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Abstract

This article discusses the transformation of landfills from dumps to an alchemist’s dream—gold
mines—by highlighting five Swedish case studies where the landfill has been extracted. It is shown
that landfills are embedded in broader socio-technical systems, including technology, policies,
culture, norms, markets, and networks. These artifacts have aligned into mutual dependencies under
the notion that landfills are garbage dumps, which has entrapped the landfill in the prevailing “dump
regime”. At the present time there is a window of opportunity to escape the “dump regime.” Dumps
are being challenged by the circular economy, which has established instability in the regime.
However, for landfills to transform into “gold mines” creative entrepreneurs with the capacity to
understand the emergent properties of deposition - i.e. giving rise to a resource base - will be key.
For further transformation, specialized mining actors, collaboration and further exogenous changes
such as higher metal prices are necessary.

Key words: alchemy, escaping lock-in, landfill mining, resource policy, socio-technical transition,
waste regimes.



1. Introduction

Landfills are commonly defined as a site for the disposal of waste. Such a treatment method assumes
that the waste simply has no value, i.e., it is useless and therefore buried and shielded from the
economy. Accumulated waste, however, is not only worthless; it can even have a negative value and
pose a serious threat to humans and the environment, including the leakage of hazardous substances
(Baun and Christensen, 2004) and methane emissions (Bogner et al., 1995). Hence, the orphaned,
abandoned and neglected waste “bites back” (Tenner, 1997) on the society that created it.
Meanwhile, for some, especially birds and birdwatchers, landfills may be considered an important
ecological oasis in the urban environment, sometimes more popular than city parks.

Increasingly, waste is defined as surplus material (Gourlay, 1992); a byproduct; material we have
failed to use. From such a perspective, disposal is commonly regarded as a lost opportunity and a
waste of resources. What is often forgotten in this context, however, is that the isolated events of
deposition combined make a new potential resource base, which to some extent can be compared to
traditional mines in terms of quality and quantity (Kapur and Graedel, 2006; Johansson et al., 2012).
Research in industrial metabolism (e.g. Graedel et al., 2004) has shown how resources and metals in
particular are extracted from the lithosphere, turned into products, consumed and then usually end
up in landfills. In countries like Sweden, where incineration has largely replaced landfills, significant
amounts of metals end up in ash, which is commonly landfilled (Kuo et al., 2007). However, landfills
contain not only metals such as gold (Ongondo et al., 2011) like conventional mines but are also filled
with plastic, wood, paper and other valuable resources.

The potential extraction of secondary minerals' has been conceptualized through various mining
concepts such as urban mining (Brunner and Rechberger, 2004), technospheric mining (Johansson et
al., 2012) and waste mining (Ayres, 1999). However, these concepts focus on recovering metals from
either traditional waste streams or all the stocks of secondary minerals including for example tailing
ponds®. Landfill mining (Krook et al., 2012), on the other hand, focuses on landfills in isolation by
excavating and recovering deposited waste. Hence, it revives what is buried by digging up a landfill
and gives the waste a new chance. However, mining the technosphere and landfills in particular is
not common practice in developed countries® (Johansson et al., 2012) and typically surrounded by
many uncertainties of economic (Fisher and Findlay, 1995), technical (Dickinson, 1995) and legal (US
EPA, 1997) nature.

In evolutionary economics path dependency processes are usually observed, where traditional
technology persists, like the VHS video recorder (Arthur, 1990), pesticide use (Wilson and Tisdell,
2001) and fossil fuel-based technologies (Unruh, 2000; Walker, 2000), even in the face of
competition from potentially superior substitutes. Lock-in emerges when disciplines such as
technology, markets, law, science, culture, and policy co-evolve in tandem and align into a regime
(Dosi, 1982; Rip and Kemp, 1998; Geels, 2004). Such mutual dependencies establish stability around
the system with an exclusion effect for dissenting innovations. Despite system inertia, new
innovations can nevertheless emerge if exogenous changes at the macro level establish instability
and tension in the existing regimes (Arthur, 1988; Cowan and Hulten, 1996; Freeman and Louc3,
2001).

! Minerals once already extracted, and therefore found not in the lithosphere but in the technosphere.

% For further discussion on mining concepts, see Johansson et al. (2012)

3 Scavengers at landfill sites have probably been around ever since people started to deposit valuable resources
(Rathje and Murphy, 1992).
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More recently, by studying conflicting regimes in the waste sector, waste, like technology, has
proven to be a highly embedded, dynamic phenomenon (although with properties of inertia). For
example, Zsuzsa Gille (2010) has showed how exogenous changes have pushed institutions’
perceptions of waste over time and enlisted policy, technologies and economics into various waste
regimes. Furthermore, Ruth Lane (2011) and Josh Lepawsky (2012) have demonstrated the obstacles
in transforming the collection schemes by allowing the involvement of informal actors and
implementing producer responsibility, respectively. Whether regimes can be applied to landfills and
theoretically explain the origin of the uncertainties remains to be studied.

The point here is not to engage in a comprehensive historical analysis of landfills, since the aim is
normative, or more precisely: to uncover a new “landfill regime” in which landfills, containing gold
and other minerals, are not the end station for material but the starting point. In a sense, we are
thereby approaching a classical alchemical experiment®, the Magnum opus, to understand how
valueless material can be transformed into gold and other valuable commodities. However, no
chemical experiments will be performed”. Instead, the aim of the article is to study the materiality of
dumps, in order to provide knowledge on how to transform such valueless piles of junk into the
alchemical dream, gold mines. This is done by reviewing five Swedish landfill mining (LFM) cases and
analyzing how the variety of uncertainties typically surrounding such LFM projects was addressed.
The outcome of the cases and why some projects were successful while others failed is discussed by
analyzing the socio-technical nature of the system surrounding Swedish landfills. Key challenges and
critical factors essential to transforming landfills into a new “landfill regime” are then identified.

2. Method

2.1. SELECTION OF CASES

Based on the definition of landfill mining, a typical case includes, at a minimum, excavation of a
landfill and recovery of deposited resources. From this basis, five cases have been identified through
snowball sampling and contact with authorities, experts and researchers. Cases were searched until
the same cases kept recurring. All proposed cases were included in the study, except one where
information collection was prevented by a lack of documentation and failure to contact possible
respondents. Since two cases, Ringstorp and Stentippen are located in the same city, Helsingborg,
these two cases are referred to in the article by the landfill name, while the other cases are referred
to by location: Malmé, Stréingnds, Landskrona. The cases differ significantly in terms of main drivers,
scale and time, as seen in Table 1. All landfills are owned and managed by the municipality or publicly
owned waste companies.

* The art of transformation or of possibilities.
> The human imagination should be the prime matter targeted for transformation according to many non-
laboratory alchemists such as Mary Anne Atwood (Martin, 2001).
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Table 1. An overview of the case studies.

Strangnads Helsingborg Helsingborg Landskrona

Landfill Lernacken Kvitten Ringstorp Stentippen Landskrona Landfill
Driver Construction of the Difficulty in finding High levels of City expansion Comply with the

@resund Bridge locations for new landfill leach water landfill directive
Main Land reclamation Extend the capacity of the  Reduce leakage Land Upgrade landfill
objective landfill reclamation infrastructure
Solution Remediation Resource recovery Remediation Remediation Resource recovery
Initiator SVEDAB* The Waste manager Municipality NSR** The Waste manager
Year 1995-2000 1988-2001 2005-2006 2008-2010 2000-2008
Excavated Full scale: 1,600,000 Pilot studies: 20,000 tons Full scale: 180,000  Full scale: 800,000 tons
volume tons tons 340,000 tons (2000 tons)***

* Swedish-Danish bridge connection
** Northwest Skane Sanitation
*** As the project was never implemented only small amounts were excavated during pilot studies.

In general, the main objectives of the cases have been to remove the landfill or parts of it. All cases
have been problem driven, where an identified problem has been the reason behind exhuming the
landfills. This problem, i.e., the process of excavating the landfill, has then mainly been addressed in
two crucially different ways: 1) by remediation, where the waste has simply been excavated and then
moved to a more appropriate location, with some of the exhumed waste used as construction
material; or 2) through resource recovery, where the waste has been excavated and then recovered
in terms of metals recycled and combustible energy recovered. The scale of the projects differ,
ranging from international affairs such as a bridge connection between two countries, with major
financial power, or municipalities searching for new land to pilot studies initiated by innovative waste
managers with limited budgets. The fact that the projects were implemented in varying time periods,
from the 1980s to the present, should also be considered since the prevailing conditions, such as
regulation and markets, have varied.

2.2. DATA COLLECTION

A review of landfill mining literature was initially done to guide the collection of information from the
case studies. In this review® six main types of barriers/challenges were identified as remaining to be
addressed before landfills can be transformed into mines: Prospecting, Technology, Market,
Regulation, Attitudes and Feasibility.

Research focusing on waste composition of landfills has shown, even within specific sites, large
variations in physical and chemical characteristics as well as material composition (Cossu et al., 1996;
Reith and Salerni, 1997). This makes prediction of the content and thus determination of valuable
resources or hazardous components in the landfill difficult. Such a figuratively uncertain black box
makes prospecting a key challenge. Previously reported case studies (e.g. Dickinson, 1995; Reeves
and Murray, 1997; Zhao et al., 2007) have shown difficulties in sorting out the deposited waste into
desired pure fractions. Few recycling agents are interested in accepting unsorted masses. The
availability and performance of technology thus becomes another critical question. A further
recurring conclusion from the reported cases is that the obtained quality of exhumed materials, soil
excluded, is often not good enough to compete with virgin as well as secondary resources from
traditional waste flows. The market for excavated deposited waste is thus uncertain, i.e., is there any
demand for products from a landfill? What safety, administrative and regulatory requirements

® A more profound review may be found in “Landfill mining: a critical review of two decades of research”
(Krook et al., 2012).
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landfill mining will involve, and how such demands will influence its viability, is also largely unclear,
although authorities will most likely require an approved safety and health plan (Cossu et al., 1996;
US EPA, 1997). For example, should re-deposited waste, once excavated, be interpreted as “new
waste” and thus subject to waste tax and waste bans? Is permission required at all, and if so, which
regulations are applicable? Although the previous cases had low impact on environment and health’,
it remains unclear how the excavation is perceived by local residents. Overall, actors involved in the
cases are hidden as well as the cultural values driving the mining operations. So, which actors need
to be involved/committed to the process and what attitudes are featured in landfill mining? Some
reported cases were considered cost-effective (e.g. van Passel et al., 2012) while others were not
(e.g. Dickinson, 1995). These evaluations have however been site-specific, performed in different
regions and under varying conditions and objectives. Hence, conclusive information on the feasibility
of landfill mining operations is still lacking, i.e., is landfill mining profitable business?

Based on the six main types of barriers/challenges identified above, an interview guide was
established framed by the overall question: How did the projects address these six typical challenges
for landfill mining? General questions relating to drivers, initiator, actors and objectives were also
asked. The interviews were conducted with those responsible for the projects, as decided by the
actors themselves. In Landskrona and Strangnas the responsible waste managers were interviewed.
In Malmo, Stentippen and Ringstorp officials were singled out as project managers. The data for the
case studies was gathered during 2010 by conducting semi-structured interviews and analyzing
documents such as project proposals and project evaluations. The empirical result was categorized
according to the main types of challenges and is presented in Chapter 3, explicitly in Table 2 and 3.

2.3. ANALYSIS

We first describe how the cases have managed the above uncertainties/challenges, on which the
success of any LFM project rests (Baas et al., 2011). The result of the cases and the reason for success
or failure are then analyzed, based on a framework suggested by Gille (2010), relating the socio-
technical conditions of the cases to the materiality of deposited waste. The outcome of this analysis
is then used to identify the current regime surrounding landfills. From a multilevel perspective (Rip
and Kemp et al., 1998, Kemp et al., 2001; Geels and Schot, 2007; Gille 2010), factors emphasizing
individual and collaborative processes are then identified, which for the cases seem to be crucial to
escape the regime and transform landfills into mines.

3. Socio-technical landfills

To make it more interesting, let's start at the wrong logical end: the outcome of the cases. The cases
where the excavation was based on remediation and simply moved deposited masses to a more
appropriate location seem to have been successfully implemented. In Malmg, the landfill was
remediated and the @resund Bridge has been stable since then. Stentippen in Helsingborg was
excavated, the leakage stopped and the remaining pool may, if the city architect has his way, be used
for outdoor concerts. The land where Ringstorp was located is currently being sold for housing. The
purpose of remediation, removing contaminated soil so as to allow redevelopment of the land, was
in all cases fulfilled. On the other hand, the cases which aimed to recycle, reuse and recover the
masses from the landfill were never completed. In Strangnds, only pilot studies were conducted,
since the politicians did not want to finance large-scale resource recovery projects. The project in
Landskrona met the same fate. Instead, the conventional method of capping and closing the landfills
was chosen. Hence, the landfills in Landskrona and Strangnas have been capped and waste for
deposit sent to neighboring landfills.

7 . . . .1
In terms of, for example, leaching of hazardous substances, poisonous gases, explosives and slope stability
issues.
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The outcome of the different cases, i.e., the failure of the resource recovery projects in Landskrona
and Strangnas as well as the success of the remediation projects, may more or less be regarded as
rational. Covering the landfill and sending small quantities of waste for deposition to a nearby landfill
turned out to be a cheaper alternative than excavating the site, recovering the resources and bottom
sealing the landfill. At the same time the need for landfill space had also drastically decreased due to
landfill bans/taxes, which obviously reduced the need for additional capacity. The stakes were high
and strong economic forces also supported the remediation operations; in Malmé a bilateral
infrastructure project was at risk, and in Helsingborg the city's long-term expansion and groundwater
supply was threatened. By analyzing how the cases managed the previously identified challenges and
comparing conditions for resource recovery with remediation, the outcome and rationale can,
however, be further explained by the socio-technical context of landfills.

3.1. PROSPECTING

Information about a landfill's composition is commonly absent, since waste has been deposited over
time without any documentation. Waste has not been deposited in order to facilitate future
extraction, but instead according to what has been considered to be effective and safe (OECD, 1994;
European Council, 1999). The first step in the excavation of a landfill is thus to identify the landfill's
interior.

In general, the cases used a combination of several methods to map the composition, as seen in
Table 2. Qualitative methods, for example interviewing staff with long experience and analyzing
historical documents such as old invoices or shipping documents provided an historical overview of
the landfill structure. For example, in Landskrona old sludge pits could be identified through aerial
photos, which thereby could be avoided during excavation. Historical flashbacks of the formal
operation in landfills are, however, only half the story. People commonly take the liberty to
unofficially deposit their own waste, if they discover open dumps. Therefore, to verify each case it
became crucial to collect primary data of the current landfill interior through test pits (Malmg,
Stréngnas and Landskrona) and/or well logging (Malmé, Landskrona, Ringstorp and Stentippen). For
example, in Malmg, 2300 test pits measuring 2x2x4 meters were excavated to map the interior. The
distance between each test pit was about 10 meters. If nearby pits showed dissimilarities,
boundaries between the masses were further investigated.

Table 2. An overview of how the landfill's interior was mapped, the permission status and conditions posed by authorities.

Malmoé Strangnas Ringstorp Stentippen ELGH N E]
Pre- -Interviews. -Interviews. -Sampling. -Interviews. -Interviews.
studies -Examination of historical -Test pits. -Sampling. -Examination of historical
documents. -Test pits. documents.
-Sampling. -Sampling.
-Test pits -Test pits.
Permission Yes, for remediation No Yes, for Yes, for Yes, for landfill mining
remediation remediation
Conditions  Control program Methane Control program Control program Control program
measurements

But even with the combination of methods, at best an overall understanding is reached where
household, industrial waste, slag and sludge, i.e., different waste groups are positioned, as illustrated
in Figure 1.
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Figure 1. An overview of how different types of waste have been deposited in Lernacken (Malmd) was provided through
conducting interviews, examining historical documents, sampling and test pits. Note that the height scale is greatly
exaggerated (based on Moller, 1999).

Such a general image is likely to be highly adequate for remediating landfills since it is primarily the
pollution levels that matter rather than the materials. In such cases, the mapping of material types is
primarily important to ensure a safe excavation process. The same image, however, is inadequate for
resource extraction in many ways. For example, detailed information on where valuable units, such
as copper, iron, aluminum and timber, i.e., the ore, is located is not reported. This information is
important both in order to estimate the potential profit and to determine where to dig.

In some remediation cases, an overview of the material composition may even prove to be
redundant. For example, in Ringstorp, as seen in Table 2, sampling alone without any need for
additional pre-studies proved to provide sufficient information to identify the composition of the
landfill. Such sampling is commonly based on different physical and chemical speciation methods
(Baun and Christensen, 2004), including primary metals dissipated from their original material in the
primary form of free metal ions (McCarthy and Zachara, 1989). Speciation methods do not however
provide a complete picture of the metal content in a landfill, since they exclude solid metals
remaining in everything from car doors to cutlery and are therefore insufficient for resource
extraction. In sum, the available methods for pre-studies seem to better match the needs of
remediation than resource recovery.



3.2. TECHNOLOGY

Excavators were used to exhume the waste in all case studies. Excavated quantities were then
transported by wheel loaders to the intended destination. Depending on the approach (remediation
or resource recovery), different separation techniques were selected, as shown in Table 3.

Table 3. An overview of separation methods, how the excavated waste was separated and then used in the different cases.

Strangnds Ringstorp Stentippen Landskrona
Criteria for -Pollution level -Size -Pollution level  -Pollution level -Size
separation -Material type -Material type -Material type
Separation -Sampling -Mobile screening -Sampling -Sampling -Semi-mobile
Technology equipment -Backhoe separation
-Backhoe
Separation 1.High 1.large 1.High 1.High 1.large
2.Medium 2.Medium 2.Medium 2.Medium 2.Small
3.Low 3.Small 3.Low 3.Low 3.Metal
4.Metal 4.Paving
5.Concrete
Destination 1.Re-deposited 1.Incineration 1.Re- 1.Deposited as hazardous 1.Re-deposited
2.Construction 2.Construction deposited waste 2.Compost
material at the material at the landfill 2.Construction  2.Re-deposited 3.Recycled
landfill 3.Compost & Material at the  3.Construction
3.Construction construction material landfill material at the landfill
material for 4.Recycled 3.Compost 4.Construction material
roads 5.Construction for roads

material for roads

Separating the excavated waste is a relatively simple procedure for remediation; a gauge, as in
Stentippen, can analyze pollution levels from which waste is sorted accordingly into different
categories. The cases that aimed for further resource recovery primarily separated the waste by a
screener according to the size of the waste. This technique proved successful, for example in
Strangnads, in achieving a soil fraction and reducing landfill volume, but far less efficient for obtaining
homogeneous recyclables. The different size fractions became highly heterogenic and a backhoe was
necessary to pick out certain materials, for example combustible material that was sent to
incineration. The only parts that could be recycled without manual sorting, except soil, were ferrous
metals with the help of a magnet.

3.3. THE MARKET

The possibilities for using the sorted waste varied between the cases and over time. The potential
use of fractions after remediation is clearly defined, since the Swedish EPA has issued guidelines for
assessment of contaminated soil (e.g. SEPA, 2009), which makes it easy to find specific applications.
If the masses are relatively clean, they can be used for "sensitive land use" including housing or
farming, a level that only the cover soil of Ringstorp (fraction number 3) passed, as seen in Table 3.
Masses with a moderate pollution level, which parts of the masses in Malmo and Stentippen
reached, can be used for “less sensitive land use” such as roads or industries. The masses must be
deposited if these criteria are not fulfilled, which, however, means that they can be used as
construction materials during landfill operation such as establishing embankments.

It becomes more difficult if the fractions have been separated by size or resource type. Although the
market is currently converting to recirculation of materials, it is likely that goods from a landfill may
be more difficult to accept for both recycling operators and consumers. The cases including resource
recovery submitted only small quantities of metals and combustibles during the pilot studies. Thus, it
is uncertain whether the recyclers and incinerators are willing or even have the capacity to receive
larger quantities of excavated waste competing with often higher-quality material obtained from



waste source separation programs. The cost of submitting combustibles is furthermore high®, and
will rise if the combustibles are of poor quality, for example with high moisture content (Hammar,
personal communication, 2010). Therefore, in Landskrona the combustibles were planned to be re-
deposited in anticipation of lower prices, as shown in Table 3. Whether this would have been
consistent with the landfill ban on organic or burnable waste (SCS, 2001:512) is however uncertain.
Applications for the excavated and separated resources such as organic combustibles are thus not
easily determined. Consumers may furthermore be more likely to accept heating and electricity from
incinerated deposited waste. It will probably be harder, however, to accept previously deposited
material directly around us, such as cans or bottles, even if the contamination levels are approved.

3.4. REGULATION

Malmo, Stentippen and Ringstorp sought permission for remediation of contaminated land, as seen
in Table 2. Ringstorp and Stentippen applied for a permit in accordance with the Ordinance on
Activities Dangerous to the Environment and Protection of Health (SCS, 1998:899). Malmo applied
however before the Swedish environmental legislation was combined in one code, and therefore two
different permits and courts were included.

Strangnas lacked permission. However, after the pilot test had been going on for a while the
authorities in Strangnas demanded that methane should be collected, as seen in Table 2. But
measurements showed low levels and the requirement were never implemented. In Landskrona,
permission for resource recovery was sought as a part of a larger application for operating the whole
landfill according to the Environmental Code (SCS, 1998:808). Issues of interest to authorities during
the permission process included: amounts, location, timeframes, technology, exhumation methods,
sorting methods, and how to address, for example, odors, explosion, water, noise and dust. The
Environmental Code also requires, through the knowledge rule, that the operator must know the
landfill composition.

Regardless of time period and approach the permits have been granted in compliance with a control
program focusing on the excavation process involving procedures for management of hazardous
waste, systematic monitoring of air quality, safety plan, trained and well-equipped workers, and so
on. Many of the case studies had existing permits for landfill operations, with conditions for example
about odor, noise and leakage, which naturally were also in force for excavation of the landfill.

Hence, the process for remediation is clearly defined in current law (e.g. SCS, 1998:899) which makes
the application process and demands on the operator relatively predictable. Excavation and recovery
of deposited resources are, however, not mentioned in Swedish regulations and therefore legally
uncertain’.

3.5. ATTITUDES

All cases were problem-driven. The majority of cases did not even discuss the possibilities of
recovering the deposited waste and chose instead to simply move the waste to a safer place. Two of
the cases, Strangnds and Landskrona, did however, as mentioned above, attempt to recover
deposited waste. All projects were however operated by the initiators without any broader
collaboration with actors from universities, governmental agencies or recycling operators.
Consultants responsible for excavating, sampling and applying for permission were nevertheless
involved. The locals were, to some degree, also concerned.

#20-70 €/ton (PROFU, 2011).

°’To simply dig up waste from a landfill probably does not require a permit. But authorization is required
according to Swedish regulations (SCS, 1998:899), if for example on-site waste shall be sorted or hazardous
waste handled.
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During the permit application consultations where all the interested parties are invited to express
their opinions are a statutory requirement. In addition, a series of monthly meetings was held both in
Ringstorp and Malmo with all stakeholders, including local residents as well as authorities. Every
week local newspapers published news item and newsletters were sent to local residents to provide
advance notice of work. The excavation in Malmo was also visited by school children as well as
members of the European Parliament.

Despite openness and limited impact on the environment™, the projects were nevertheless met by
protests. In Ringstorp, worried parents from a preschool nearby started a petition to postpone the
planned excavation. During the excavation of Lernacken in Malmo, which was closely linked to the
controversial construction of the @resund Bridge, activists chained themselves to the machines and
poured sugar into the tanks on excavators.

3.6. FEASIBILITY

The financial conditions have varied in the cases. Essentially, there were no direct revenues from any
of the cases. During the pilot studies with resource recovery, however, revenues were received for
metals, less construction material had to be purchased with resulting savings, and more landfill space
was attained. For the cases based on remediation, the benefits were primary indirect; the abutment
of @resund Bridge could be built at Lernacken, improving the communication between Sweden and
Denmark. The leakage from Stentippen was drastically reduced and the land at Ringstorp could be
used for housing, thus fitting better into the urban environment. Major revenue may however be
involved if the land is sold after completion of the projects. Thanks to high revenues from selling the
land, Ringstorp in Helsingborg could show a profit (the only case to do so), although no fractions
were sold, except soil.

The cost of the cases is very diverse, ranging from 4 €/ton to 35 €/ton. In the resource recovery
cases, the costs of preliminary studies, bottom sealing, exhuming and recovering the waste were
compared with the cost of final cover, monitoring over a 30-year period and transporting waste for
deposit to an active landfill. You already know how it ended: capping proved more cost effective.
Cost effectiveness, however, is never an objective criterion. Cases are evaluated against a typical
standardization. Cases involving resource recovery were evaluated based on one actor's individual
economic horizon®!. The remediation cases, on the other hand, were evaluated from a
socioeconomic perspective including societal benefits, for example, Malmé and the bridge
connection between Sweden and Denmark. Hence, the remediation projects were allowed to be
costly for a “greater cause”. Furthermore, another example is the fraction that is too heterogeneous
or polluted for any reasonable option after the excavated waste is sorted and therefore must be re-
deposited. Although there has been a landfill tax since 2000 (SCS, 1999:673), no cases were subject
to taxes. Indeed, during remediation, the masses in need of re-deposition are deductable according
to the Swedish Waste Tax Act (SCS, 1999:673). Resource recovery, on the other hand, is not
mentioned as an exception in the Act, which makes cost estimation uncertain. For remediation
operations, grants from the government (SCS, 2004:100) or foundations (SPIMFAB, 2011) are also
available. Hence, such incentives and disincentives have most likely influenced the feasibility.

191 all cases, the emissions to the environment were essentially within the limits fixed by the authorities. The
encountered problems were primarily technical or occupational in nature. For example, water complicated the
excavation process in several cases. Ringstorp, however, which in contrast to the other cases was located inside
the city with surrounding buildings, faced complaints from locals about noise, dust and traffic.

" For exceptions, see van der Zee (2004) and van Passel (2012)

11



4. The dump regime

4.1. THE LANDFILL IS STUCK IN A DUMP

The process of excavating the landfill is in many ways similar for resource extraction and
remediation; the same excavation equipment such as excavators is needed and similar problems
such as protest are faced. The difference, which seems to determine the success, lies in the
perception and management of the excavated waste. It is clear that remediation with redeposition of
the waste and probably also capping the landfill are more in line with the current socio-technical
system surrounding landfills in terms of technology, market, law, culture, science and policies which
obviously facilitates the implementation. Resource recovery, on the other hand, is a mismatch
(Freeman and Perez, 1988), thus an unconventional method, challenging the current socio-technical
system surrounding the landfill.

What resource recovery is challenging more precisely is a socio-technical system based on landfills as
a garbage dump. In Landskrona, for example, the managers applied for grants from the EU LIFE
program®’ to develop technology for extracting resources from a landfill. The application was denied,
however, since resource extraction and the perception of the deposited resources as an opportunity
(a “mine”) was considered to be contrary to EU principles of how landfills should be managed:
landfills should be enclosed and secured. After all, the regulation body surrounding landfills is
explicitly adapted to landfills as a dump, a linear end station for material, as seen in Table 4, including
rules (e.g. European Council, 1999) based on the classification of landfills by their hazard level,
leaching control, closure and after-care. The landfill tax (SCS, 1999:673) is another example, which
was designed to reduce deposition rather than hinder resource extraction by taxing the masses in
need of re-deposition.

Furthermore, landfill researchers have long underpinned the economic (e.g. Nelson et al., 1992) as
well as environmental (e.g. Bogner et al., 1995) and health risks (e.g. Elliott et al., 2001; Baun and
Christensen, 2004) associated with landfills. As demonstrated above, landfill technology and
sampling equipment are also primarily designed to handle a garbage dump and for example deposit
waste and control pollution levels. Simultaneously, it is easier to determine a market for the
excavated waste if the masses are interpreted as a pollution problem. Finally, economic evaluations
are typically based on certain standardization which fosters a particular trajectory (Unruh, 2002). For
remediation projects, grants as well as deductions are available. Such projects are also evaluated
from a wider perspective, including societal benefits, which changes the margins for expenses and
revenues. In sum, the current socio-technical system surrounding landfills facilitates remediation or
capping of landfills, since such operations accept the definition of landfills as a worthless dump,
aiming solely to clean and move the dump to a more appropriate location or cover it, respectively.

2 “||FE is the EU’s financial instrument supporting environmental and nature conservation projects throughout
the EU” (European Commission, 2011)
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Table 4. The material nature of the prevailing socio-technical system surrounding landfills, here referred to as the “dump
regime”, and a potential alternative; the “gold mine regime”.

Material Waste Resources/Ores
Material Value Worthless Valuable

Material Flow End station Source

Material Culture Oppress Liberate

Material Policy Linear Circular

Material Technology Encapsulate Extract

Material Analysis Sampling Prospecting
Economic, Social and Negative' Potentially positive”

Environmental Impacts
! Nelson et al., 1992; Bogner et al., 1995; Elliott et al., 2001; Baun and Christensen, 2004.
% van Passel et al., 2012; Frandegard et al., 2012.

Just like other systems, landfills too seem to be situated in a stable equilibrium, which cannot easily
be changed since systems are embedded in wider socio-technical dimensions, termed “socio-
technical regimes” by Geels (2004). From such a perspective, the landfill and its content is thus
entrapped in a “dump regime,” where technology, markets, terminology, culture, laws, science and
policies surrounding landfills have co-evolved and been enlisted into a dominant regime based on the
perception of landfills as a garbage dump. Landfills are useless, literally nothing, and if they have any
value it is primarily negative, as seen in Table 4, demonstrated for example by their negative impact
on the property values of nearby residences (Nelson et al., 1992). Hence, a simple redefinition of the
landfill and its materiality according to an alchemist's dream into a “gold mine regime,” as visualized
in Table 4, means that the entire socio-technical system established around the “dump regime”
including, for example, its actors, relations, investments and knowledge, in short, its existence, is
challenged. However, since such entrapment arises in most socio-technical systems (Rip and Kemp,
1998; Geels, 2004; Geels and Schot, 2010), it should furthermore mean that there are probably
lessons to be learned from transition theory and other transformations subject to lock-in.

4.2 THE DUMP REGIME IS CHALLENGED

In order for transformations to take off, the prevailing “dump regime” has to become insufficient and
unable to provide a satisfactory function (Arthur, 1988; Cowan and Hulten 1996; Freeman and Loug3,
2001). Such instability is often initiated by exogenous changes. For example, Zsuzsa Gille (2010)
demonstrated that regime shifts in the Hungarian waste sector were preceded by economic reforms,
policy change and the politicization of environmental issues.

Indeed, the “dump regime” has become unstable and deficient under previous norms; active,
capped, as well as proposed landfills have come into question, according to the presented case
studies. For example, the establishment of new landfills has become increasingly difficult such as in
Strangnds, where citizen resistance made it impossible to find a proper location for a new landfill.
Even closed landfills have been contested. In Malmo and Ringstorp enclosed landfills stood in the
way of progress and the development of infrastructure and urban expansion, respectively. In
Stentippen, the pollution level in the leakage water was, despite being previously capped, above
authorized levels. The management of active landfills has also been limited and complicated due to
more stringent regulation. In Landskrona, the landfill did not meet the requirements of the Landfill
Directive (European Council, 1999). Above all, regulations, such as landfill bans and taxes, and the
implementation of the circular economy have made landfills generally redundant. For example in
Sweden, deposition of municipal waste has decreased by 97% by weight since 1994 (ASWM, 2011a).
In sum, these exogenous changes, beyond the control of landfill owners, have made deposition of
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waste and the landfill in the form of a dump insufficient, which has opened up an opportunity for
change, a “window of opportunity” (Kingdon, 1995).

By analogy, the reported cases provides examples of how the waste sector responded to the tensions
mentioned above in the current “dump regime”. The common practice to regain stability has been
like in Landskrona and Strangnas, to close and cap landfills. In Sweden, over 70% of all landfills open
in 1994 have today been capped (ASWM, 2008). In cases when capping and treatment of the
effluents proved insufficient, like in Stentippen, remediation and removal of waste to secure landfills
became the alternative solution to tackle the instability. These solutions are a small modification of
an incremental nature. Capping in particular minimizes change to the system in its form of an end-of-
pipe solution. The problem is simply covered, leaving existing infrastructure in place with a focus on
the outflow from the system, i.e., treatment of emissions with add-on technologies. Remediation
simply means that the waste is moved to a more appropriate landfill (dump) for safer deposition.

The incremental strategy is not surprising given that actors embedded in regimes see only the
obvious and follow traditional paths (Nelson and Winter, 1982). However, innovation is possible
within the given framework. For example, many Swedish cases of capping resulted in methane
capture and recovery®, which Bill Clinton refers to as “gold mines” (Ragir and Oliveira, 2011). Clinton
may be right; recovering methane from landfills could be a first step to transform the dump into a
gold mine. Since this method is more in line with the current socio-technical system, policies,
infrastructure and the landfill as such remains intact. Hence, it is primarily the effluents from the
landfill that are targeted in this transformation rather than the socio-technical system surrounding
the landfill and its mineral content. There are, however, as the case studies demonstrated, some
radical exceptions, attracting little public attention, in which the current socio-technical system and
the “dump regime” have been challenged.

5. Transforming dumps into gold mines

Although most actors tend to follow traditional paths, this is not true for all. Employees collect
attractive deposited waste for their own needs and thus challenge the materiality of landfills (Reno,
2009). This self-organized, often spontaneous, approach seems to have no influence on either
culture or landfill policy; on the contrary, it is against company policy and therefore hidden from “the
boss.” According to many researchers (e.g. Bass, 1990; Kingdon 1995) the idea of a transformation
needs instead to be initiated by a key person in a position and with the ability to persuade policy
makers, at a precise time when those in power are open to new ideas. Key individuals are also
assumed to be particularly important in the initial phases of technical transformations, referred to as
system builders (Hughes, 1979), by creating legitimacy, mobilizing resources and unifying diversity
(Giddens 1984; Carlsson and Jacobsson, 1997).

In both Landskrona and Strangnas individual leaders (in this case, waste managers) initiated the idea
that the landfill could be extracted and deposited waste recycled as a way to meet the tensions in
the “dump regime.” In Strangnas, the size of the current landfill began to reach limits specified in the
permit. A political controversy arose regarding where the new landfill would be constructed, which
opened up a possibility for innovation. The previous waste manager realized, as an alternative to
establishing a new landfill, that the lifetime of the old landfill could be extended if the waste was
excavated and recovered. In Landskrona, unlike many other owners, who capped and closed landfills
in response to the landfill directive, the waste manager started to investigate extraction of deposited
waste and sealing the bottom. Hence, the waste managers become spokespersons (Callon, 1986)"
for the landfills (in form of mines).

Y Today, methane is captured in about 50 Swedish landfill sites (ASWM, 2011b).
' Callon uses the term “spokesmen”.
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Although local decision-makers were persuaded to finance the projects, changes on the macro level
including regulation, institutions and values were never reached, exemplified by the rejection of the
EU application. One of the reasons may be the lack of cooperation with actors outside the initiators’
own sector. In political theory, it is argued that advocacy coalitions (Sabatiers, 1988), i.e., networks
with actors from different sectors, are crucial for changing institutions and policies. For example,
Jacobsson and Bergek (2004) suggest that Germany's lead in renewable energy such as wind energy
is mainly due to horizontal networks between different actors. These networks have challenged the
carbon lock-in (Unruh, 2000) by creating legitimacy, aligning institutions and pushing for economic
incentives. Hence, to achieve policy change, cross-sector networks, similar to the consortium in
Belgium (Craps et al., 2011), should engage in politics, influence public opinion and demonstrate that
landfills in the form of “mines” can solve wider policy concerns. For example, landfill mining can
create jobs (Jones et al., 2012), reduce carbon emissions (Frandegard et al., 2012), prevent future
leakage, postpone metal scarcity and by relying on anthropogenic stocks of metals increase the
autonomy of governments.

Besides collaboration outside the sector, more cooperation inside the sector would have facilitated
the transformation. For example, Ruth Lane (2011) has shown how the lack of sharing the available
resources, between formal and informal actors in waste collection, has hampered effective recycling
prior to dumping and the transition to the resource recovery regime. Such regressive forms of
cooperation were also obvious in the transformation to the "gold mine regime." In these cases, it
proved difficult to allocate the deposited resources fairly among involved actors and equitably
distribute costs and revenues. In Landskrona, for example, the effect of the current model was that
the major cost of combustibles was supposed to be solely borne by the initiator, while the revenue
for produced heat would end up at the incinerator. Hence, the general rule of resource management;
that resources should be shared between actors in partnership (Ostrom, 1990), seems also apply to
waste management.

There have been no connections either between the cases and other reported landfill mining
projects (e.g. Dickinson, 1995; Reeves and Murray, 1997; Zhao et al., 2007); these have been limited,
isolated projects implemented by actors with other core business. There has thus been little transfer
of knowledge and experience between cases and actors. Each case had to start from scratch in their
efforts to reduce uncertainties and transform the landfill into a mine. Therefore, actors specialized in
extracting waste, rather than burying waste probably need to emerge, i.e., division of labor, ready to
invest in further experiments and learning processes. This would also make it possible for resource
extraction from landfills to not only be an innovative solution to traditional management problems
related to landfills such as lack of landfill space, which was the case in Strangnas and Landskrona as
well as other documented cases (e.g. Dickinson, 1995; Reeves and Murray, 1997), but the primary
driving force. Furthermore, since the initiator of the mining cases in this study, the municipal waste
manager, had other core activities and responsibilities under law, it may seem unfair to expect a
sudden change of focus, efforts to mobilize actors and representation of the transformation at the
macro level. Hence, specialized actors who are involved in more than single cases would probably be
a more suitable spokesperson for landfills in the form of “mines”.

Even if all these conditions are in place, including passionate individuals, advocacy coalitions,
partnerships and specialized actors, it may nevertheless be problematic to overcome one specific
obstacle: cultural attitudes. For someone living in the vicinity of a landfill, it can be difficult to grasp
the benefits of reduced carbon dioxide emissions and increased metal supply, given that landfills are
a typical NIMBY situation (Rasmussen, 1992). All the negative impact from deposition, i.e., smell,
noise and transportation, which affects the locals, will revive if the waste is exhumed (Craps and Sips,
2011). Certainly, technical solutions may reduce these impacts, but never to a degree that avoids
controversies. In fact, the cases with most transparency and participation, Ringstorp and Malmo,
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were also the cases that faced most opposition. As long as the waste is buried, the content seems
almost irrelevant. However, when the deposited waste is excavated it suddenly becomes tangible, a
potential risk, as it previously did not exist. Or, as one concerned parent put it in the local media, not
to argue for remediation of the risk but to suspend the excavation of Ringstorp, “We do not know
with certainty what is hidden in the masses. There may be toxins” (Bergstrom, 2007). Thus, it is not
likely that the transformation will be initiated by social movements. However, to facilitate the
operation, locals should be invited to participate in the management to represent the locals (Craps
and Sips, 2011) and provide solutions (Lane et al., 2011), rather than simply be given the opportunity
to express concerns.

6. Conclusion

The circular economy is currently challenging the societal function of the dumps, as the recirculation
of waste makes landfills redundant. Such instability brings opportunities for new solutions to emerge.
However, to initiate a radical transformation, exogenous changes can not only establish instability in
the current regime, but must make the radical solution the most viable alternative. Otherwise, a
solution that minimizes system change will scale up to restabilize the regime. For example, to
stabilize the “dump regime” in Sweden, landfills are usually capped and monitored. Even cases where
capping proves insufficient and the landfill need to be exhumed such as the one in Ringstorp will
survive perfectly without resource extraction. Since the value of the land commonly exceeds the
value of the content in a landfill (van der Zee et al., 2004), this could make extraction of resources
redundant. Therefore, exogenous changes may be required, which not only destabilizes the "dump
regime," but also makes the “gold mine regime" more attractive. For example, if the circular
economy would align with even further resource scarcity, it would probably force us to not only look
at waste but also landfills, the pyramids of waste, as an alternative resource base.

For the impatient, shortcuts are nevertheless possible if the emerging approach can be made more
compatible with the old regime (von Bertalanffy, 1968). For example, resource extraction could be
integrated with landfill remediation projects. After all, it is difficult to separate such remediation and
resource extraction projects from each other; pure soil elements can be used as construction
material in landfill remediation projects, while resource recovery projects would decrease the risk for
leakage of heavy metals. Given the present waste management policy and legislation, it is even
unlikely that resource recovery from landfills can be realized without any remediation and site-
restoration efforts.

In countries with less strict and formal waste management than Sweden, landfills are often situated
in parallel regimes. Landfills are simultaneously dumps and mines. Waste companies dump waste in
the landfill, whereupon waste pickers collect deposited waste that is valuable. It would therefore be
interesting to investigate how these “landfill regimes” can work side by side and where mining
initiatives are not doomed to fail.

Finally, it is important to note that the extraction of resources from Swedish landfills did not fail
because it was just another case of fool’s gold. Landfills are made up of much more than the material
content alone, i.e., a socio-technical system based on the notion that landfills are garbage dumps;
the dump regime. Hence, for dumps to transform into goldmines, it is not the actual landfills that
have to change, but the socio-technical system surrounding them. This suggests that the realization
of the alchemist’s dream, transforming worthless materials into gold, is not necessarily found in
exoteric substances but in social dimensions. If our attitude to dumps can change, mines bursting
with precious metals including iron, copper and gold are available.
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