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Abstract

Decay is usually understood as a process in which things break down, rot, and ruin. At first glance,
the idea of decay is rather alien to our understanding of productive activity. In the context of the
circular economy, however, the process of decomposition is harnessed as a tool of production
through the anaerobic digestion of biowaste. In this process, waste turns into energy and nutritious
fertilizer. This article studies decay as a mode of production in the context of the circular economy
transition by focusing on more-than-human waste work carried out by microbes. The article is
based on ethnographic fieldwork conducted in two Finnish biogas plants and interview material col-
lected in Finland and Sweden. The article draws from the concepts of encounter value, marketization
and digestive assemblages and studies how value is produced in three different phases of break down:
biowaste, slurry, and digestate. It investigates the paradox of value creation and ruination, and aims to
enrich the concept of production in the context of the circular economy through the introduction of
decay as a value-producing process based on microbial work. Our analysis illustrates how the things
produced in the process are not always desirable and how creating economic value for the end pro-
ducts of the biogas process is a volatile endeavor. Through our analysis, we argue that while the logic of
the circular economy enables celebrating decay as a mode of capitalist production, the value produced
through decay is still not necessarily mainly economic but, rather, symbolic.
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Introduction

This article spotlights the social life of microbes — invisible waste workers that contribute to waste
treatment practices in endless ways. Specifically, we focus on the work of microbes in the context of
anaerobic digestion at biogas plants. Anaerobic digestion is a process in which various kinds of
microbes break down organic waste in the absence of oxygen. In biogas plants, this process of
decay produces two different tradeable products: biogas and fertilizers. Through transforming
organic waste into these products, biogas plants adopt the circular economy (CE) as their business
model. The CE is a model that is highly celebrated globally (Winans et al., 2017). The idea of the
CE is that in the age of consumerism and abundance, societies are able to reuse and transform
material in order to reduce waste. In the process, new values and products are created, thus dem-
onstrating the saying that “your trash is someone else’s treasure” (see also Reno, 2009) (Image 1).

Decay has often been understood as a process in which things rot, ruin, and lose their value.
Although the process as such is neither productive nor non-productive, it is widely used for prof-
itable aims. Through the example of anaerobic digestion in the biogas industry, we demonstrate
how decay can be seen as a productive process that may create economic, symbolic, and environ-
mental value.

Decay has been previously studied, among other ways, through focusing on our entanglements
with waste — as our way of life produces enormous masses of waste, we are constantly living in the
ruins of capitalist production while, at the same time, the practices of wasting transform the envir-
onment into ruins (Pyyhtinen et al., 2023). Furthermore, ideas such as “broken world thinking”
have aimed to direct attention away from processes of growth and progress toward decay and break-
down (Jackson, 2013). As things and infrastructure are in a constant process of decay, they also
require constant, mostly invisible maintenance and repair practices — work that creates the
“normal” order of things and that we often take for granted in our everyday lives (Graham and
Thrift, 2007). Decay, alongside repair and maintenance, can be understood as a specific phase of
infrastructure’s lifespan — one that is closely tied to issues of social (in)justice and the uneven dis-
tribution of resources (Ramakrishnan et al., 2021).

In this article, however, our focus is not on the practices of repair and maintenance that aim to
create non-decay; instead, we illustrate how the process of break down itself can be made product-
ive through different practices. Although these practices may, and often do, still entail maintenance
and repair, rather than aiming to solve the problems caused by decay, this repair and maintenance
aims to embrace decay. However, in the same manner as, for example, water infrastructure (see
Hurst et al., 2022), waste infrastructure operates through the doings of both human and
more-than-human actors. Thus, we investigate decay through a more-than-human lens.

Image |. Anaerobic microbes (Source: Pixabay).
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In more detail, we examine the microbial process in which biowaste breaks down. In this process
of decay, microbes feed on biowaste, and this transforms the waste into matter that can be utilized
by humans, which enables capitalist production. While there exists a large body of research that has
criticized the CE from multiple perspectives (see, e.g., Corvellec et al., 2022; Korhonen et al.,
2018), few studies so far have critically examined the logic of production in the context of the
CE or the potential of decay as a capitalist mode of production.

By focusing on decay as a productive process, the article expands the social scientific discussion
on value production (Greeson et al., 2020; Helgesson and Muniesa, 2013; Muniesa, 2012), espe-
cially the understanding of the role of more-than-human actors in production and value creation
processes (Coulter, 2016; Porcher, 2014). Our analysis also contributes to the current literature
on the CE (Holmberg and Ideland, 2021; Lehtokunnas and Pyyhtinen, 2023; Hobson et al.,
2021; Schulz et al., 2019) by reassessing and complicating the ideas of value production in the
context of the CE. We argue that examining decay is crucial for critically assessing the anthropo-
centric logic of the CE. The present article thus departs from the apparent paradox of value creation
and ruination and aims to enrich the concept of production in the context of the CE through intro-
ducing decay as a value-producing process based on microbial work.

When examining microbial work, we draw on the concept of “encounter value” (Barua, 2016;
Haraway, 2008). Encounter value refers to a relational understanding of value production in which
non-humans are seen as laboring subjects. According to this understanding, value is produced in
encounters between different species, such as — in our case — humans and microbes. However,
although decay can produce value, the circularity of biowaste is difficult to uphold due to legal,
social, and technical obstacles. In our example of biogas production, the flow of incoming biowaste
needs to be stable in order to secure the supply and demand balance, and there is constant “make up
work” being performed in order to juggle this balance (Holmberg and Ideland, 2021). This means
that the CE and production in this context need close maintenance to run effectively. Thus, while
microbes work to break down the waste, infrastructure, management, policy, markets, and mainten-
ance practices are also needed. Together with microbial work, these elements shape the marketiza-
tion (Caligkan and Callon, 2010; Piitz, 2021) of biowaste and fertilizers.

We explore the different more-than-human elements that participate in the process of pro-
duction and contribute to turning biowaste into valuable goods, through the lens of “digestive
assemblages” (Holmberg, 2019). This choice follows the argument above about the
more-than-human approach to production and how decay provides new ways of imagining
agency and rationality in the CE. Assemblage thinking attends to relationality, effects, and pro-
cesses, which is productive if one wants to open up new critical yet constructive ways of doing
social science (McFarlane and Andersson, 2011). In our specific case, microbes are at the very
heart of analysis because they eat their way through masses of biowaste and release gas. Thus,
the term “digestive” is a fitting one to pinpoint microbial action. Digestive assemblage thus
refers to the assembly of actors and devices that run through the biogas chambers, enabling
the value producing decay process.

Our data consist of fieldwork conducted in Finnish biogas plants and expert interviews with
people working in the biogas sector in Finland and Sweden. In our analysis, we problematize
the idea of a perfect CE by showing how microbes are not able to work with all the different mater-
ial that arrives at the plants with biowaste, and how these materials thus decay in uncontrollable and
undesirable ways. By shifting attention to production as a more-than-human process we illustrate
how the human-centered idea of efficient production in the context of the CE may sometimes clash
with the reality of microbial work. Our examination reveals how decay as a mode of production
does not simply mean producing things that humans desire; the work of microbes also produces
different kinds of problematic — unwanted — material. Moreover, we show that, on some occasions,
it is not clear whether the value produced by microbes is economic but, rather, symbolic.
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In the following, we review the theoretical framework that guides this article, paying close atten-
tion to the significance of biogas production and microbial work for the operation of the CE. We
also develop the concepts of encounter value, digestive assemblages, and marketization in more
detail. After this theoretical review, the ethnographic and interview data are presented. The follow-
ing analysis section is organized into three different material phases of decay: biowaste, slurry, and
digestate. Finally, we conclude by discussing our results and focus on the specifics of value produc-
tion through microbial work and the potential of our case to problematize the human-centered idea
of production in the context of the CE.

Decay as a mode of production

The circular economy and the microbial work of decay

In the EU, CE is currently seen as one of the main components of the transition toward “sustainable
economic growth” (EU Commission, n.d.). Developing the operational environment of biogas
plants is a central part of Finnish and Swedish national efforts for transitioning to a CE (see,
e.g., Regeringskansliet, 2020; SOU 2019:63, 2019; Akerman et al., 2020), especially through
increasing the production of renewable energy and the circulation of nutrients through biogas pro-
duction. The CE is opposed to the linear economic model of take-make—use—dispose, in which
materials are exploited and then disposed of. Instead, the CE aims to “close the loops” by
making materials circulate through reducing, reusing, and recycling (Ghisellini et al., 2016). The
most optimistic promoters even highlight complete elimination of waste through the CE (Ellen
McArthur Foundation, n.d.). However, CE as a model and ideology has also been critiqued from
multiple different perspectives (see, e.g., Corvellec et al., 2022). Numerous scholars have, for
example, pointed out that the slogan of waste to treasure is not as simple as it sounds but requires
hands-on work, sensory practices, infrastructures, policies, and technology (Gille, 2010: 1054;
Holmberg and Ideland, 2021; Lepawsky and McNabb, 2010; Lehtonen and Pyyhtinen, 2020).
Along the way, the valuable gets turned into new trash that, in turn, gains new value in open-ended
systems. Moreover, in practice, circular economies are packed with conflicts of goals. In biogas pro-
duction, the ecological goal of recycling waste is at times not profitable, and infrastructures for
biogas production demand a steady flow of new and more waste (Holmberg and Ideland, 2021).
Moreover, biogas production is a CE solution that is largely based on technological solutionism
and that “does not politically disrupt existing systems of environmental governance” (Koh,
2025: 1).

As stated previously, we problematize the idea of production in the context of the CE by focus-
ing on decay as a productive, but also unruly, process of microbial work at biogas plants. According
to dictionary definitions, the noun “decay” signifies rot and waste, and even death itself. It might be
smelly, hazardous, or polluting. However, decay also refers to various things that get broken down
and gradually move toward worthlessness. Typically, from a human perspective, the decomposition
of biowaste in biogas facilities is framed as a passive or negative unilateral process of decay.
Questioning this image, Ghassan Hage (2021) delves into the multiple meanings of decay, in par-
ticular its mortal figuration. For Hage, decay is, foremost, a liminal space as it signifies the
not-yet-dead. Decay is the process of becoming dead or returning back to life. He thus puts the
model to work in order to analyze social change. In a similar fashion, we investigate the process
of biogas production through the lens of decay.

Biowaste cannot decay without microbes, which are particularly interesting multi-species
workers. At biogas plants, microbes digest biowaste that is then converted into new products
that ideally enter new economic cycles. However, regardless of their significance to the CE,
microbes are not “big like us,” and thus they have for a long time passed under the radar of scholars
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in the humanities and social sciences (Hird, 2009). Bacteria have moved from being viewed solely
as disease-generating enemies that need to be combatted to create and keep a healthy population, to
being positioned as friendly allies that help human — and animal — bodies function (see e.g.,
Grondal, 2018). Microbe/human ecosystems have even been elevated to a role model for how
humans should be involved in ecological relations (Paxson and Helmreich, 2014). This shift in
our way of relating to microbes has been conceptualized as “microbiopolitics” (Paxson, 2008),
implying a kind of microbial workforce. The concept refers to the ways in which humans live
with microbes and how human encounters with microbes are governed through different practices.
The work that microbes perform may be viewed in terms of the domestication times/spaces of waste
infrastructures. As specific kinds of waste infrastructures, biogas plants can also be seen as
“more-than-human contact zones” (Haraway, 2008; Isaacs and Otruba, 2019), where humans
and microbes encounter in particular ways. In the following section, we spell out how these encoun-
ters are crucial for value production in the context of the CE.

Digestive assemblages, encounter value and the marketization of biowaste and fertilizers

Although the work of microbes is crucial for the decay process, microbes alone cannot turn bio-
waste into valuable products at biogas plants. As mentioned above, to examine the decay
process as a mode of production, we draw from the concept of digestive assemblage. Digestive
assemblages are constituted by multiple, heterogeneous kinds of actors — waste infrastructure,
plant workers, legislation, biowaste, and so on — that participate in the process in which waste
decays. Assemblages often imply processes rather than a particular state as well as a decentering
of human actors and human intentionality (Bennett, 2010). As we zoom in on microbes and
decay activities, we follow the waste flows into the biogas plants and the ways in which these
tiny actors assemble with others along the route. Biowaste (over)flows the world and mobilizes rela-
tions and microbes are indispensable to these assemblages of “waste-worlds” (Hird, 2016). The
notion of digestive assemblage thus refers to the complex metabolic relations in which the
excess produced by economic activities get digested, simultaneously creating new products and
new kinds of excess.

To conceptualize microbial work along the digestive assemblage, we draw on the concept of
encounter value (Barua, 2016). Simply put, encounter value refers to different kinds of values
that are produced through and in the encounters between humans and animals. Building on
Donna Haraway’s (2008) concepts of encounter value and lively commodities, Maan Barua
states that “encounter value can be thought of as that process of value generation where bodies,
ethologies and liveliness of an animal makes a difference to, and is constitutive of, those very rela-
tions that render or mobilize it as a commodity” (Barua, 2016: 728).

So far, the concept of encounter value has mainly been used to study encounters between
humans and mammals. These studies have analyzed the impacts of the liveliness of animals on
the process of commodification (Barua, 2016; Piitz, 2021), among other things. For example, eco-
tourism and biodiversity conservation in India have been studied as settings in which humans can
encounter “charismatic” (Lorimer, 2007) animals, such as lions and elephants (Barua, 2016). These
encounters between nonhuman animals and humans create capital for those who harness the lives of
such animals. Encounter value can also differ by context. In his study on the marketization of the
American Mustang, Robert Piitz (2021) shows how encounter value is constituted through the situ-
ated encounters between individual humans and horses. In these encounters, Piitz highlights, affec-
tion and corporeal communication between the human and the horse are central.

Microbes are not charismatic in the same way lions or elephants are, and human—microbe rela-
tions are not always affective. However, in the context of biogas production, creating encounter
value with microbes still requires being attuned to them and understanding what kind of effects
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different actions and waste batches may have on them. Thus, the production of value depends on the
careful orchestration of encounters between humans and microbes. By focusing on encounter value
production in the context of microbial work, we highlight how microbes are not simply a resource
that humans can utilize to produce capitalist value; they can also be perceived as social actors that
have the capacity to affect social, environmental, and economic relations. In our analysis, we utilize
the concept of encounter value to examine how value production happens in different human—
microbe encounters within the digestive assemblage.

The digestive assemblage is also connected to multiple different relations far beyond the biogas
plants. This becomes especially apparent when we consider the fact that microbes do not only
conduct the labor of breaking down the waste but are also central from the viewpoint of the market-
ization (Caligkan and Callon, 2010) of the end products of the biogas production process. Following
Koray Caliskan and Michel Callon (2010), by marketization, we refer to the active practices of cre-
ating markets for things. Marketization involves sociotechnical assemblages that consist of the mul-
tiple human and more-than-human elements, such as rules, technologies, knowledge, and embodied
competences, that are crucial to the formation of markets. As the environmental and economic value
of biogas and fertilizers depends on the microbial decay processes, microbes participate in the
marketization of these products. However, as we show in our analysis, the possibilities for the
marketization of these products are also shaped by multiple other actors (see also Lehtokunnas
and Pyyhtinen, 2023), which often complicates the process of creating economic value.
Moreover, as our analyses illustrate, microbial work can also generate forms of production that
hinder the process of marketization and even completely compromise human-centered understand-
ings of value and economic production.

Data and methods

Our data consist of ethnographic observations conducted in two Finnish biogas plants during 2021
and interviews with Finnish and Swedish biogas experts conducted between 2019 and 2021. The
ethnographic fieldwork was conducted by the first author and lasted three weeks in total. During
the fieldwork, the first author spent approximately five hours per day at the plants, talked with
the plant workers, and helped out with some simple work tasks. Based on ethnographic observation
and interviews, she wrote short jottings daily in the field and later expanded them into detailed field
diary entries after each field day (79 pages in total) (Emerson et al., 1995). In addition, both authors
have conducted expert interviews related to biogas production in Finnish and Swedish contexts.
The interview data consist of 20 semi-structured interviews with Finnish and Swedish biogas
experts.! These experts worked as managers at the biogas plants that we studied but also had
key positions in other parts of the waste chain.

The data was analyzed through directed content analysis (Assarroudi et al., 2018). This means
that the theoretical concepts of encounter value, digestive assemblages and marketization guided
the analysis of the fieldwork notes and interview transcripts from the beginning. The analysis of
the data started from systematic reading. During this phase, we were sensitive to instances that
related to the work of microbes in the biogas production process. After this, we decided to
divide the analysis section based on the different phases of the biogas production process, since
the work of microbes was visible in different ways in these different phases. Finally, we wrote
the analysis based on our findings related to the work of microbes.

It is crucial to note that although the data collection was conducted in two different countries, the
legislation and problems of biogas production in these countries are rather similar, partly because
both countries are EU Member States. In practice, for example, this means that sewage sludge and
biowaste cannot be mixed in biogas plants, and this sets certain conditions for the production
process. There are, however, also some differences between the two countries: in Sweden,



Lehtokunnas and Holmberg 7

OUTPUTS

& renergon

0000

Image 2. The biogas production process. (Source: Wiki commons, retrieved 23 August 2024. Creator:
Thzorro77. Created under the license CC BY-SA 4.0: https:/creativecommons.org/licenses/by-sa/4.0/deed.en.
Link to the content: https://commons.wikimedia.org/wiki/File:Biogas_Plant_Massflow.png).

households often pack their biowaste in paper bags, while Finnish households often
use biodegradable plastic bags. However, regardless of differences in the production
process, the work of microbes that is in the focus of this paper is still similar in both national
contexts.

Analysis

Although biogas plants take different shapes and forms and are organized in different ways — both
architecturally and according to different business models — the plants we studied through ethno-
graphic observation and interviews still follow a similar model. Some of them, however, were
larger in their capacity to treat waste than others, and some were privately owned while some
were public enterprises. Yet, what was common was that they provided biowaste treatment services
both for municipalities and private companies. In what follows, based on the ethnographic field-
work conducted by the first author and the interviews carried out by both authors, we dive into
the details of the work that goes on in the facilities and “follow the trash” (Holmberg and
Ideland, 2021) as it flows and moves through different modes: from unsorted biowaste, to slurry,
to digestate and gas (Image 2).

Biowaste

In this section, we analyze the orchestration of encounters between humans, different materials, and
microbes in the first stage of decay at biogas plants — that is, the pretreatment process. At this stage,
the pretreatment machinery in the plants crushes the biowaste and removes contaminants, such as
packaging and metal, from it. The working of the pretreatment machinery is crucial for fostering the
right kind of decay. This is because the material that arrives at the plants and that is treated under the
title “biowaste” contains different materials that have very different liveliness and durability (see
also Hawkins, 2023). It is rather fluid — in one of the plants, according to a waste trader interviewed,
about a third consists of oil from grease separators. However, too much oil may disturb the
microbes and hinder their work:

Grease separators are interesting, they are taken from food production, in industries and commercial
kitchens and things like that- /.../And fat is good to rot, it will disappear, we rot it all away, but you
can’t push too much because then it will, the bacteria don’t really like that. /.../ Then they get fat
and then they don’t want to do anything. (Interview, April 2019)

This example illustrates a conflict of goals: on the one hand, a high level of fat content is pure and
thus good for biogas production, but on the other hand, it is too massive for the microbes and risks
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Image 3. Analyzing plastic (Source: Tora Holmberg).

being too one-sided as feed. The microbial workers need feed of the right kind and pace — as will be
shown later.

In addition to the fact that the composition of the feed varies, biowaste is often packed in differ-
ent kinds of wrapping: households usually pack their biowaste in biodegradable biowaste bags (and
sometimes even in regular plastic bags), while the waste that comes from supermarkets and food
industry businesses is packed in its original packaging. Moreover, sand often ends up among bio-
waste when biowaste bags are stored on the floor of biowaste reception halls at the plants. Microbes
can work with the organic matter that biowaste contains (food scraps, peel, bones), but they cannot
break down plastic, sand, and metal.

Machinery that removes packaging and other contaminants from biowaste is thus crucial for the
plants. While the first author was shoveling dirt from the floor of the pretreatment hall together with
the maintenance workers at one of the plants, they told her that the facility has very efficient plastic
separation machinery that they have actively developed and enhanced over time. The plant machin-
ery is constantly tinkered with when one gains knowledge and experience on the operation of the
plant and the work of microbes. This illustrates how the digestion of biowaste at biogas plants
cannot occur solely through the work of microbes; repair and maintenance practices are also
crucial to the decay process. However, in addition that encounter value production requires
repair and maintenance practices, the overflowing material that cannot be digested by microbes
must be processed through alternative means, such as by transferring it to waste incineration
plants. Thus, while plant workers and their repair practices are important parts of the digestive
assemblage, the wider waste infrastructure is also crucial (Image 3).

It is, however, quite common for the pretreatment machinery (especially the plastic separation
one) of biogas plants to not work very well, and because of this, microplastics may end up in
biogas reactors (Oling-Wirn4 et al., 2023), resulting in the production of biogas decreasing due
to there being less space for biowaste within the reactors. While it may seem obvious that removing
contaminants—such as plastic packaging—from biowaste at the source would solve most of the
problems, doing so would require significant additional effort from supermarket employees and
other business staff. This added workload could lead to economic inefficiencies in their operations.
These problems illustrate that while the digestive assemblage is connected to wider waste infra-
structures, such as waste incineration plants, it also relies on the waste sorting practices of house-
holds and businesses before waste enters the biogas plants. Plastics among biowaste slurry thus
show that practices that are considered “efficient” in one context can create indigestion and ineffi-
ciency elsewhere in the assemblage.

However, it is crucial to note that despite the problems related to plastics, most of the material
arriving at the plants is still suitable from the perspective of microbial work. The microbes start their
work of breaking down waste before the waste arrives at the plants. Because of this, the biowaste
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that is loaded into the biowaste reception and pretreatment hall is smelly and slimy, and the floors of
biowaste pretreatment facilities are full of fluid that drains out from the biowaste bags. This goo
needs to be constantly cleaned and washed from the floors — microbes are messy workers, and
encounter value production requires human labor to clean up. Moreover, microbes not only
produce the desired methane, but also other, dangerous, gases, namely, hydrogen sulfide. The
plants need to monitor the amount of this gas in their facilities, especially in the biowaste pretreat-
ment hall. When the first author was conducting fieldwork, one of the maintenance workers warned
her about hydrogen sulfide while they were cleaning the floor of the pretreatment hall together:

The maintenance worker asked me if I knew the smell of hydrogen sulfide. I answered that I was not
completely sure, and then the maintenance worker told me that it smells like rotten eggs. He told me
that I should be cautious if I detect an odor like that. (Field diary entry, May 2021)

Although some waste batches, such as eggs, produce more hydrogen sulfide than others, biogas
plants need to treat (almost) all kinds of biowaste, since the internal competition for incoming bio-
waste is so intense. Some waste batches may also cause other kinds of problems in the process, such
as foaming. The problems caused by potentially unsuitable or otherwise problematic waste batches
have consequences also from the viewpoint of encounter value production with microbes.
Compared to many other forms of production in which non-human bodies such as cows or dogs
(Haraway, 2008) are involved, decay as a form of production is different. While the diet of
many domesticated animals that create added value is strictly controlled to produce desirable out-
comes from the viewpoint of production (see, e.g., Driessen and Heutinck, 2015), the diet of
microbes cannot be closely controlled. These issues also illustrate how biowaste is not homogenous
mass but is “vibrant matter” (Bennett, 2010) that may create different kinds of effects in the digest-
ive assemblage. Thus, microbes and the process of decay at the plants do not often work according
to anthropocentric logic of efficient production. Because of this, the plants need to deal with the
problems this potentially causes by, for example, using monitoring technology for gases such as
hydrogen sulfide. This is crucial from the viewpoint of orchestrating the encounters between
humans and microbes and being attuned both to the reality of microbial work and the process of
decay in a micro-bio-political play (Paxson, 2008).

Moreover, the need to include and treat (almost) all kinds of biowaste once again illustrates how
digestive assemblages are connected to the wider networks of waste economy. All biowaste that
people produce needs to be treated in one way or another, regardless of the potential flaws it
creates in the decay process. While in the context of the CE, biowaste has been turned into a
resource for biogas production that the plants compete over, still all biowaste is not necessarily
optimal material from a business model perspective. Considering the digestive assemblage, the
understandings and goals related to efficient production may sometimes clash both with the
reality of microbial work and imperatives related to treating waste in the most ecological and effi-
cient way. In the next section, we further illuminate the practices of balancing between the produc-
tionist logic of biogas production and the unruliness and uncontrollability of microbial work.

Slurry

After the pretreatment process, biowaste has been crushed, squeezed, and liquidized into slurry — a
wet, mucky, brownish substance. Being runny, it is moved through pipes into specific containers, in
which its’ temperature is kept around 35—40 degrees Celsius. It is important to keep the temperature
of the slurry suitable for the microbes to enable them to work as efficiently as possible. From the
containers, the slurry is fed to the biogas reactors at a suitable pace. Inside the reactors, the microbes
start their most important work — that is, the digestion of biowaste and gas production (Image 4).
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Image 4. Biogas reactor (Source: Tora Holmberg).

In the facilities where the fieldwork was conducted, the slurry was kept inside the reactors for 21
days, after which the microbes have broken it down and the remaining digestate will be removed.
The orchestration of microbial work in the digestive assemblage is reliant on practices such as
adjusting temperatures and the rhythms of keeping the slurry inside the reactors. Through this cal-
culation and management, the biogas production process is made as efficient as possible. However,
there are certain obstacles that disrupt the efficiency of gas production. In addition to gas, the
microbes may produce other kinds of matter, such as foam:

When we were sitting together and drinking coffee at the control room of the plant, one of the mainten-
ance workers told me that he monitors the reactors from the computer screens next to us. According to
him, the monitoring program shows how full the reactors are and if there is any foam inside the reactors.
He said that in the worst case, the foam may get out from the reactor and spread around the plant area.
(Field diary entry, May 2021)

The foam that the microbes produce inside the reactors may end up in the wrong places and cause
problems in the process. For example, if the foam ends up in the pipes through which the gas is
transported, it may break expensive machinery parts. To prevent the foam from ending up in the
wrong places, the plant workers have to adjust the rhythm of feeding the slurry to the reactors.
In addition, the level of foam inside the reactors is carefully monitored by using sensors, and
depending on the plant infrastructure and technology, also by checking the level of foam
through a window located on the side of the reactor. If the plant workers notice that there is too
much foam inside the reactor, they can, for example, slow down the feeding. However, in addition
to potentially causing foaming, the rhythms of feeding and the composition of the slurry affect the
microbes in many other ways. One of our informants — a CEO — stated that the feeding of microbes
is a delicate process, since the methane-producing ones are a precarious group:

They don’t like too high ammonium levels and they don’t like too much variation, then there will be
other groups that grow strong and then there can be foaming and other scenarios./.../ You have to
think of it as a pet and sort of... feed it, or send in waste then, continuously then and don’t put too
much variety, because then other groups [of microbes] will grow strong. (Interview, November, 2018)

The interviewee stated the need to make the microbes “happy” and avoid making them over-
burdened. The eco-balance that is optimal for methane production should not be disturbed, since
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this could jeopardize the whole process. In order to prevent this, one can think of the microbes as
“pets”. However, from the viewpoint of encounter value production, unlike with many pets, here
the value does not arise from encounters between individuals. Rather, the microbes are thought
of as populations. It is crucial to cultivate the methane-producing microbes and avoid feeding
other microbe groups. This illustrates the dynamics between care and avoidance in the practices
of producing encounter value with microbes: not all actors in the digestive assemblage are as desir-
able as others. By steering the feeding process, the plant workers aim to ensure good, productive
decay. This, again, shows how production along the digestive assemblage line occurs in the encoun-
ters between humans and microbes.

In addition to highlighting the importance of feeding correct microbe groups, the plant workers
often stressed how important it is to always keep the “portion” and the composition (degree of dry
vs. wet substance) of feed steady to keep the working conditions of the microbes as steady as pos-
sible and prevent problems. This means keeping both the size and rhythm of feeding steady. All the
talk about pace, rhythm, steering and portion implies industrial production and control. However,
there are so many factors that can interfere with this, and no matter how meticulously the process is
monitored and the feeding is tinkered with, full control cannot be accomplished. In the worst case, if
the slurry is fed too intensively into the process, the microbes may die:

One of the maintenance workers told me that the whole biogas production process once stopped
working completely in 2016. He showed me a figure that illustrated that the process fell down quite
quickly, and the production of gas ended completely. The maintenance worker told me that one
reason why the process ‘died’ was that biowaste was fed too intensively to the reactors. (Field diary
entry, May 2021)

The fieldnote exemplifies how the work of microbes cannot be intensified too much, and this sets
certain conditions for the process and its efficiency. In addition to scenarios in which the microbes
die, aims to intensify the process may lead to, among other things, uncontrollable foaming. The
unintentional production of foam, just as with the production on hydrogen sulfide mentioned in
the previous section, is yet another example of how the process of decay is not always very product-
ive from the perspective of value creation. While infrastructural solutions are needed to monitor the
production of foam and hydrogen sulfide, skills for running the process correctly and attunement to
the microbes are also needed.

Foaming and other undesirable outcomes of microbial work shape the digestive assemblage in
many ways. While many materials, such as sand and plastics, that end up at biogas plants may be
considered excess from the viewpoint of microbial work, microbes themselves also produce many
kinds of excess while they work. Thus, like all forms of value creation (see Greeson et al., 2020),
the microbial work of biogas production also ends up creating different kinds of excess, such as
foam and dangerous gases. This kind of excess is an unavoidable part of the digestive assemblage,
and managing it is part of being attuned to the microbes and thus creating productive decay. For
example, one of the plant workers explained that if he hears a buzzing sound coming from a
pipe, he knows that foam is being created in the decay process and that he must take action to
remove it before it causes problems. Thus, the repair and maintenance practices of the plant
workers do not aim to create non-decay but rather to embrace and understand the process of
decay (see Jackson, 2013) to make it as productive as possible while recognizing the impossibility
of perfect industrial control.

Decay as a form of production thus requires constant balancing between the logic of the business
operations of biogas plants (calculation, monitoring, management) and the unruly reality of micro-
bial work. Biogas plants as digestive assemblages are connected to discursive and cultural under-
standings that relate to the logic of the CE. However, as this section has shown, the digestive
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assemblage does not only entail digestion, but it also paradoxically creates indigestion of materials,
such as foaming of the reactors and inefficiencies in waste treatment practices. The findings illus-
trate how the reality of microbial work often clashes with anthropocentric understandings of effi-
cient production.

Digestate and gas

In this section, we analyze what happens after the work of microbes within biogas reactors has
ended and highlight the effect that microbes have “on the generation of value and on marketization
processes” (Piitz, 2021: 587) of biogas and fertilizers. By marketization (Caliskan and Callon,
2010) we refer to the ways in which the liveliness of microbes and the specific qualities of
biogas and fertilizers shape the organization of markets for biogas and fertilizers.

After the slurry has been broken down by the microbes, gas production within the reactors ends.
At this stage, the biowaste slurry has been turned into mass that is called “digestate,” which will be
removed from the reactors. Here, it is important to take care that the microbes that may be hazardous
for humans are removed so that the digestate can be safely used as fertilizer. To remove the
unwanted microbes, the digestate is moved to sanitation tanks in which its temperature is increased
to 70 degrees Celsius for a minimum. During the biogas production process, microbes are nursed to
make their working conditions as good as possible, but after their work has ended, at least some of
them (e.g., salmonella and e. coli) are destroyed. Although microbes are vital waste workers, con-
sumer encounters with them must be controlled. This illustrates the dynamics of avoidance and care
in encounter value production with microbes; hazardous bacteria are tolerated as waste workers, but
when the products are moved to the markets and outside the more-than-human contact zone
(Haraway, 2008; Isaacs and Otruba, 2019) of the biogas plant, their presence is no longer desirable.

After the digestate has been sanitized in a sanitation tank, it can be used as fertilizer, which is
stored and distributed by the biogas plants. The fertilizers can be kept fluid, or they can be dried
to allow different kinds of possibilities for use. The qualities of the dry and fluid fertilizers vary.
They contain different amounts of nutrients, and different kinds are suitable for different plants
and soil types.

The different wanted and unwanted materials that come to biogas plants with biowaste decay in
different ways — the microbes will turn biowaste into digestate within 21 days or so, and this diges-
tate is safe to be used as a fertilizer after sanitation. Microplastics, however, will not be broken
down and thus they will be spread onto the fields. In this sense, the decay of biowaste and the dif-
ferent materials it contains continues even after the actual biogas production process at the plants
has ended. Part of this decay is desirable, as plants and micro-organisms in the ground will benefit
from the fertilizers. In this way, they are part of the digestive assemblage — after the fertilizer is
moved out of the plant, the encounter value production continues in agriculture. However, decaying
microplastics will clearly not create any added value in the fields. The end product of biogas pro-
duction thus also contains material that is not valuable but rather is problematic waste; the circula-
tion of nutrients comes together with the circulation of plastics. Thus, the indigestion that is created
within this digestive assemblage is a problem both at the biogas plants and outside of them
(Image 5).

In addition to the problems related to the indigestion of plastics, in many cases, selling the fer-
tilizers does not produce a significant revenue stream for the plants (see also Lehtokunnas and
Pyyhtinen, 2023). Farmers are often unwilling to pay for the fertilizers produced by biogas
plants. Our informants reported many different potential reasons for this. Farmers may not, for
example, be familiar to using the fertilizers produced by biogas plants, or they may not have suit-
able machinery for spreading it on their fields. Because of these issues, biogas facilities are often
forced to give the fertilizers away for free and, in some cases, even pay the freight costs. When
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Image 5. Different qualities of digestate (Source: Tora Holmberg).

the first author asked the CEO of one of the biogas plants whether he considered the production of
biogas or fertilizers more profitable for them, it became clear that fertilizers are in fact quite prob-
lematic for the plants:

The CEO said that fertilizers are a “necessary evil” for them, and they just try to somehow dispose of
them. He said that at times it is hard to get rid of the fertilizers, and it is also difficult to obtain profit from
them. (Field diary entry, June 2021)

The issues of distributing the fertilizers and creating monetary value from them illustrate how the
digestive assemblage is shaped by not only the digestion or indigestion of waste itself but also the
marketization of end products. The problems of creating markets for end products may create indi-
gestion in the form of difficulties of moving forward the fertilizers. The marketization of the ferti-
lizers does not depend only on the practices of biogas producers or the work of microbes but also on
actors outside of the plant. Thus, the practices and preferences of farmers shape the possibilities of
the marketization of the fertilizers. While the markets for fertilizers produced by biogas plants are
underdeveloped in Finland and Sweden (Ekman Burgman and Wallsten, 2021; Winquist et al.,
2019), the fertilizers are still considered valuable because of the environmental benefits of nutrient
recycling (Humalisto et al., 2021).

Regardless of the difficulties of creating monetary value from fertilizers, our informants often
strongly highlighted the importance of nutrient recycling. In fact, this was often a central part of the mar-
keting practices of the biogas plants and thus also the marketization of both biogas and fertilizers.
Moreover, practices such as giving the fertilizers away for free or paying the freight costs can also
be seen as maintenance and repair that aims to embrace decay; the operations of the plants would be
impossible if the end products were not moved forward in one way or another. Thus, this kind of main-
tenance is crucial for the metabolism of the CE, regardless of the economic inefficiencies it creates.
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Image 6. Purification (Source: Tora Holmberg).

In addition to the fact that the fertilizers need to be moved forward in one way or another, even if
doing so does not produce much revenue, the produced gas must, of course, also be distributed.
Methane is a desirable component in the gas as it contains energy. The gas, however, also contains
other, undesirable components, such as hydrogen sulfide, as we have already discussed earlier.
Because of this, if the gas is used as traffic fuel, it must be purified. This means that the desirable
methane must be separated from less desirable components (Image 6).

The gas can be used as traffic fuel, or in heating and electricity production. If the gas is used for
heating or electricity production, it does not have to be purified. However, using biogas in heating
or electricity production is not very profitable in some cases due to issues such as variation in
demand (see also Lehtokunnas and Pyyhtinen, 2023). Further, the purification of biogas can be
especially problematic for the plants:

If a biogas plant wants to build infrastructure that would enable the purification of the gas so that it
would contain over 98 percent methane, that would mean that the plant should be able to invest at
least one million euros in the machinery. But for example, for a biogas plant the same size as our
plant, it would mean that you should be able to invest two million euros to be able to purify all the pro-
duced gas. And if you want to distribute the gas for traffic use, you will need to build a refueling station
network. For building this kind of network, you will, again, need to invest at least one million euros. If
we think about the number of cars that currently run on biogas, these kinds of investments are not jus-
tified in any way. (Interview, May 2021)

This quote from the interview with the CEO of a biogas plant once again illustrates that generating
monetary value in the context of biogas plants is by no means simple. Many plants do not have the
possibility to invest in gas purification technology, not to mention gas distribution infrastructure. In
the interviews, it was mentioned that some plants have no gas distribution infrastructure at all. In
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these cases, some of the gas is used for running the process of the plant, and the remaining gas is
burned in a torch. Also other issues, such as variation in demand, may occasionally force the plants
to torch part of the produced gas (see also Holmberg and Ideland, 2021; Lehtokunnas and
Pyyhtinen, 2023).

Because of the problems related to distributing the end products and creating monetary value for
them, Finnish and Swedish biogas plants do not get their income mainly from selling the products
they produce but from the “gate fees” their customers pay them for treating their biowaste (see also
Lehtokunnas and Pyyhtinen, 2023; Akerman et al., 2020; Winquist et al., 2019). Moreover, the
challenges of efficiently circulating gas are part of the indigestion embedded in the operation of
the assemblage. The difficulties of circulating the gas and fertilizers show that, in many cases, it
remains unclear whether the process of decay produces valuable end products or problematic
excess (see Lehtokunnas and Pyyhtinen, 2023). Thus, the marketization of biogas and fertilizers
depends on the preferences of multiple actors within the assemblage, such as farmers and energy
markets. In this sense, encounter value production involves not only the encounters between
microbes and plant workers that enable productive decay but also many other elements that
shape the process of value creation.

It is still crucial to note that regardless of these problems, most of the gas produced at biogas
plants is utilized in one way or another: Only 11 percent of the gas produced at Finnish plants is
torched (Suomen biokerto ja biokaasu ry, 2023), while at Swedish plants, only 8 percent is
torched (Energigas Sverige, 2025). Still, considering all the problems related to creating monetary
value from biogas, and especially from fertilizers, a question arises: Does it currently make sense to
think about the marketization of biogas and fertilizers through the lens of economic value produc-
tion, or are other forms of value currently more central in the case of creating encounter value
through microbial work at biogas plants?

While biogas and fertilizers do not currently create steady income streams for biogas plants,
there still exists a strong political aim to invest in biogas technology as part of the efforts of striving
for a CE. As the biogas industry creates a certain kind of digestive assemblage that is strongly
shaped by the CE discourses of turning waste into value and creating economic growth, the appar-
ent difficulties of creating economic profit through producing biogas and fertilizers are somewhat
paradoxical. Based on our analysis, we argue that rather than focusing only on economic value pro-
duction in the sense of creating a steady revenue stream through the practices of turning waste into
valuable products, it is crucial to also pay attention to the symbolic value that the work of microbes
has from the viewpoint of the CE. While the CE is often associated with ideas such as creating an
economy that mimics natural processes (Skene, 2018), the symbolic value produced through the
process of decay and microbial work becomes central both from the viewpoint of the marketization
of biogas and fertilizers and the digestive assemblage in which biowaste is treated.

Discussion

In this article, our aim was to delve into the apparent paradox of value creation and ruination by
studying decay as a productive process of microbial work in the context of biogas production.
Through our analysis, we showed how value is produced in encounters between humans and
microbes in the different stages of decay at Finnish and Swedish biogas plants. We have illustrated
that rather than creating constant progress and growth in the context of the CE, the process of decay
at biogas plants also entails problematic ruination and breakdown (Jackson, 2013) that must be tin-
kered with through different maintenance practices (Graham and Thrift, 2007). Our analysis
revealed that although the process of decay can be made productive through microbial work, as
well as various maintenance practices and technical solutions, the work of microbes also produces
problematic materials, and value creation for the end products of the biogas production process is
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complex. We also showed how the digestive assemblage, through which biowaste is transformed
into biogas, consists of multiple different actors that shape the assemblage both before the waste
enters the plants and after the biogas production process has ended.

In the first analysis section, we examined the biowaste pretreatment process and showed how
microbes, maintenance workers, and their repair practices are crucial to the digestive assemblage.
However, our analysis illuminates how other actors in the assemblage may create indigestion at
biogas plants: Plastic waste must be separated from biowaste and transported to incineration
plants; thus, the digestive assemblage is also reliant on a wider waste infrastructure. Moreover,
the outcomes of the production processes cannot always be controlled. The second analysis
section examined how microbes work with biowaste that has been turned into slurry after the pre-
treatment process. Here, balancing between the productionist logic and the unruliness of microbial
work became central to encounter value production. In the final section, we studied how the pro-
duced biogas and fertilizers are circulated and marketized. Here, it became apparent that encounter
value production is not only about the encounters between humans and microbes within the biogas
plant but also about other actors in the assemblage, such as farmers and energy markets, that shape
the possibilities for the marketization of biowaste and fertilizers. In this section, our analysis
showed that there are several problems in the practices of creating monetary value for the end
products.

Our findings indicate that multiple problems complicate the achievement of efficient production
and the marketization (Caliskan and Callon, 2010; Piitz, 2021) of biogas and fertilizers in the
context of the CE. The marketization of these products requires active work from human and non-
human waste workers. However, this work can also complicate the possibilities for the marketiza-
tion of the end products by creating indigestion in the process. Further, in addition to the fact that
the work of human and nonhuman waste workers may complicate value creation and marketization
processes, also other factors shape these processes. For example, the disruptions plastics cause at
biogas plants are often considered less serious than the economic inefficiency that would result
from requiring retailers and food industry businesses to remove plastic and other packaging from
biowaste. Thus, it seems that the still dominant linear economic model and especially its ideals
of economic efficiency clash with the waste treatment practices at biogas plants. From a policy per-
spective, our analysis provides insights into the entanglements of different waste streams and high-
lights the need to reduce plastic waste both in businesses and households.

Moreover, the fact that different waste batches may lead to issues such as the production of
hydrogen sulfide and foaming indicates that the reality of microbial work may contradict the CE
goals of treating all waste as ecologically and efficiently as possible. Also the difficulties of creating
monetary value from the end products of the biogas process show that the problems of indigestion
in the digestive assemblage do not only relate to issues such as plastics, foaming, or other undesir-
able outcomes of microbial work; indigestion also relates to the problems of the marketization of
end products, as problems of marketization complicate the possibility of moving these products
forward into new economic cycles.

These findings expand the social scientific discussion on value production (Greeson et al., 2020;
Helgesson and Muniesa, 2013; Muniesa, 2012), especially by showing how the anthropocentric
understandings about economic efficiency and value often overlook the role of multispecies
workers, such as microbes that break down waste at biogas plants. Microbes cannot digest many
materials that end up to biogas plants and that economic practices still produce excessively (e.g.,
plastics). Moreover, like all forms of value creation, encounter value production with microbes
in the context of the CE creates excess (Greeson et al., 2020). This is often dismissed by the CE
discourses that highlight fantasies such as the endless circulation of waste (Skene, 2018).
Thinking about biogas production through the lens of digestive assemblages thus sheds light on
the problems with the human-centered logic of production. While many kinds of actors are part
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of the digestive assemblage, so is the excess produced by different human and more-than-human
actors. Thus, indigestion is a crucial part of the digestive assemblage. Managing this indigestion
requires both being attuned to microbes and performing maintenance practices that, rather than
create non-decay, embrace decay. Our findings also extend discussions on encounter value produc-
tion by highlighting the complexity of value creation in the encounters between humans and differ-
ent biological species.

This article also contributes to CE literature (Holmberg and Ideland, 2021; Lehtokunnas and
Pyyhtinen, 2023; Hobson et al., 2021; Schulz et al., 2019) by complicating the ideas of (economic)
value production in the context of the CE. In particular, the findings complicate the CE discourse
that celebrates economic growth. We argue that other forms of value creation may on some occa-
sions be more significant in the practical implementation of the CE. The problems related to the
marketization of the end products of the biogas production process show that economic value pro-
duction in the context of the CE is shaky. While the production of biogas and fertilizers is not
always economically efficient, we argue that, in addition to economic value creation, symbolic
value creation through the promise of endless circulation of waste is central to the biogas industry.
However, as our analysis has shown, this perfect circulation of waste is impossible, as indigestion is
always embedded in digestive assemblages. Biogas production may thus create an illusion of
control over the enormous, destructive masses of waste that capitalist production and our current
way of life produce. As Laporte has noted, “the incapacity of the system to manage its own filth
is lucidly betrayed by its intrepid fantasy of an elimination so complete it leaves no trace of
waste” (Laporte, 1993: 14).

In conclusion, by focusing on the process of decay as a mode of production, our findings indicate
that, rather than separate processes, the processes of value creation and ruination are necessarily
interconnected. Based on our analysis, we argue that to foster digestive assemblages in the age
of current ecological crises, the possibilities of indigestion and “dyspepsia” (Haraway, 2008:
293) should also be taken seriously. This means that potential inefficiencies always inherent to
the digesting systems should not be hidden under the productionist discourses and practices that
celebrate the perfect elimination of waste, but the whole anthropocentric logic of the CE and pro-
duction should be debated.

Highlights

e The microbial process of decay in anaerobic digestion at biogas plants can be understood as pro-
ductive activity

e The circular economy discourse often highlights economic value over other values

e The value produced by microbes is not necessarily mainly economic but, rather, symbolic

e Understanding decay as a mode of production enables critically assessing the human-centered
concept of production in the context of the circular economy

Acknowledgements

We thank Niina Uusitalo and Sebastian Abrahamsson for their helpful comments. We also want to that the
three anonymous reviewers for their insightful feedback.

Consent to publication

Not applicable.

Consent to participate

All participants of this study expressed their informed consent by signing an agreement.



18 EPE: Nature and Space 0(0)

Data availability
Not applicable.

Ethical considerations

According to the Finnish and Swedish ethics law and the policies of Tampere University and Uppsala
University, ethical approval was not required to conduct this study.

Funding

The authors disclosed receipt of the following financial support for the research, authorship, and/or publication
of this article: This work was supported by Research Council of Finland [grant number 350191], the Swedish
Research Council [grant number 2017-02142], Finnish Cultural Foundation and Kansan sivistysrahasto.

Declaration of Conflicting Interests

The authors declare no potential conflicts of interest with respect to the research, authorship, and/or publication
of this article.

ORCID iDs

Taru Lehtokunnas https:/orcid.org/0000-0002-1546-6386
Tora Holmberg https://orcid.org/0000-0003-0845-1116

Note
1. Swedish Research Council Dnr. 2017-02142

References

Assarroudi A, Heshmati Nabavi F, Armat MR, et al. (2018) Directed qualitative content analysis: The descrip-
tion and elaboration of its underpinning methods and data analysis process. Journal of Research in Nursing
23(1): 42-55.

Barua M (2016) Lively commodities and encounter value. Environment and Planning D: Society and Space
34(4): 725-744.

Bennett J (2010) Vibrant Matter: A Political Ecology of Things. Durham: Duke University Press.

Caliskan K and Callon M (2010) Economization, part 2: A research programme for the study of markets.
Economy and Society 39(1): 1-32.

Corvellec H, Stowell AF and Johansson N (2022) Critiques of the circular economy. Journal of Industrial
Ecology 26(2): 421-432.

Coulter K (2016) Beyond human to humane: A multispecies analysis of care work, its repression, and its poten-
tial. Studies in Social Justice 10: 199-219.

Driessen C and Heutinck LF (2015) Cows desiring to be milked? Milking robots and the co-evolution of ethics
and technology on Dutch dairy farms. Agriculture and Human Values 32(1): 3-20.

Ekman Burgman L and Wallsten B (2021) Should the sludge hit the farm?: — how chemo-social relations affect
policy efforts to circulate phosphorus in Sweden. Sustainable Production and Consumption 27: 1488-1497.

Ellen McArthur Foundation (n.d.) It's time for a circular economy. Available at: https:/www.
ellenmacarthurfoundation.org/ (accessed 17 June 2025).

Emerson RM, Fretz RI and Shaw LL (1995) Writing ethnographic fieldnotes. Chicago: The University of
Chicago Press.

Energigas Sverige (2025) Statistik om biogas. Availabe at: https:/www.energigas.se/fakta-om-gas/biogas/
statistik-om-biogas-2023/ (accessed 17 June 2025).


https://orcid.org/0000-0002-1546-6386
https://orcid.org/0000-0002-1546-6386
https://orcid.org/0000-0003-0845-1116
https://www.ellenmacarthurfoundation.org/
https://www.ellenmacarthurfoundation.org/
https://www.ellenmacarthurfoundation.org/
https://www.energigas.se/fakta-om-gas/biogas/statistik-om-biogas-2023/
https://www.energigas.se/fakta-om-gas/biogas/statistik-om-biogas-2023/
https://www.energigas.se/fakta-om-gas/biogas/statistik-om-biogas-2023/

Lehtokunnas and Holmberg 19

EU Commission (n.d) Circular economy action plan. Available at: https://environment.ec.europa.eu/strategy/
circular-economy-action-plan_en (accessed 17 June 2025).

Ghisellini P, Cialani C and Ulgiati S (2016) A review on circular economy: The expected transition to a
balanced interplay of environmental and economic systems. Journal of Cleaner Production 114: 11-32.

Gille Z (2010) Actor networks, modes of production, and waste regimes: Reassembling the macrosocial.
Environment and Planning A: Economy and Space 42(5): 1049-1064.

Graham S and Thrift N (2007) Out of order: Understanding repair and maintenance. Theory, Culture & Society
24(3): 1-25.

Greeson E, Laser S and Pyyhtinen O (2020) Dis/assembling value: Lessons from waste valuation practices.
Valuation Studies 7(2): 151-166.

Grondal H (2018) Harmless, friendly and lethal: Antibiotic misuse in relation to the unpredictable bacterium
group A streptococcus. Sociology of Health & Illness 40(7): 1127-1141.

Hage G (2021) Introduction: States of decay. In: Hage G (eds) Decay. Durham, NC: Duke University Press, 1-16.

Haraway D (2008) When Species Meet. Minneapolis, MN: University of Minnesota Press.

Hawkins G (2023) Re-use value: Economies and philosophies of durability. Journal of Cultural Economy
16(4): 579-586.

Helgesson C-F and Muniesa F (2013) For what it’s worth: An Introduction to valuation studies. Valuation
Studies 1(1): 1-10.

Hird M (2009) The Origins of Sociable Life: Evolution After Science Studies. London: Palgrave McMillan.

Hird M (2016) The Phenomenon of Waste-World-Making. Rhizomes 30. https:/doi.org/10.20415/rhiz/030.

Hobson K, Holmes H, Welch D, et al. (2021) Consumption work in the circular economy: A research agenda.
Journal of Cleaner Production 321: 128969.

Holmberg T (2019) Animal waste work. The case of urban sewage management in Sweden. Contemporary
Social Science 16(1): 14-28.

Holmberg T and Ideland M (2021) The circular economy of food waste: Transforming waste to energy through
‘make-up’work. Journal of Material Culture 26(3): 344-361.

Humalisto N, Valve H and Akerman M (2021) Making the circular economy online: A hyperlink analysis of
the articulation of nutrient recycling in Finland. Environmental Politics 30(5): 833-853.

Hurst E, Ellis R and Karippal AB (2022) Lively water infrastructure: Constructed wetlands in more-than-
human waterscapes. Environment and Planning E 8(1): 77-99.

Isaacs JR and Otruba A (2019) Guest introduction: More-than-human contact zones. Environment and
Planning E: Nature and Space 2(4): 697-711.

Jackson S (2013) Rethinking Repair. In Gillespie T, Boczkowski P and Foot K (eds.) Media Technologies.
Essays on Communication, Materiality, and Society. Cambridge, MA: MIT Press, 227-245.

Koh V (2025) Growing sustainable capitalism: The environmental politics of agri-tech in Singapore.
Environment and Planning A 57 (8): 1206-1222.

Korhonen J, Nuur C, Feldmann A, et al. (2018) Circular economy as an essentially contested concept. Journal
of Cleaner Production 175: 544-552.

Laporte D (1993) History of Shit. Cambridge, MA: The MIT Press.

Lehtokunnas T and Pyyhtinen O (2023) Biowaste as fluid matter: Valuing biogas and biofertilisers as assets in
the Finnish biogas sector. Journal of Cultural Economy 16(2): 277-293.

Lehtonen T-K and Pyyhtinen O (2020) From trash to treasure: Valuing waste in dumpster diving. Valuation
Studies 7(2) 2020: 197-220.

Lepawsky J and McNabb C (2010) Mapping international flows of electronic waste. The Canadian
Geographer / Le Géographe Canadien 54(2): 177-195.

Lorimer J (2007) Nonhuman charisma. Environment and Planning D: Society and Space 25(5): 911-932.

McFarlane C and Andersson B (2011) Thinking with assemblage. Area 43(2): 124-127.

Muniesa F (2012) A flank movement in the understanding of valuation. The Sociological Review 59(2_suppl):
24-38.


https://environment.ec.europa.eu/strategy/circular-economy-action-plan_en
https://environment.ec.europa.eu/strategy/circular-economy-action-plan_en
https://doi.org/10.20415/rhiz/030
https://doi.org/10.20415/rhiz/030

20 EPE: Nature and Space 0(0)

Oling-Wiirnd V, Akerback N and Engblom S (2023) Digestate from biowaste and sewage sludge as carriers of
microplastic into the environment: Case study of a thermophilic biogas plant in ostrobothnia, Finland.
Water, Air, & Soil Pollution 234(7): 432.

Paxson H (2008) Post-pasteurian cultures: The microbiopolitics of raw-milk cheese in the United States.
Cultural Anthropology 23(1): 15-47.

Paxson H and Helmreich S (2014) The perils and promises of microbial abundance: Novel natures and model
ecosystems, from artisanal cheese to alien seas. Social Studies of Science 44(2): 165-193.

Porcher J (2014) The work of animals: A challenge for the social sciences. Humanimalia: A Journal of Human
Animal Interface Studies 6(1): 1-9.

Piitz R (2021) Making companions: Companionability and encounter value in the marketization of the
American mustang. Environment and Planning E: Nature and Space 4(2): 585-602.

Pyyhtinen O, Zavos S, Onali A, et al. (2023) The decaying stuff of the anthropocene: Exploring contemporary
trashscapes through ruination. Digithum 30: 1-11.

Ramakrishnan K, O’Reilly K and Budds J (2021) The temporal fragility of infrastructure: Theorizing decay,
maintenance, and repair. Environment and Planning E 4(3): 674—695.

Regeringskansliet (2020) Cirkuldr ekonomi — strategi for omstdllningen i Sverige. Stockholm: Miljodepartementet.
Available at: https:/www.regeringen.se/rapporter/2023/01/strategi-for-cirkular-ekonomi/ (accessed 17 June
2025).

Reno J (2009) Your trash is someone’s treasure: The politics of value at a Michigan landfill. Journal of
Material Culture 14(1): 29-46.

Schulz C, Hjaltadéttir RE and Hild P (2019) Practising circles: Studying institutional change and circular
economy practices. Journal of Cleaner Production 237: 117749.

Skene KR (2018) Circles, spirals, pyramids and cubes: Why the circular economy cannot work. Sustainability
Science 13(2): 479-492.

SOU (2019) Mer biogas! For ett hallbart Sverige (More biogas! For a sustainable Sweden). Statens offentliga
utredningar (Swedish Government Official Reports) 63. Stockholm: Norstedts Juridik.

Suomen biokerto ja biokaasu ry (2023) Biokaasutilastot. Available at: https:/biokierto.fi/tilastot/biokaasutilastot/
(accessed 17 June 2025).

Winans K, Kendall A and Deng H (2017) The history and current applications of the circular economy
concept. Renewable and Sustainable Energy Reviews 68(1): 825-833.

Wingquist E, Rikkonen P, Pyysidinen J, et al. (2019) Is biogas an energy or a sustainability product? Business
opportunities in the Finnish biogas branch. Journal of Cleaner Production 233: 1344-1354.

Akerman M, Humalisto N and Pitzen S (2020) Material politics in the circular economy: The complicated
journey from manure surplus to resource. Geoforum; Journal of Physical, Human, and Regional
Geosciences 116: 73-80.


https://www.regeringen.se/rapporter/2023/01/strategi-for-cirkular-ekonomi/
https://www.regeringen.se/rapporter/2023/01/strategi-for-cirkular-ekonomi/
https://biokierto.fi/tilastot/biokaasutilastot/
https://biokierto.fi/tilastot/biokaasutilastot/

	 Introduction
	 Decay as a mode of production
	 The circular economy and the microbial work of decay
	 Digestive assemblages, encounter value and the marketization of biowaste and fertilizers

	 Data and methods
	 Analysis
	 Biowaste
	 Slurry
	 Digestate and gas

	 Discussion
	 Highlights
	 Acknowledgements
	 Note
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


