation to waste governance it seems that post-sorting
is a device of ordering uncertainty.

A device of ordering uncertainty is building on Alexander and O’Hare (2023)
concept of rhetorical invocation of unknowing waste — this however is not merely a
discursive ploy it is also summoned through technological transformation — where ARC
is not just burning wastes, but now also translating heterogenous wastes to resources.
Then, it is interesting to note how different it is discussed internally in board minutes
or by members organisation, in contrast to its selective public disclosure. It is apt to
bring back the question about construction of classification systems, and how,
following Bowker and Star (1999) “policy decisions are layered into inaccessible
technological structures” (p. 320). Following the waste hierarchy recycling is
articulated as preferable to incineration. Post-sorting is not merely a technical
installation but a materialisation of deliberate policy choices concerning how waste
should be governed. As an ordering device it is effectively part of (un)knowing waste
(Alexander & O’Hare, 2023), through this there is a risk that post-sorting might
depoliticise waste management by translating contested question about consumption
prevention and infrastructural fantasies into technical questions of sorting efficiency,
recovery rates and data optimisation. Waste discussed through post-sorting might
displace how we as a society should respond to waste — now concerned about how
effectively waste can be classified, retrieved and measured.

Analysing classification at different scales — as a layered and relational system — it
became evident that citizens remain integral to recycling infrastructure (Sandersen,
2025; Loikannen et al., 2022) yet simultaneously rendered as insufficient for achieving
recycling targets without assistance. Rather than treating citizens as active participants
(Sandersen, 2025) for co-shaping the infrastructure, post-sorting is introduced as a
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technological solution that compensates for anticipated shortcomings in household
sorting.

Post-sorting as a ‘device of ordering uncertainty’ operate to govern and quantify the
heterogenous and unruly residual category. This means that post-sorting is installed as
a technological solution, not to fix the problem but treat symptoms. The duality of post-
sorting is not explicitly communicated, maybe because it is so obvious or maybe
because it could risk undermining the whole project — as just an extension for the
modern incinerator.

5.1 Discussing the research questions

How will post-sorting function as a (re)classification system of residual waste in the
Copenhagen waste infrastructure?

Post-sorting is presented as an extension to the current household sorting practices,
it enters as a secondary classification layer — corrective in its design, co-constitutive in
effect. It is corrective as it is installed to systematically repair breakdowns at the
household (primary), retrieving materials that citizens cannot and do not sort. It is co-
constitutive in its relational installation, as what is retrieved is dependent on the
character of the residual stream, which is determined by the households. Thus, its
corrective functionality structurally tolerated misclassifications. At the third layer
waste is not classified based on visual perception or spectral capabilities but material
condition and market demands, where the unruliness of waste is assessed by rigid
standards and competing industries.

The waste infrastructure in this thesis is analysed as a working infrastructure. This
does not imply that it is good, bad or neutral (Howe et al., 2016) when claiming it is
working (managed). It manages waste by removing it out of sight, translating it to
energy and heating, and some waste is also transported to other countries for recycling
— then returned as recycled products-for-consumption. However, the three-layered
classification system where post-sorting is placed in the middle as a promising
technological solution for reaching the recycling targets, with the possibility of adding
on image recognition, sounds progressive and impressive — providing the impression
that reducing waste is only achieved through technological advancements and
optimisation. This points towards optimising the current infrastructure for managing
waste which is structurally different from a waste prevention infrastructure. As Gille
(2007) observes through Bowker and Star (1999), the act of wasting always involves
classification and displacement — as long as the formal residual category remains
functionally tied to incineration, the classification system is maintained completed
being tied to the energy and heating infrastructures.



What data is produced through post-sorting, and how does this data govern waste
management practices?

Weight is articulated by the waste industry as their primary data source. The data
does not remain internally, it travels outside the facility and into policy rooms paving
the way for investments, targets, meaning and knowledge. ARC relies on calculation of
predicted numbers in their presentation of the anticipated technology — proudly
presenting number of wastes that will be retrieved in weight and percentage?.
Quantification of waste functions as a technology of distance (Porter, 1995) as it bridges
the local with the global, as it points very effectively to number of wastes in weight
retrieved from the uncertain residual fractions — it communicates to different
communities effectively translating non-uniform waste to calculable numbers figuring
in statistics and reports. In turn, this quantification serves to justify investments or
proposal for new more or fewer waste fractions.

Gille (2007) observes, that how numbers are framed is not accidental, which relates
back to what is being classified, and, how and why, but also concerned with material
complexity — where materials often being too complex for the categorise (e. g. plastics).
The NIR sensors act as extraction devices revealing material and waste stream
complexity: receiving conflicting, ambiguous signal, no signals, and for some materials
classifying based on absence. Yet still the role of post-sorting is to capture these
materials, classify and categorise the materials — this can generate data about the
residual fraction, which can be structured as aggregated information about sorting
practices. Combining this information with the daily experiences of dealing with the
consequences of materials transported through the facility might take shape as
knowledge potentially influencing infrastructural change.

Post-sorting thus translates residual waste into a knowable object within the
infrastructure it governs by functioning as a calculative device of knowing waste
(Alexander & O’Hare, 2023). Yet this visibility is partial rather than total. Making
waste measurable and quantifiable at the local level, its subsequent movements through
transportation, resorting and recycling markets remain less visible. This evoke the act
of framing as part of the calculative waste, classifying what to measure — witnessing
how knowing and unknowing waste are co-produced — because the residual knowledge
is materialised in numbers while the waste itself is made travel and reprocessed.
Through calculative technologies turns waste into information about practices in one
place, though the waste itself is spatially removed from its origin. Therefore, drawing
from Alexander and O’Hare (2023) technologies of (un)knowing waste post-sorting
does not unknown residual waste because it interrogates it.

8 ARC predicts that they will sort 8,500 tonnes recyclable material from the waste stream which
results in 6.5% - 7% of the total residual waste
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(un)knowing waste through post-sorting operate as a device of ordering uncertainty,
governing for the anticipation of waste, not governing for preventing waste. Its
integration is based on ‘not good enough’ sorting, where poor sorting and not reaching
the recycling target is framed as a problem, then introducing another classification track
this problem might be solved. Governing for throughput of waste abstract away
rethinking how waste becomes and is viewed in the first place (Alleblas & Hotbauer,
2024) . Post-sorting together with sufficient household sorting might reach the
recycling targets allowing us to continue business-as-usual.

How is responsibility for waste classification distributed across the waste
infrastructure, and what happens to responsibility when elements of sorting are
delegated to technologies?

Responsibility across the waste infrastructure is neither fixed nor located in a single
actor. Instead, responsibility for waste is described as shared between citizens, waste
organisations, sorting technologies, market actors and producers. The introduction of
post-sorting does not remove responsibility form either of these actors — rather
rearranges it across more human and technological arrangements. While the machine
is now situated as responsible for recovering misclassifications, households remain
responsible for producing a sufficiently sortable residual stream. Therefore,
responsibility is not translated from citizens to technology but shared across the
infrastructures.

Distribution of responsibility sounds cooperative — where everyone contributes to
the functioning of infrastructures. Distributed across waste infrastructures signals
different views of where and how responsibility is enacted. Noting that distribution of
responsibility is enacted differently within the infrastructure based on position and
situation: for households’ responsibility is imposed from the formal classification
scheme (ten-category system). The classification system actively tries to change
people’s relationship to waste — from just discarding, to sorting. Where moral obligation
is “'placed in the bin’, as the classification system embodies moral and aesthetic choices
(Bowker & Star, 1999, p. 4) that aims to shape how people dispose their waste. These
inscriptions are part of a larger network where waste — through inscriptions and policies
— is tried shifted into a resource (Eriksen, 2022) both rhetorically and technically but
also its social reality. Loikannen et al. (2022) terms this “waste citizenship” pointing to
how responsibility for waste for practically turning it into a resource is placed on the
citizens.

Post-sorting might foreground residual knowledge, at ROAF this led to changes in
the classification system, but there were more actors involved in this change, as Bowker
and Star (1999) reminds us “there is a lot of hard labor in effortless ease” (p. 9) of
making classification system works, in ROAFs case this relates to the workers clearing
and cleaning organic waste from sensors and whatnots affecting classification activity
and materials quality. In reaction to this work ROAF reorganised their classification
system by introducing another bin, installed with less space and less frequent collection
— rearranging responsibility for sorting organic waste to the households.



Delegating elements of sorting to post-sorting technologies are related to how
infrastructures are made (in)visible in relation to selective communication and
economical concerns. Rikke makes this explicit: telling citizens to keep sorting their
waste, while it is being sorted again centrally and paying for this resorting — an
arrangement which might come at a price (app, p. 22; see also ARC 2023b, app, p. 34
as who pays for the sorting facility is not decided). The selective disclosure when
retrofitting relates to making the infrastructure “future proof” (Edwards et al., 2009),
where post-sorting is introduced carefully as a supplement in relation to the good sorters
in Copenhagen. Because if the citizens “find out” about post-sorting’s existence they
might question why they are required to classify waste into ten-categories (also if there
is a marginal market for recycled paper citizens might question the need for sorting this
as well). The answer to why citizens need to continue to sort in collaboration with post-
sorting is because it cannot restore quality requiring household sorting if the question
is recycling quality materials. This is technically correct but might be difficult to
communicate as there might not only be disagreement on the answers but also on the
questions. The spatio-temporal requirements in combination with economic burden of
household sorting and post-sorting might also make conveying this hybrid sorting
arrangement.

5.2 Information Studies contribution

Seeing post-sorting as a interdependent information system through from a critical
theoretical perspective, rather than a technical sorting machine foregrounded the social
and material elements of classification, rather than only the technical. Bowker and Star
(1999) observe that information scientists design and choose classification system
‘daily, “yet few see them as artifacts embodying moral and aesthetic choices that in
turn craft people's identities, aspirations, and dignity” (p. 4). Applying classification
theory to post-sorting means question what feels natural in how waste is ordered. Post-
sorting operates the residual category, interrogating and counting households’
classification failure; this data becomes aggregated information about household
practices that can be translated into residual knowledge and inscribed back into the
infrastructure as new sorting demands. The residual category is not maintained as the
ubiquitous other, it is functional and formally integrated in the infrastructure. This
means municipal waste is an act of classification in itself, rendered visible and active
whereas other forms of waste are kept silent.
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6 Conclusion

This thesis set out to examine post-sorting as a (re)classification technology within
Copenhagen’s waste infrastructures, asking how it classifies residual waste, what data
it produces and how responsibility is distributed across these infrastructures. The
intentions were not to analyse how its performance or whether the technology is
immature. However, a faith in technological solutions as observed by (Bredsdorff &
Wittrup, 2015) is also implicit in this thesis — where post-sorting investments is justified
based on achieving more recycling.

The residual category is a negatively defined category, officially classified as
nonrecyclable, yet in practice it is a complex, mixed and dynamic stream essential to
existing infrastructures fuelling Amager Bakke’s waste-to-energy production. This
produces a tension the thesis has traced throughout: residual waste is framed
simultaneously as household classification failure and as infrastructural necessity. Post-
sorting is intended to correct the first, while extending and purifying the later.

Where ‘source sorting’ makes household classification success visible, post-sorting
as an information system renders household sorting failures visible. The waste
categories through which waste is classified has been analysed as socio-political
constructs (Bowker & Star, 1999). Technologically, the NIR sensors (re)classify the
residual stream, but their classificatory capacity is shaped and limited but the material
resistance of waste. Materials are based on production standards different to waste
categories. Informationally, post-sorting produces data — the term residual knowledge
was used in the analysis conceptualising how data about waste can through co-
production turn into knowledge — traveling from facility to policy back to the
households, where quantification becomes a tool for governing at distance (Porter,
1995). Currently in the waste industry there is a lack of quality assessments and actions,
in comparison to how much discussions there is about circular economy. Weight
measures are prioritised, this data is what justifies and legitimises new investments and
arrangements. While ARC might be able to retrieve 6,5% recyclable materials, there is
not guarantee that 100% of these will be recycled. Post-sorting thus takes the position
as a technology for making amends with new contingencies, such as the EU recycling
targets (60% of municipal waste by 2030), circular ambitions and environmental
targets. As such the technical classification capabilities is not only a technical question
but also a political one — determining which materials to be retrieved and what to not
retrieve, which waste becomes visible through data and what to render invisible
(Offenhuber, 2017) .

The numbers operate to legitimise and justify investments and decisions, but also
sustaining its role as a public good and preserving the imaginary of the tidy city
(Alleblas & Hofbauer, 2024). Quantification thus contributes to maintaining the
infrastructures partial invisibility — waste is measured, accounted for and reported,
while material realities and labour behind the numbers recede into the background.



Post-sorting enters here as a technological solution that treats symptoms rather than the
cause, making the residual stream knowable and recoverable without addressing why
the residual stream contains recyclables in the first place. The symptom treating
technology does also sustain Amager Bakke as being a symbol of progressive waste
management by reducing number of plastic incinerated, where leisure and consumption
on the waste-mountain can unfold in the future surrounded by fresh fossil free air.

This symptom-treating role is also why post-sorting does not disrupt the
infrastructure it enters but acts to order it. Applying Corvellec et al.’s (2013) four lock-
in rationales in both the literature and analysis points to a common trait of large-scale
systems. In the analysis lock-in points to why the connection between the residual
category and incineration is difficult to break, where the technical rationale is clearest
in relation to post-sorting. Amager Bakke requires a continues throughput of waste to
produce district heating (90,000 households) and electricity (80.000 households), post-
sorting both reduce the amount available for incineration and CO2 emitted.
Reclassifying the residual waste purifies the incineration, but not the requirement that
something is burned.

Moving beyond a purely technical information system analysis of post-sorting
reveals it as interdependent — not only on operators, sorting practices and recycling
markets, but also on trust. The question of trust is something both the waste industry
and Copenhagen municipality (Saether, 2025) are concerned with. The industry is also
pointing to trust as an aspect internally between waste facility and recycling vendors.
Waste is often re-weighed at the vendor, the question of trust arises it is interpreted as
related to the spatio-temporal conditions of the waste infrastructure and materials
realities (e. g. wet organic waste dries, plastics lost during transportation) causes
uncertainty, the complexity of waste management is visualised here. Numbers mean
different things in different communities, but numbers alone are rarely enough.

Trust in relation to post-sorting of waste concerns on one hand how the technology
is communicated and framed, while on the other how household classification work is
appreciated and included in formal discourses about circular economy and recycling
targets. This emotional concern is related to how Howe et al. (2016) explores the
conceptual and material capacities of infrastructure, especially anticipated
infrastructure though retrofitting — birding the present with the future. Thus, this finding
points to what Howe et al. (2016) refers to as the ontological oxymoron when
retrofitting infrastructure — as trust is one of the pillars for a functioning waste
infrastructure — as there is little doubt on the technical capabilities compared to the
softer aspects of how to frame, present and talk about retrofitting infrastructure. Then,
if trust degenerates responsibility for waste sorting might follow.

These softer dimensions of infrastructure — trust, framing, appreciation,
responsibility — tend to recede into the background, becoming more apparent when the
infrastructures are challenged and analysed rather than taken for granted (Bowker &
Star, 1999). Moving the softer aspects and classification work to the background. Then
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by opening the classification system, tracing waste trajectory from household bin to
recycling via the NIR sensors and made operational because of daily clearing and
cleaning — foregrounded an understanding of how waste is classified differently
depending infrastructural arrangements, demand and practices.

Post-sorting is introduced as a retrieval device, for structuring the residual stream
and part of a larger institution concerned about managing waste, it is not a radical
instrument of change. It governs consequences of waste production rather than its
causes. The future of the residual waste stream is uncertain. Post-sorting is constructed
as capable of handling some uncertainty, but not a dramatic change: as such post-sorting
is designed to manage quantity, not restore quality.
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