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Sammanfattning 
Det finns många anledningar att gräva ut deponierna. Till exempel flyttas allt fler metaller från 
jordskorpan via samhället in till deponierna, där de befinner sig relativt nära marknaden till skillnad 
från metaller i ödemarken långt nere i jorden. Väl i deponierna utgör dessa metaller dessutom ett 
hot mot människa, natur och miljö. Trots detta är det sällan deponier grävs ut. Därför syftar denna 
uppsats till att svara på frågeställningen: Varför utvinns inte metaller från deponier? Detta syfte har 
studerats genom att analysera olika faktorer som anses viktiga för att realisera ett gruvprojekt, ovan 
så väl som under jord, såsom resurspotential, institutionella förutsättningar och delvis tekniska 
metoder. Dessutom har deponier kontrasterats mot andra metallförråd som för närvarande utvinns 
för att därigenom förstå vad som driver resursutvinningen från vissa metallförråd, men inte andra. 
Informationen har i huvudsak samlats in igenom intervjuer, dokumentstudier och litteraturstudier 
mellan åren 2010 och 2013. 
 
För närvarande utvinns metaller från jordskorpan, från användning i takt med att de successivt blir 
till avfall, och från gruvavfall. Förutsättningarna för att utvinna metaller från dessa förråd är bättre 
än från deponier. Till exempel finns det mer metaller i jordskorpan såväl som i användning. 
Enskilda gruvavfallshögar innehåller mer metaller än deponier. Dessutom är gruvavfallshögar 
homogena, med en likartad komposition som malmen, vilket gör att samma teknik redan i ägandet 
kan användas för att reprocessera gruvavfallet. Deponier däremot är i regel heterogena med en 
blandning av många olika typer av avfall. Samtidigt saknas metoder för att genomlysa och analysera 
innehållet i deponier för att därigenom identifiera värdefulla resurser, vilket gör det svårt att 
uppskatta resurspotentialen i enskilda deponier. Metaller i användning befinner sig också i en 
heterogen miljö, men genom lagstiftning om källsortering görs flödena homogena och 
förutsägbara. 
 
Det finns dock homogena deponier med ett någorlunda förutsägbart innehåll. Men inte heller dessa 
deponier grävs ut, vilket till stor del kan förklaras av de institutionella förutsättningarna. Forskare, 
tjänstemän, lagstiftare och beslutsfattare har länge manifesterat tanken på deponier som slutstation 
för sopor och om deponier har något värde så är det framförallt negativt; de utgör en soptipp. 
Därför står utvinning av mineraler från deponier på många sätt i konflikt med den nuvarande 
strategin att isolera, täcka och stänga soptippar och blir därigenom en utmanande operation. Medan 
allt fler deponier stängs i Sverige, öppnas allt fler gruvor med stöd från staten. Bara under 2010 
subventionerades gruvsektorn med 35,5 miljarder kronor. Detta stöd är en av många faktorer som 
hjälper till att hålla nere priser på metaller, vilket gör att utvinningsprojekt från andra metallförråd 
indirekt blir svåra att genomföra. Dessutom är metallerna i deponierna inte tillgängliga för 
efterfrågan, trots att de inte fyller någon funktion, eftersom deponier vanligen ägs av någon. 
Metallerna i jordskorpan såväl som i användning görs emellertid tillgängliga, genom att 
ägandeskapet undantas med hjälp av olika lagar.  
 
Om efterfrågan på metaller fortsätter att öka samtidigt som metallernas tillgänglighet i jordskorpan 
minskar, måste ytterligare metallförråd tids nog komplettera återvinningen. Jämfört med riskerna 
att bryta metaller från havsbottnen och rymden borde deponier ligga närmare till hands. Men idag 
finns det inga politiska påtryckningar att inleda något så krångligt, okonventionellt och "smutsigt" 
som att utvinna metaller från deponier. Metallpriserna är för låga och vad som är lönsamt och 
därför möjligt att bryta från jordskorpan, dvs. reserverna, omdefinieras ständigt med hjälp av 
statliga forskningsanslag till teknisk utveckling och statliga subventioner av gruvdrift som håller 
nere kostnaderna. 

III 
 



IV 
 



Abstract  
There are many reasons to mine landfills. For example, metals are increasingly shifting location 
from the Earth’s crust through human society into landfills. These new mines are located closer to 
the market, in contrast to traditional mines in the countryside where the metals are deep inside the 
crust requiring huge amounts of energy to be extracted. In addition, metals in the landfill pose a 
potential threat to humans, nature, and the environment. Despite this, landfills are not commonly 
mined. Therefore, the purpose of this thesis is to answer the question, Why don’t we mine the landfills? 
This question has been approached by analyzing different factors, such as the resource potential, 
institutional conditions, and to some degree technical methods considered important in order to 
realize a mining operation, above as well as below ground. In addition, the potential of landfills as 
mines will be contrasted with other metal stocks currently mined in order to understand what 
drives resource extraction from some metal stocks but not others. Information was mainly 
gathered through interviews, document studies, and literature reviews between 2010-2013.  
 
Metals are currently extracted from the Earth’s crust, in-use as they successively turn into waste, 
and tailing ponds. These stocks have greater mining potential than landfills. For example, there are 
more metals in the Earth’s crust as well as in-use. Single tailing ponds contain more metals than 
landfills. Furthermore, the waste in tailings is homogeneous and has a similar composition to ore, 
thus similar technology already in ownership to process the ore can be used to reprocess old 
tailings. Landfills, on the other hand, are usually heterogeneous and contain a mix of various wastes. 
At the same time, there are no methods to uncover the contents of a landfill and thereby identify 
particularly valuable ores, which makes it difficult to estimate the resource potential of single 
landfills. Metals in-use are also situated in a heterogeneous environment, but through state 
regulation on source separation are made more homogenous and predictable.  
 
However, there are homogeneous landfills with fairly predictable content. But these landfills are 
not mined either, which largely can be explained by institutional conditions. Researchers, officials, 
legislators, and policy makers have long manifested the idea of landfills as the end station for 
worthless rubbish, and if landfills have any value it is negative, as a dump. For this reason, mining 
the landfill is a mismatch with the current strategy to isolate, cap, and close landfills and thereby 
becomes a challenging operation. At the same time as landfills are closed, mines are opened up with 
the support of the government. For example in 2010, the Swedish mining sector was subsidized 
with € 4 billion. This support is one of many factors that contribute to keeping the price of metals 
as a commodity down, which could make metal extraction from other stocks indirectly unfeasible. 
In addition, metals in landfills are not available on demand, although they lack a function, since 
landfills are owned by someone. The metals in the Earth's crust as well as in-use, on the other hand, 
are made available by exempting the ownership.  
 
If the demand for metals continues to increase, while being depleted in the Earth’s crust, additional 
sources for recycling need to be accessible. Compared to the risk associated with the schemes in 
outer space and the deep sea, the metals in the landfills seem less distant. However, there is no 
pressure today from policies to initiate something so awkward, unorthodox and “dirty” as 
extracting metals from landfills. The metal prices are too low and what is profitable and thus 
possible to mine from the Earth’s crust, i.e., reserves, is constantly redefined, with the help of 
governmental support through research funding of technological development and subsidization 
of the mining operation, which reduces costs.  
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1. INTRODUCTION  
This section introduces the reader to the thesis by providing the background to why the Research Questions are 
important, followed by the purpose and scope of the thesis.  
  
This thesis concerns a different type of mining than usually encountered, namely landfill mining. 
This type of mining can be viewed as a continuation of traditional mining, which has been 
correlated with human progress ever since the early attributes of civilization (Lewis and Clark, 
1964) e.g. through the “Bronze Age” and the “Iron Age,” but has today become questionable. 
Metals have become increasingly crucial, virtually all metals in the periodic table are currently used 
(UNEP, 2010), while resources have simultaneously become increasingly inaccessible due to 
reasons as varied as depletion, political instability, trade barriers or environmental externalities 
manifested by the inherently resource-intensiveness of mining and associated pollution problems 
(Nriagu, 1996; EPA, 2004; WRI 2004). Therefore, attention is turning to the emerging stockpile of 
metal contained in the human, man-made environment. 
 
In fact, for specific metals such as iron and copper, it has been estimated that the current 
accumulation in the built environment is comparable to or even exceeds the remaining amount in 
known geological ores1 (e.g. Lichtensteiger, 2002; Elshkaki et al., 2004; Spatari et al., 2005; Gordon 
et al. 2006; Müller et al., 2006; Halada et al., 2009; Barles, 2010). Consequently, metals from the 
annual waste flow are becoming an increasingly important source of metals (UNEP, 2011). 
Recycling alone, however, cannot feed the market in a closed circle, as long as the demand for 
metals continues to increase. Today, for instance, the total waste generation of copper is globally a 
few millions tonnes per year, while the annual consumption is approaching 20 million tonnes 
(USGS, 2010). So, even if we were capable of material recycling virtually all annually generated 
copper discards, which at present we are not even close to (UNEP, 2011), most of our raw material 
supply would still have to be covered by primary production.  
 
Even if consumption were to stabilize in a closed loop, metals will dissipate during the life cycle 
according to the Second Law of Thermodynamics (Georgescu-Roegen, 1977), in uncontrolled 
stocks in the environment such as soil, air, and water or controlled stocks such as tailing ponds, slag 
heaps, and landfills. These deposits of metals excluded from ongoing anthropogenic cycles, 
however, can potentially be mined (Ayres, 1999) and thereby increase the inflow of secondary 
metals to the market. Again taking copper as an example, the global magnitude in different types of 
waste deposits such as landfills, tailing ponds, and slag heaps is comparable to the current in-use 
stock of copper, i.e., 330 million tonnes (Kapur, 2006).  
 
At the same time, the current use of metals is in many ways uncontrolled and ineffective, and 
therefore accumulated metals often become a pollution or health problem. It is, for example, well 
known that landfills may have local implications such as leaching of heavy metals and other 
hazardous substances (Baun and Christensen, 2004). The waste sector has typically responded to 
such pressures by covering and capping landfills. However, the risk of capping the problem, or 
rather the landfill, is that such sites over time may be forgotten with catastrophic consequences for 
future generations (c.f. Cossu et al., 1996; Reith and Salerni, 1997). Even if the capped landfills are 

1 Not only are the anthropogenic stocks greater than the geological, but for some metals the anthropogenic flows have 
also surpassed the geological flows (Bergbäck et al., 1992; Brunner and Rechberger, 2004).  
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not forgotten, they still often display long-term pollution concerns (Hird, 2013). Furthermore, 
landfills formerly located in the outskirts of cities are increasingly hindering urban development.  
 
Hence, there are several reasons to mine the landfills; as traditional metals are becoming 
inaccessible, the resource base is shifting and landfills offer a significant alternative source of 
metals. Such an approach could improve the resource autonomy of a region, considering that more 
or less all regions have a large number of landfills. Landfills do, indeed, also in contrast to 
traditional mines, contain other vital resources such as plastics, wood, and paper. Mining these 
landfills may be a strategy for pollution prevention, as the original pollution source can be 
permanently eliminated, or at least largely reduced, while the landfill infrastructure could be 
upgraded, e.g. through bottom sealing and leachate collection systems. Furthermore, the realization 
of landfill mining could constitute a potential way to strengthen local economies by offering new 
job opportunities, knowledge, and interest (Jones et al., 2013). Since landfill mining targets minerals 
already extracted, the concept could be understood as post-mining.  
 
Nevertheless, landfills are not commonly mined in the developed world and the few pilot studies 
undertaken rarely scale up into large-scale operations (Krook et al., 2012). Previous research on 
landfill mining has mapped isolated pilot studies in terms for example of material composition (e.g. 
Cossu et al., 1996; Hogland et al., 2004), technical efficiency (e.g. Dickinson, 1995; Reeves and 
Murray, 1997; Zhao et al., 2007) or economic feasibility (e.g. Fisher and Findlay, 1995; Dickinson, 
1995; Hull et al., 2005; Bryden, 2000). The economic evaluations of single case studies have 
commonly proven landfill mining unprofitable (e.g. Dickinson, 1995). Although these are all 
essential aspects for any specific project, broader discussions of landfills as mines beyond single 
cases are lacking. For example, why is it the case that landfill mining initiatives seldom become 
profitable? Such knowledge is essential in order to understand the societal potential of landfill 
mining and the multifaceted obstacles related to the realization of such a strategy.  

1.1 PURPOSE AND RESEARCH QUESTIONS 
By going beyond single case studies, the purpose of this thesis is to address the resource, technical, 
and institutional conditions for landfill mining in order to better understand why landfills are not 
mined. These are all factors important to consider in the exploitation of any metal reservoirs, above 
as well as below ground (Payne, 1973; Hartman and Mutmansky, 2002; van Beers and Graedel, 
2007; Brunner, 2007). First of all the resource potential, for example in terms of the amount, grade, 
and disparity of metals in landfills will be addressed to investigate the long-term potential of this 
particular metal source. Certainly, in the mapping of landfill mining pilot studies, the composition 
of single deposits in terms for example of metal concentrations has been reported. But comparative 
studies on decisive geological differences (e.g. ore grade and level of resource dispersal) between 
landfills and other metal deposits currently mined is lacking. The first Research Question (RQ 1) 
can thus be formulated as: 
 
RQ 1: What is the resource potential of landfills?  
 
Information on the geological potential e.g. in terms of the grade provides a basic understanding of 
the mining potential, but is far from sufficient. For example, available technical methods to extract 
metals from landfills are of course also important. Previous pilot studies have primarily been 
mapped by engineers, who have demonstrated the possibility of extracting metals from landfills by 
magnetic separation processes (e.g. Rettenberger, 1995; Obermeier et al., 1997; Hino et al., 1998; 
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Zanetti and Godio, 2006). Since the technical feasibility and methods to extract metals from 
landfills have been well covered, the technical perspective will only briefly be analyzed in Research 
Question 1 and related to the resource potential. The third factor, which has received less attention, 
perhaps not surprising given that large-scale operations are lacking, is the institutional conditions. 
The institutional conditions should here be understood as the socio-technical system surrounding the 
landfills in terms of policy and legislation, culture, markets, and organizational issues that influence 
the conditions and dissemination of landfill mining. The second Research Question (RQ2) can thus 
be formulated: 
 
RQ 2: What are the institutional conditions for mining the landfills?  
 
The institutional conditions of landfill mining, just as the resource potential, will be contrasted with 
the conditions for extracting other metal stocks, in order to understand what drives resource 
extraction from some metal stocks but not others. The comparison of the institutional conditions 
will not only be based on comparing the socio-technical system surrounding different metal stocks 
but also comparing the level of subsidies to different metal-producing sectors so as to indicate the 
importance of policies and political commitment. However, institutional conditions are dependent 
on the context and differ across countries. In this thesis, the second research question is studied 
from a Swedish perspective, while the resource potential, the first research question, is studied from 
a broader context embracing a wider perspective, at least relevant for many industrial countries. 
Nonetheless, even if every single landfill has its unique socio-technical system, in terms of local 
conditions, actors and residents and the institutional conditions that may differ between countries, 
there are aspects that are of generic relevance for understanding why landfills are not mined.  
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2. MINING THE TECHNOSPHERE 
This chapter presents the background of landfill mining, by situating landfill mining in a wider context. First, the 
development of the broader research field – mining the technosphere – is presented, including an overview of the metal 
stocks in the technosphere. Thereafter, mining concepts targeting the technosphere are reviewed. 
 
In industrial metabolism2, tools such as Material Flow Analysis and Substance Flow Analysis 
traditionally were used for identifying and quantifying where and how metals accumulated in the 
human built environment in order to predict future emissions. Several projects emerged in line with 
this recognition such as the “Stocks and Flows (STAF) project” at Yale University, “Material 
Accounting as a tool for decision making in Environmental policy” at Vienna University, “Metals 
in the society and the environment” at Linköping University and “The RtoS Koden project” at 
Tohoku University. Most of these studies tended initially to emphasize the flows and the cycles of 
metals rather than the stocks. But while mapping the flow of resources a greater input than output 
in the material balance was discovered indicating cumulative accumulations of resources. Hence, 
metabolism studies (e.g. the STAF3 project) started to categorize metals in the built environment in 
six different stocks: in-use stocks, landfills, tailing ponds, slag heaps, hibernating stocks, and 
dissipated metal resources, as illustrated in Figure 1. 
 
Metallic goods in-use encompass both smaller items that usually move rapidly through the use 
phase such as e-waste as well as larger objects and systems such as buildings and infrastructure that 
tend to persist in-use for decades or even centuries (Spatari et al., 2005; van Beers and Graedel, 
2007; Drakonakis et al., 2007; UNEP, 2010). Landfills, tailing ponds, and slag heaps are the result of 
current waste management practices. The majority of end-of-life products that are collected by 
waste management in the world still end up in landfills (Kollikkathara et al., 2009; UN-HABITAT, 
2010; Kim and Owens, 2010). While tailings are leftovers after the mill process and extraction of 
metals from ore, slag is a residue product from the refining of ore by pyrometallurgical processes 
such as smelting, converting, and refining. Tailings are commonly stored in ponds, but could also 
be backfilled into the mine (Grice, 1998) or stored in dry stacks (Davies and Rice, 2001). 
Hibernating metals refers to parts of the in-use metal stock that over time have been permanently 
taken out of use without being collected for waste management (Bertram et al., 2002), abandoned 
for example in attics (Saphores et al., 2010) and underground (Krook et al., 2011). Dissipated metal 
resources (Kapur and Graedel, 2006) represent the share of employed metals that has been 
dispersed to the surrounding environment (land, sea, air or even space).  
 

2 The aim of industrial metabolism studies according to Anderberg (1998) is to: “gain improved knowledge and 
understanding of the societal uses of natural resources and their total impact on the environment. The basic idea is to 
analyze the entire flow of materials and identify and assess all possible emission sources.”  
3  The Stocks and Flows project at Yale University. For more information please visit: 
http://cie.research.yale.edu/research/stocks-and-flows-project-staf (access 2013-05-29) 
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Figure 1. Diagram showing how metals from the lithosphere linearly accumulate in different stocks situated in the 
technosphere. From all stocks, secondary metals dissipate into the surrounding environment (land, sea, air or even 
space). Note that the figure is a simplification; for example, slag can originate from a smelter as well as be a residue from 
further pyrometallurgical processes. The figure is taken from Paper 1.  
 
The potential extraction of these metal stocks has been conceptualized through various 
post-mining concepts such as urban mining (Brunner and Rechberger, 2004), mining the technosphere 
(Widmer and Rochat, 2009) and waste mining (Ayres, 1999). These are just a few examples of the 
many different terms that have been proposed with the word “mining” to describe the place where 
secondary metals accumulate and are targeted for the mining operation. The variety of terms shows 
that an established dominant terminology has not been standardized. The term urban has been 
criticized since secondary metals are often located in the countryside (Graedel and Allenby, 2010), 
such as tailing ponds, while the concept waste misses the fact that metal may not only be recovered 
from waste, but also metals in use, for example in wartime (Klinglmair & Fellner, 2010) or by theft 
(Sidebottom et al., 2011). The term technosphere assumes that the accumulation of metals in the 
built environment is the result of technical processes, and is in industrial systems. Such an approach 
denies the social aspect and human involvement in the creation of this emerging resource base, 
which is not necessarily found in industrial systems but also for example dissipated in the sea by 
other than industrial means. On the other hand, terms such as the anthroposphere or anthropocene give 
too much importance to the social dimension and deny the crucial influence from technical 
development on the relocation process. In addition, in some cases, metals, such as hip implants, are 
found inside the human body and are recovered at cremation (Daily Mail, 2013). Thus, metals are 
not only located in the sphere created jointly by man and technology, but also inside the very people 
and technology that created the sphere. Regardless of which term above is used in this thesis, they 
all aim at the same thing, to conceptualize and describe the place where secondary metals have 
accumulated. 
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A word that has consistently over the years been put in front of the word “mining” is “landfill,” 
formulating the concept landfill mining to describe and conceptualize the extraction of metals and 
other valuable resources from landfills. One reason for the consistency of the concept is probably 
because it embraces a limited and well-defined space of the technosphere, landfills. However, Jones 
et al. (2013) have modified the concept by the addition of the adjective “enhanced” in front of 
“landfill mining,” in order to symbolize a more optimistic approach including unconventional 
methods to extract resources from landfills4. There are nevertheless several ambiguities in the 
conceptualization of landfill mining. For example, the boundaries between landfills, tailing ponds, 
and slag heaps are fluid, since all these metal stocks are different versions of metals situated in piles 
of waste. Hence, the concept landfill mining has occasionally been associated with sludge (Franke 
et al., 2010) and slag heaps (Zanetti and Godio, 2006).  
  

4 By innovative technologies such as gas plasma, deposit waste shall be valorized. The concept is also based on the idea 
of landfills as temporal repositories of resources, awaiting efficient recycling technologies (Jones et al., 2013).  
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3. THE FRAMEWORK OF THE THESIS 
This chapter will provide the theories and concepts used in this thesis. My understanding of the words landfill and 
mining is first presented, followed by the analytical framework of the thesis, which explains how the concepts shall be 
analyzed in this thesis.  
 
In this thesis, landfills are defined as piles of municipal and industrial waste, i.e., household, 
commercial, and industrial waste, excluding waste from mining or metallurgical processes. Thus, a 
typical landfill as described in Frändegård et al. (2013) review of landfill types. Another way of 
delimiting the concept of landfill, and distinguishing it from other waste piles such as tailing ponds 
or slag heaps is to see them as an end station for consumption, a pre-commodity phase, a terminus 
for things once in use; a place of “things you ardently wanted and then did not” (Hawkins, 2006). 
Still, municipal landfills vary significantly in capacity, content, and design, both between different 
countries but also over time in specific countries. For example in Sweden, modern active landfills 
are bottom sealed with drainage system, while old inactive landfills are often just covered with soil 
and unlined, some of which have become ski slopes while others are just grassy hills. All types of 
waste such as soil, wood, food, sludge, e-waste, pesticides, and appliances such as refrigerators have 
over time been landfilled. Local variations may furthermore exist depending on the local industries 
and their specific waste, but also due to aspects such as moisture content, presence of enzymes, pH, 
temperature, density, and compressibility of the landfill (Elagroudy et al., 2008), influencing for 
example the biodegradation rate and oxidation of iron, thus the quality of the waste. 
 
Concerning the second part of the concept “landfill mining,” the word mining is a rather unusual 
metaphor in industrial ecology5, as it communicates a dirty and anthropogenic activity with harmful 
environmental consequences (cf. Nriagu, 1996; EPA, 2004; WRI 2004; Williams, 2008). In 
industrial ecology, natural metaphors such as industrial symbiosis are otherwise used to signal that 
the technical solution is natural, green, safe, and uncontroversial6. But this “dirty” metaphor brings 
other, in this case more valuable meanings since it does not primarily aim to improve the 
environmental standard, but to highlight and bring metals lost from anthropogenic cycles back into 
the economy and thereby close the loops, which may nevertheless have positive environmental 
effects (cf. Frändegård et al., 2013).  
 
However, it is not clear how the mining metaphor should be interpreted in this context. Mining in 
a strict sense concerns only metal extraction, while from a broader perspective it embraces all forms 
of mineral extraction, including natural gas, oil, and peat (Hartman and Mutmansky, 2002). The 
concept of landfill mining is nevertheless generally also used to describe the extraction of 
non-mineral waste such as soil, wood, and other combustibles from a landfill (e.g., Cossu et al., 
1996; Van der Zee et al., 2004; Krook et al., 2012). Previously reported cases of landfill mining have 
been driven by different traditional waste management practices such as the need for increased 
landfill space or leaching heavy metals (Krook et al., 2012), which may explain why all types of 
waste have been extracted and not only minerals. In this thesis, mining should primarily be 
interpreted in a strict sense, as the extraction of metals (although landfills contain all types of 

5 Industrial ecology has been defined by Allenby (2006) as a “systems-based, multidisciplinary discourse that seeks to 
understand emergent behavior of complex integrated human/natural systems.” 
6 Its skeptics (e.g. Oldenburg and Geiser, 1997) argue, however, that the outcome is often the reverse since the 
exchange of products may create wasteful system, rebound effects, and lock-in environmental harmful technology. 
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resources). The reason is first of all because previous case studies of landfill mining (e.g. Cobb and 
Ruckstuhl, 1988; Obermeier et al., 1997; Hogland et al., 2004; Zanetti and Godio, 2006; Kurian et 
al., 2007) have primarily succeeded in sorting out and recycling metals, while other resources often 
have been sent to incineration or used as construction material. Hence, from a material recycling 
perspective, metals are most interesting. Second, the focus on metals is more or less culturally 
embedded, given that Sweden, the context where this thesis is written, is a “metal country,” 
producing 83% of all primary metals in Europe (SGU, 2012a; INSG, 2013; EAA, 2013). Hence, 
metals “speak” in Sweden. Although the focus is on metals, other materials will be noted since their 
presence may explain why landfills are not mined. Furthermore, when a landfill is opened up and 
excavated anyway, all potential resources may as well be recovered, while hazards are secured.  

3.1 THE ANALYTICAL APPROACH   
This thesis spans different perspectives such as material, technical, and institutional potential of 
mining the landfill. The diverse scope derives from the multidisciplinary nature of assessing the 
mining potential of a metal deposit, below as well as above ground, which is a necessity since the 
realization of a mining operation requires that many different factors such as material, technical, 
and institutional conditions coincide (Payne, 1973; Hartman and Mutmansky, 2002; van Beers and 
Graedel, 2007; Brunner, 2007).  
 
A traditional mining assessment (e.g. Payne, 1973; Jones and Pettijohn, 1973) typically presents the 
material, technical, and institutional conditions separated for example in different subchapters. In 
this thesis, the perspectives should not be understood in isolation. Instead everything is connected 
in a post-modern context, where no clear-cut distinction exists between technology, people, and 
society. Although the resource potential will be presented in a technical context, embracing factors 
such as grade, dispersion, and heterogeneity, it will nevertheless be integrated with other factors 
such as prospecting methods. But especially when the institutional conditions will be analyzed, the 
landfill with its fixed, taken-for-granted boundaries, will be lifted from its isolation from the outside 
world and social processes. The institutional conditions should here be understood as the 
socio-technical system of landfills. This understanding of systems originates from organizational 
studies of the British coal mining industry (Trist, 1981), for example in Trist and Bamforth’s (1951) 
study of the interactions between machines and humans in the coal mines. However, the social 
dimension should here be understood much more broadly to also include societal functions 
surrounding landfills, such as science, policies, markets, and culture. This means for example that 
scientific articles about landfills, regulations such as the landfill directive, and the cultural 
perception of landfills will be analyzed.   
 
These socio-technical systems are inert, where traditional approaches persist, 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. 
Indeed, systems can change as demonstrated throughout history, but there is an inherent stability in 
systems which makes change inertial and complex. Stability in a system emerges through different 
mechanisms, for example when societal aspects such as technology, markets, law, science, culture, 
and policy co-evolve in tandem and align into a regime (Geels, 2004; Geels and Schot, 2010). Such 
mutual dependencies establish stability around the system with an exclusion effect for dissenting 
alternatives. Hence, the various aspects surrounding landfills, such as markets, culture, science, and 
policies should be understood in this thesis with emergent properties of inertia, potentially locking 
the landfills in a particular trajectory, excluding alternatives.   

10 
 

http://www.sciencedirect.com/science/article/pii/S2210422412000512%23bib0010
http://www.sciencedirect.com/science/article/pii/S2210422412000512%23bib0390
http://www.sciencedirect.com/science/article/pii/S2210422412000512%23bib0355
http://www.sciencedirect.com/science/article/pii/S2210422412000512%23bib0385
http://www.sciencedirect.com/science/article/pii/S2210422412000512%23bib0135


 
The downside of studying an object from a socio-technical perspective is that the materiality in the 
form of substances, the constitution of things will become passive, in the background of the 
analysis7. For example, in Trist and Bamforth’s (1951) analysis of the interaction between humans 
and machines in the coal mine, the material, coal, was forgotten. The choice of system boundaries 
naturally influences the result, for example socio-technical analysis often concludes that the object 
under investigation is socio-technically constructed, which sometimes has value, but misses that 
society is certainly a construction, but a construction of the social as well as material (Latour, 1999; 
Monstadt and Naumann, 2005; Delanda, 2006) for example in the form of metals and other natural 
resources. Ignoring the existence of material in landfills, regardless of whether the perception of 
landfills is a social construction or not, would miss that the answer to the question of why don’t we 
mine the landfills can potentially be found in its materiality. Therefore, the socio-technical analysis 
needs to be considered in correlation with the analysis of the material analysis according to 
Research Question 1.  
 
This approach, which is far from new, has been used in a variety of socio-material studies 
investigating the interaction between matter and man. For example, in waste studies Zuzan Gille 
(2010) has demonstrated how social, technical and material processes have changed the perception 
of waste in Hungary over time, and enlisted policies, cultures, economics, and technologies into 
various “waste regimes”: the metallic regime, the efficiency regime and the chemical regime. Gille’s work 
demonstrates that the perception of waste is connected with the further socio-technical system 
surrounding waste. In this thesis, this understanding is brought to piles of waste, i.e., landfills, and 
that the perception of landfills influences the entire socio-technical system of landfills. 
 
In sum, landfills will be analyzed as embedded in a broader, but inert, system including aspects such 
as market, culture, technology, science, and policies. The idea is not only to analyze the societal 
environment surrounding the landfill, but also to dive into the substantive content of the landfill, 
mainly in the form of various metals. So metals accumulated and deposited in the technosphere by 
geological forces (in this case humans) are in focus rather than material in general. Furthermore, 
these metals will primarily be analyzed in terms of geological aspects such as the grade. Hence, a 
more appropriate description of the system in focus could possibly be a socio-geological system. In such 
a system, the interaction between humans and geology is in focus, i.e., how humans and our societal 
functions interact with the emergence and transformation of minerals such as metals.  
  

7 Certainly, it could be argued that socio-technically oriented researchers are considering materiality, since technology is 
material. However, from such a perspective one could claim that studying humans and even psychology is also a 
material study, since humans and the mind are made of matter; I am, therefore I think. In this thesis, materiality should 
be understood in a strict way, as substances and their properties.  
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4. RESEARCH DESIGN AND METHOD 
In this chapter, the research “journey” is presented by describing the development of this thesis, and a contextual 
representation of each paper. The motivations for the methodological approach and the choice of specific methods are also 
provided.  
  
The overall problem of this thesis, why don’t we mine the landfills, could just as well be formulated as a 
normative idea or suggestion: we should mine the landfills, so why don’t we? For why else pose this 
question, if the extraction of landfills was not a preconceived opinion. A more objective research 
question would be “should we mine the landfills?” Hence, a direction is embedded in the purpose, 
assuming it could be otherwise. The normative perspective, that we should mine the landfills, is the 
result of the three research projects on which this thesis is based: “Urban mining: laying the 
foundation for a new line of business,” “Integrated remediation and recovery of landfills” and 
"Landfill mining for integrated remediation and resource recovery: economic and environmental 
potentials in Sweden.” The three research projects approach the built environment as a mine and 
examine the implications of realizing mining operations in such environments. The first project 
based on urban mining is funded by The Swedish Innovation Agency (VINNOVA). However, this 
project played only a minor role in the thesis, and connects only to the first paper, while the second 
and third projects based on landfill mining, funded by Tekniska Verken AB in Linköping and the 
Swedish Research Council Formas, respectively, permeates the entire licentiate process. 

4.1. THE RESEARCH PROCESS 
The research methodology to address the problem why landfills are not mines is explorative in nature, 
since such an approach according to Babbie (2007) is suitable when the problem, in this case 
considering the lack of previous research, is in a preliminary stage and previously unexplored. 
However, the research is not completely open and explorative, which should be the case in 
exploratory research (Schutt, 2007), since it is delimited towards the resource, technical, and 
institutional preconditions according to the purpose of the thesis and the Research Questions. 
However, these limitations have developed over time during the research process, which is 
presented below. To understand the explorative journey of the thesis, the findings of the previous 
paper have briefly been indicated to understand why the next step was taken. The result from one 
paper was used as input for the next. Thereby, the interdependency and links between the papers 
are visualized. 
 
My research at the Division of Environmental Technology and Management began in 2010. 
Initially, a lot of time was spent in reviewing different post-mining concepts such as urban mining 
and landfill mining, to gain familiarity with the concepts under investigation. The reason for 
examining these concepts was that they were used in many different contexts, which made the 
differences between these concepts and traditional mining as well as waste management unclear. 
Furthermore, there seemed to be several different metal stocks in the technosphere that potentially 
could be mined, but with different resource potentials and geological conditions. As the research 
developed, we decided to write a paper to “position” our research and introduce mining the 
technosphere as a potential research field. Paper I – “An integrated review of concepts and initiatives 
for mining the technosphere: towards a new taxonomy” – was therefore produced and functions as 
a background to the other articles in this thesis.  
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Paper I indicated that metal extraction from landfills and other metal stocks in the technosphere is 
not common practice. To understand why landfills were not mined, we wanted to identify practical 
obstacles to landfill mining operations. Therefore, it seemed reasonable to map various cases in 
Sweden with the intention of mining landfills. Although the idea of the study was to map practical 
impediments, it became obvious during the study that many of the obstacles were outside the 
landfill and beyond the control of landfill owners. Therefore, the study was extended to include 
wider aspects such as polices, institutions, science, cultures, and markets surrounding landfills and 
the deposited waste. This study resulted in Paper II – “Transforming dumps into gold mines. 
Experiences from Swedish case studies.”  
 
When Paper II was finalized the cases were left since the study indicated other more interesting 
trajectories. Paper II showed, for example, that policies tended to negatively affect the possibilities 
of extracting metals from the built environment. Furthermore, when obstacles for landfill mining 
were searched in policies, exemptions and other advantageous conditions targeting primary metal 
production, i.e., traditional mining, were found. For this reason, the idea emerged to compare 
conditions for primary metal production and secondary metal production. In addition, the way the 
state organized the support to the primary mining sector was assumed to potentially inform how 
the support to the secondary mining sector could be formulated. However, governmental policy is 
a broad term and can include instruments as well as targets. So to make the concept graspable and 
a comparison possible, policies were considered in the form of subsidies, i.e., direct or indirect 
economic support to a specific sector, since this type of support is well studied and has a developed 
methodology. Paper III – “Subsidies to Swedish metal production: a comparison of the 
institutional conditions for metal recycling and metal mining” – thus contrasted subsidies to 
secondary and primary production of metals. 

4.2. THE QUALITATIVE APPROACH  
A qualitative approach was chosen since it allowed a phenomenon, in this case landfills in the form of 
mines, to be interpreted and made sense of (Denzin and Lincoln, 2005). Qualitative methods may, as 
Padgett (2004) puts it, “go where quantitative methods cannot.” For example, a quantitative 
method, such as MFA, can answer the question how much metal may be found in landfills (e.g. 
Krook and Svensson, submitted) and perhaps by a complex equation, based on metal concentration 
and other variables, predict when landfills should be profitable to extract. However, a quantitative 
method is less suitable to answer exploratory question such as why landfills are not mined. 
Admittedly, the empirical data were sometimes quantitative, such as information on metal 
concentrations or level of subsidies. But the data in general have been qualitative and collected 
through interviews, literature studies, and documentation analysis, as seen in Table 1. However, the 
methods differ between the appended papers, for example the cases examined in Paper II are not 
targeted in the other papers. Therefore, the methods are presented separately for each paper. 
 
Table 1. Methods used and time of collection. 

Study Method Time of data collection  
Paper 1 
 

Literature review Summer 2010 to spring 2011 

Paper 2 Case study 
Interviews 
Document analysis 
 

Summer 2010 to summer 2012 

Paper 3 Interviews 
Document analysis 

Autumn 2012 to summer 2013 
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PAPER I – LITERATURE REVIEW 
The review of Paper I was based on snowball sampling (Biernacki and Waldorf, 1981). By using 
articles important to the field (highly referred) such as Krook et al. (2012), UNEP (2010), Kapur 
and Graedel (2006) and Gordon et al. (2006), additional articles and literature were searched in the 
references. Only literature embracing the emergence, conceptualization or extraction of metal 
stocks in the built environment was included in the review. The disadvantage of such an 
unstructured review, based on non-probability sampling, is that replication becomes difficult. 
However, all articles included in the review may be found in the reference section of Paper I. 
Hence, the validity of the empirical data is easy to examine, although the shortfall, excluded 
literature, remains hidden. A further disadvantage of using older articles as a starting point for 
rolling the snowball is that newer articles may be difficult to find. One way to get around this was to 
include articles referencing the key articles. 
 
The literature was analyzed by highlighting the potential of six different metal stocks in the 
technosphere as resource reservoirs, taking their size, concentration, and spatial location in the 
technosphere into account. The objective of mining these stocks and the level of realization was 
also analyzed. These metal stocks were then put in relation to the reported post-mining concepts to 
analyze the advantages and disadvantages of the concepts. Finally, the state of the art research on 
mining these stocks was analyzed in order to identify research gaps.  
 
PAPER II – CASES, INTERVIEWS, AND DOCUMENT STUDIES 
In Paper II, as many cases as possible were identified through snowball sampling and contact with 
authorities, experts, and researchers. Cases were searched until the same cases kept recurring. Five 
cases were chosen: Ringstorp, Stentippen, Malmö, Strängnäs, and Landskrona. Detailed 
descriptions of each case can be found in the appended Paper II. Paper II was thus influenced by a 
“multiple case study” (Stake, 2013) approach. The advantage of asking people with good insight 
was that cases could be identified, which otherwise for example based on probability sampling 
would be difficult to find. Certainly, there could be cases outside the scope of the experts, for 
example located in northern Sweden and thus missed. Analyzing cases, however, is not really a 
method in itself, as information about the cases can be collected in many different ways, which will 
be described below.  
 
The cases above were scrutinized by interviewing the manager of each case, since they were 
assumed to have the broadest overall knowledge of the cases. Interviews were chosen as this allows 
deeper understanding of the cases, since supplementary questions can be asked and clarifications 
can be made. For example, interviews could fill in aspects not included in the project evaluation and 
other documents. The interviews were made at the respondent’s work place. An interview guide, 
based on various themes, which can be seen in Paper II, semi-structured the interview with 
additional sub-questions. Both open-ended and closed-ended questions were asked. Some of the 
cases were conducted 20 years ago. Therefore, to rekindle the memory, the interview guide was sent 
in advance to the respondents. All interviews were transcribed, since the focus was not on how 
respondents expressed themselves but the content of what they said, and then analyzed according 
to the predetermined themes. The transcriptions were not sent back to the respondents. In cases 
where minor clarifications were needed, the interviews were followed up by telephone interviews. 
 
For Paper II, project reports, permits, decisions, and consultant reports documenting the cases 
were analyzed based on the themes outlined in the attached Paper II. The advantage of documents 
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is that they were written in close connection to the cases, while the interviews in some cases were 
conducted 20 years after the case closure. Therefore, in the few cases when respondents and 
documents contradicted each other, the information from the documents was prioritized. Another 
advantage of document studies is that this type of source is not influenced by the researcher's 
presence in the same way as in an interview situation (Merriam, 1994). However, a disadvantage of 
this may be that the researcher misunderstands the documentation, since follow-up questions and 
clarifications cannot be extracted from the text. Furthermore, the text should not be seen as facts, 
but as information formulated in a specific context and for a specific purpose (May, 2001), just like 
in the interviews but influenced by other factors than for example the purpose of the interviewer.  
 
The collected data was analyzed by using the framework suggested by Gille (2010) for studying 
waste regimes, relating the socio-technical conditions of the cases to the materiality of deposited 
waste, and the multilevel perspective (Rip and Kemp et al., 1998, Geels and Schot, 2007) and its 
understanding of system inertia, emphasizing individual and collaborative processes.  
 
PAPER III – INTERVIEWS AND DOCUMENT STUDIES  
In line with methodological frameworks for subsidy analysis (e.g. Steenblik, 2002; OECD, 2010; 
Jones and Steenblik, 2010), four different types of subsidies were in Paper III identified, contrasted, 
and estimated for the metal mining and metal recycling sector: (i) direct transfers of funds; (ii) 
revenue forgone; (iii) indirect transfers of funds and services; and (iv) resource rent.  
  
The subsidies were identified through interviewing representatives from the Swedish sector 
associations of secondary and primary metal production, i.e., Återvinningsindustrierna and Svemin 
respectively. They were asked if any of the above four categories of subsidies exist and if so their 
scope. Since a symmetrical comparison was in focus, the interviews were completely structured 
with closed-ended questions in a questionnaire. Hence, both parties were asked exactly the same 
questions, which are further shown in the appended Paper III. A survey was less suitable as these 
can easily be overlooked as opposed to an interview. The interviews were conducted over the 
phone, which, however, failed to establish the necessary confidence to approach a sensitive 
question such as a sector's subsidy level. The result was that respondents gave scant responses, 
seemed defensive, and only had time for a limited interview. The questionnaire was sent out before 
the interviews. The formulation of the questions could also have influenced the respondents' 
reluctance to be interviewed. 
 
Following this failure, which perhaps should have been anticipated, the subsidies to the recycling 
and mining sectors were instead traced by telephone interviews with various governmental 
agencies. The authorities proved to be open and answered all questions, maybe because the 
authority had nothing to lose in the uncovering of a sector’s subsidy level. This may, however, 
sound odd, since the subsidies are set by the state, which is thus responsible for the level of 
subsidies rather than the industry, although the parliament, which makes the laws, is a different 
governmental body than the agencies. Initially, therefore I assumed, wrongly, that the sector 
association should be the primary target for interviews. Another reason for the transparency of the 
agencies may have been the principle of public access (SCS, 1949:105). In addition, when 
interviewing officials, the relationship between the respondent and the interviewer may be 
reversed, since the interviewer may have a disadvantage as officials are experts in the field and used 
to the interview situation. 
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In line with the changed respondents, the questionnaire was divided according to the expertise of 
different governmental agencies and the corresponding type of subsidy. For example, Statistics 
Sweden (SCB) was contacted in order to identify direct transfers, since they are responsible for 
gathering information for the national accounts. The Swedish IRS (Skatteverket) was contacted to 
identify tax anomalies, while concessional loans have been mapped by contacting governmental 
investment companies such as Inland Innovation and governmental lenders such as Almi. Services 
and explicit transfers have been traced through Geological Survey of Sweden (SGU) and the Swedish 
EPA (Naturvårdsverket). None of the interviews was recorded, in order to possibly increase the 
trust between the interviewer and the respondent. Instead careful notes were made during the 
interviews, which might, however, have influenced the flow of the interviews negatively. 
 
Paper III on subsidies also included information from policy documents. However, in this case the 
documents did not primarily overlap the interviews as in Paper II. Instead, the interviews were 
made to identify the subsidy, while the details and magnitude of the subsidy were searched in 
documents. For example, direct transfers were found in the national accounts and tax reductions in 
the Governmental communication on tax expenditures, while indirect support was found in the 
annual reports by the SGU and Swedish EPA. These sources were examined after references from 
respondents. The reason for extracting the magnitude of the subsidy from official documents 
rather than by phone is that official documents undergo review before publication and thus contain 
more reliable information. Looking for information in documents also saves time according to 
Bryman (2002), since the information has already been collected and compiled. The downside to 
gathering information compiled by someone else is nevertheless that control and knowledge of 
data is to some extent lost (May, 2001). 
 
Data was analyzed by contrasting subsidies between the metal recycling sector and the metal mining 
sector in order to indicate the governmental commitment towards the sectors. The subsidy level of 
each sector was then related to the size, added value, and export value of the sectors. Finally, the 
Swedish metal subsidies were compared to subsidies to other domestic sectors as well as other 
mining countries' subsidies.  

4.3. COMBINATION OF METHODS 
The answer to the question of why landfills are not mined derives from a combination of theories, 
cases, methods, and sources. Different types of triangulation enhance the viability of the research 
(Denzin, 1978). For example, in Paper II studying the same phenomenon in different cases 
enhances the trustworthiness of the result compared to a single case study. The trustworthiness is 
also enhanced in Paper II as information about each case is collected and compared through two 
different methods: interviews and document studies. Also in Paper III the same questions were 
posed to two different sources: sector associations and governmental agencies. These interviews 
were in addition complemented with official documents as to enhance the credibility. 

4.4. GENERALIZATION  
A common problem with social science, explorative research, and this thesis in particular is that it 
may be difficult to generalize from the result. Even if several different cases of landfill mining and 
types of subsidies are studied, it is explicitly in a Swedish context. Reasonably, institutional 
conditions may differ between countries, and landfill mining may face different obstacles in other 
countries. But since the methodological approach is primarily exploratory, the aim according to 
Stebbins (2001) is not to generalize but rather to provide insights into a problem, in this case why 
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don’t we mine the landfills. Nonetheless, even if this study does not produce representative data, there 
are probably aspects valid in other countries and in the wider region. The question of 
generalizability will be discussed in chapter 7. Furthermore, the value of extrapolated research has 
been questioned, for example by Lincoln and Guba (1985), who see difficulties in applying 
generalized results to particular cases. 
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5. ARTICLE SUMMARY  
This section shows the results of the methods mentioned above by presenting the papers of this thesis.  
 
All three appended articles in this thesis contribute to answering the main question: Why don’t we 
mine the landfills? The research questions follow the articles to some extent, since Paper I has more to 
say relative to the other papers about the resource potential of landfill mining from a technical 
perspective, while Paper II and Paper III (relative to Paper I) have more to say about the 
institutional conditions, as seen in Table 2. Although the basis of the answer to the research 
questions is derived from the parallel paper, all papers bring value insights to all research questions. 
However, Paper III does not explicitly focus on landfill mining, but on the other hand may bring 
many valuable lessons about the institutional conditions of extracting metals from other stocks.  
 
Table 2. The main contribution of each article to the Research Questions (RQ).  

 RQ 1 RQ 2 
Paper I 
 

X  

Paper II 
 

 X 

Paper III  X 

The aims, methods, empirical data, and theoretical contribution of each of the papers are 
summarized below. Paper I, “An integrated review of concepts and initiatives for mining the 
technosphere: towards a new taxonomy” is presented first, then Paper II, “Transforming dumps 
into gold mines. Experiences from Swedish case studies,” and finally Paper III, “Subsidies to 
Swedish metal production: a comparison of the institutional conditions for metal recycling and 
metal mining.”  
 
5.1. PAPER I – MINING THE TECHNOSPHERE  
The aim of this article is to review the emerging research field of mining the human built 
environment, the technosphere. Through a literature review of metal stocks in the technosphere, 
the article begins by examining and contrasting the size, concentration, localization, and dispersal 
of these stocks. Various concepts as well as initiatives to excavate and extract metals from these 
stocks are then described.  
 
The literature review shows that the largest stock of secondary metals is the current in-use stock, 
estimated to comprise at least 50%, followed by landfills and tailing ponds each containing 
approximately 10-20%, and slag heaps, hibernating and dissipated metals encompassing about 
1-5% of the metals in the technosphere. The highest concentration is found in refined products 
in-use or in hibernation. For example, mobile phones may contain 5-15% copper by weight and 
power cables reaching above 30%. General copper concentration close to a typical mine (0.4%) is 
found in landfills (0.3%), slag heaps (0.35%) and tailing ponds (0.4 %). Metals that have literally 
dissipated back into the environment have typically low concentrations in water, air, and soil. In-use 
metals and hibernating metals are mainly found in urban areas. Slag heaps, dissipated metals, and 
tailing ponds are often located in the wilderness, while landfills are usually in the urban fringe. 
Furthermore, metals in-use, hibernating and dissipated are highly dispersed, while metals in 
landfills, tailings, and slag heaps are clustered in fewer places.  
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Another result of the article was that besides extracting in-use metals as they successively turn into 
waste, tailing ponds are the only technospheric stock occasionally extracted. For example in 1994, 
250 Gg copper, corresponding to 2% of the global production of copper, was derived from 
reprocessed tailings. Other mining initiatives are generally scattered and often driven by 
environmental factors such as leachate, in which metal recovery is viewed as an additional source of 
revenue.  
 
The major theoretical contribution of this paper was to delineate this field from other fields of 
research and knowledge, and obscures the special challenges and focused research needed to 
facilitate technospheric mining. For instance, it could be questioned whether the current use of 
urban mining in relation to metal recovery from e-waste flows involves something significantly new 
or is just a more up-to-date term for research dealing with the traditional challenges of improved 
waste collection and recycling. Therefore, a new definition and taxonomy developed to study 
metals in the built environment is proposed. 
 
5.2. PAPER II – TRANSFORMING DUMPS INTO GOLD MINES  
The aim was, humbly, the alchemist’s dream; the Magnum Opus, to understand how valueless 
material in dumps could be transformed into gold (literally and figuratively) and other valuable 
commodities. The paper analyses how dumps can be transformed into gold mines. This is done by 
collecting data from five different cases of landfill mining by interviewing actors responsible for the 
operations and analyzing documents such as project proposals and project evaluations. The 
empirical data was then analyzed through a multi-level perspective to understand how landfills can 
be transformed into mines.  
  
The main result of the paper was that all cases based on remediation, i.e., simply moving the waste 
to a more appropriate location, or final capping of landfills were successfully implemented. For 
example in Malmö, the landfill was remediated and the Øresund Bridge has been stable since then. 
On the other hand, the cases which aimed to recycle, reuse, and recover the masses from the landfill 
were never completed, although such operations are difficult to separate from remediation 
operations8. In Strängnäs, only pilot studies were conducted, since the politicians did not want to 
finance large-scale resource recovery projects. There were multiple reasons for this failure. For 
example, sufficient technology was lacking, as landfill technology and sampling equipment are 
designed to deposit waste and control pollution levels, rather than prospect for metals. The process 
for remediation is clearly defined in current law, while recovery of resources from landfills is not 
mentioned and therefore legally uncertain. It also proved easier to determine a market for the 
excavated waste if the masses were interpreted as a pollution problem, as the Swedish EPA (2009) 
guidelines for contaminated soil give clear guidance on how waste can be used in regards to 
pollution levels. Finally, 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.  
 
The theoretical contribution of this paper is the notion of the “dump regime”; landfills are stuck in 
being perceived as a dump, a material end station, a problem, useless, literally nothing, and if they 
have any value it is primarily negative. This regime is made up of a variety of aspects such as 

8 The difference is primarily found in how the excavated waste is managed. However, the excavation process with all 
associated risks is in many ways similar for both approaches.  
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technology, markets, terminology, culture, laws, science, and policies that emerged and developed 
over time in tandem with the landfills being ideologically rooted as dumps. For example, the 
regulatory body surrounding landfills is based on the classification of landfills by their 
hazardousness and leaching potential. Landfills are also strictly regulated through requirements on 
odor, noise, and various emission levels as well as different barriers such as bottom sealing. The 
same can be said about the operating practices at a landfill where wheel loaders bring and hide the 
incoming waste in appropriate cells and then cover the waste with soil in order to reduce the risk of 
odor, fire, insects, and rodents. However, the landfill should preferably be closed, covered, hidden, 
and monitored over time. The landfill tax is another example, 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 as well as environmental and health risks 
associated with landfills.  
 
A simple redefinition of the landfill and its materiality into a “gold mine regime” 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. Hence, the 
resource recovery cases are a mismatch and thus an unconventional method, challenging the 
current socio-technical system surrounding the landfill and therefore doomed, while the 
remediation cases are a small modification of an incremental nature in line with the current 
socio-technical system surrounding landfills and thus successful. For landfills to transform into 
“gold mines,” the “dump regime” needs to become insufficient and unstable, while creative 
entrepreneurs, advocacy coalitions, partnerships, and further pilot studies push for the 
transformation.  
 
5.3. PAPER III – THE INSTITUTIONAL CONDITIONS OF PRIMARY AND 
SECONDARY METAL PRODUCTION  
The paper analyses the institutional conditions of primary and secondary metal production in 
Sweden, by identifying, quantifying, and contrasting the governmental subsidies to the metal 
recycling sector and the metal mining sector. The purpose of the paper is to indicate and uncover 
the level of governmental commitment towards these sectors as well as facilitate further policy 
discussion.  
 
The result of the paper shows that the access to metals for both the metal mining and recycling 
sectors is ensured by state intervention through legislation. For example, the mining sector does 
not need to buy land or ask for permission from the landowner to access the minerals. Instead 
permission for prospecting in Sweden is given by the Mining Inspectorate, while a mining 
permission needs to be reviewed in court, which, however, usually grants permission since mining 
activity is a stated national interest. Metals from the annual waste flow are made accessible as 
citizens by law are obligated to sort and bring scrap metal to assigned containers. E-waste, metal 
cans, and other types of waste targeted for producer responsibility shall in general be left at 
recycling stations, while other metal wastes such as large metal scrap shall be left at municipal 
recycling centers. The metals in products are also made available for example by the Eco-design 
directive, which aims to limit the number of materials used and the time for dismantling products. 
 
But the similarities stop when the government has secured the access to metals. After that, the 
metal mining sector is subsidized in many ways, for example through research grants, infrastructure 
investments, exemptions and reductions from landfill tax, carbon tax, and energy tax as well as 
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services to prospectors, while the metal recycling sector is only subsidized through research grants. 
In 2010, the Swedish metal mining sector was subsidized with SEK 35,423 million almost entirely 
consisting of landfill tax exemption, while the Swedish metal recycling industry was subsidized by 
SEK 6 million, corresponding to approximately € 4,000 million and € 0.7 million, respectively. Per 
tonne of metal produced, the subsidies to the metal recycling sector were SEK 3 and to the metal 
mining sector SEK 1,381.  
 
That non-renewable alternatives generally receive more support than renewable alternatives has 
been mapped out before. In this case, the metal sector is in focus and it is shown that the 
governmental support to mining operations is not only important but decisive for the survival of 
the mining sector. In fact, the subsidies to the metal mining sector were almost twice as high as the 
added value of the same sector in 2010, while the subsidies to the metal recycling sector were 0.3% 
of the sector’s added value. Besides, the value added per produced tonne of metal was almost twice 
as high for the metal recycling sector as for the metal mining sector. This means that per tonne of 
metal, secondary production adds more value and national growth than primary production. 
Finally, the current trend in the Swedish mineral strategy is nevertheless to increase the level of 
subsidization to the metal mining sector although additional stocks of secondary metals are 
available for recycling. This support is one of many factors that contribute to keep the price of 
metals as a commodity down, which could make metal extraction from other stocks indirectly 
unfeasible.  
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6. THE RESOURCE POTENTIAL OF LANDFILLS 
This chapter answers and discusses the first Resource Question. However, before the answer to the question is presented, 
the resource potential of the whole technosphere is contrasted to the resource potential of the Earth’s crust to introduce 
the reader to the potential of post-mining and contextualize the resource potential of landfills.  
 
The stocks of base metals in the technosphere are significant from a resource perspective. For 
example, the magnitude of secondary copper and lead in the technosphere is comparable to the 
geological known reserves, as seen in Table 3. However, there is still more aluminum and iron in the 
geological reserves than in the technosphere, while for zinc more is actually located in the 
technosphere then in known geological reserves. These results are based on UNEP’s (2010) 
estimations of metals in-use, which are extrapolated to the whole technosphere by using 
information from Paper I, and finally compared to USGS (2010) estimations of the geological 
resources9 and reserves10. Although these estimates are uncertain for many reasons, for example 
incoherent sources and margins of error, they nevertheless invite many interesting observations 
and comparisons.  
 
Table 3. An overview of the global per capita base metals in landfills, in-use, and in all technospheric stocks summed 
up as well as the geological resources and reserves. All numbers are presented in kilograms.  

 
Metal 

Per capita 
resources in 
landfills1 

Per capita 
resources in-use2 

Per capita 
resources in the 
technosphere3  

Per capita in 
geological  
resources4  

Per capita in 
geological reserves4 

Aluminum 24  80  160  >2,0005  1,0005 
 

Copper 13  45  90  >460  83  
 

Iron 660 2,200  4,400  >35,000  12,000  
 

Lead 2 8  16  >230  12  
 

Zinc 15 50  100  >290  31  
 

1 The amount of metals in landfills, excluding tailing ponds and slag heaps, is calculated by multiplying the amounts in the technosphere by 
0.15. According to Paper I approximately 10-20% of all metals in the technosphere are found in landfills. 
2 Reference from UNDP 2010. The years of the determinations vary, but are primarily from the period 2000 – 2006. 
3 The amount of metals in the technosphere, including other stocks such as in-use and landfills, are calculated by doubling the amount 
in-use. According to Paper I approximately 50% of all metals in the technosphere are in-use.  
4 Reference from USGS 2010. Estimates have been divided by 6.5 billion capita.  
5 Aluminum is calculated by dividing the resource/reserves of Bauxite by 4. 

 
Comparing the total amount of metals in the technosphere with only those metals estimated to be 
directly profitable to extract from the Earth’s crust, i.e., the reserve, is, however, an asymmetrical 
comparison, but nevertheless common in Material Flow Analysis (Lichtensteiger, 2002; Elshkaki et 
al., 2004; Spatari et al., 2005; Gordon et al. 2006; Müller et al., 2006; Halada et al., 2009; Barles, 
2010). If instead all metals in the technosphere are compared with all metals potentially extractable, 
i.e., resources, in the Earth’s crust, there are many times more metals in the lithosphere, as seen in 

9 Resources should here be understood as metals with concentration that are currently or potentially feasible (USGS, 
2010). 
10 Reserves should here be understood as metals that are profitable, legally, technically and in line with other conditions 
to be extracted (USGS, 2010).  
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Table 3. However, even such a comparison is not quite fair since there are metals in the 
technosphere which are not even potentially extractable, i.e., resources, such as metal leaching from 
landfills or zinc emissions from brake linings (Craig, 2001; Reijnders, 2003). Hence, the geological 
shift; when more metals are situated above ground than left in the Earth's crust, has not yet 
occurred. Furthermore, it is difficult to define how much of the metal in the technosphere is 
economically available, i.e., a reserve11. For example, metals in-use are not currently available but 
nevertheless partly potential with current technology, regulation, and metal prices (UNEP, 2011). 
Parts of the metals in-use will at the same time end up in places other than for recycling, for 
example in landfills; the main end station in the material flow.  
 
Although the geological shift or if it should be termed “turn” has not yet occurred, the resource 
potential in the technosphere is nevertheless significant, although the mining potential is not clear. 
For example, more than 28 billion tonnes of iron, 1 billion tonnes of aluminum, 600 million tonnes 
of zinc and 500 million tonnes copper have accumulated in the technosphere, as noted in Table 3, 
as a consequence of human activity. Furthermore, these stocks above Earth are increasing at the 
expense of depleting stocks in the lithosphere. Hence, the geological shift is an ongoing process 
that eventually will occur as long as humans continue to extract metals faster than what is generated 
by geological processes (cf. Bergbäck et al., 1992; Brunner and Rechberger, 2004). Indeed, 
according to several predictions (e.g. Kapur, 2006; Backman, 2008; Halada et al., 2009; NEAA, 
2010), the demand for metals will increase. Therefore, the system for mineral extraction might 
already now start to adapt to the approaching shift to facilitate for future generations.  
 
Metals in the technosphere are also in general localized closer to the market as they accumulate with 
consumption (van Beers and Graedel, 2007; Rauch, 2009), while metals in the lithosphere are 
typically situated in the countryside deep down in the crust. In addition, in contrast to metals below 
ground, metals in the built environment are replenishable and more evenly dispersed, since all 
countries or even municipalities have their share of almost all metals in the periodic table12 (UNEP, 
2010). Hence, relying on metals in the built environment will increase the resource autonomy as the 
risk for specific metals to deplete or become inaccessible for other reasons is reduced. Compared to 
primary production, recycling of metals is generally less energy intensive and thus also cheaper 
(Ayers, 1997; Allwood et al., 2012) and generates a higher added value per tonne of metal produced 
as shown in Paper III. Furthermore, recovery of metals from Swedish landfills has also implied 
lower environmental impact (Frändegård et al., 2013). At the same time, the current use of metals is 
in many ways uncontrolled and ineffective, therefore accumulated metals often become a pollution 
or health problem. Extracting metal stocks in the technosphere can thus mitigate future health and 
ecological concerns. However, there are several socio-geological obstacles for mining the 
technosphere such as landfills.  

6.1 THE GEOLOGICAL AND TECHNICAL CONDITIONS OF LANDFILL 
MINING  
The reason why landfills are not extracted could simply be that other metal stocks are more 
accessible. According to the logic of the market, the most accessible reserves will be mined first. 
Hence, a sufficient starting point for assessing why landfills are not mined is according to Research 

11 Focusing on the reserve base could furthermore easily be a misleading indicator of resource availability since 
technology and demand may shift the magnitude of the mineral reserve (Tilton and Lagos, 2007). 
12 Although the consumption per capita is highest in developed countries, large stocks of secondary metals are located 
in developing countries due to high population density (UNEP, 2010). 
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Question 1 to compare the resource potential of landfills with other metal stocks, in terms of 
variables such as size, concentration, homogeneity, and dispersion, as seen in Figure 2. By 
investigating the resource advantages of metal stocks currently mined, it may be possible to identify 
the shortcomings of metals in landfills, and thus indicate why landfills are not mined.  
 

 
Figure 2 . An overview of geological variables influencing the potential of mining landfills and other metal stocks 
(based on Paper I).  
 
The literature review in Paper I showed that the largest stock of metals by far is the current in-use 
stock, estimated to comprise at least 50% of the total amount of copper and iron in the 
technosphere. This together with the high concentration of refined products may explain why 
recovering in-use metals as they successively turn into waste is common practice. Following in-use, 
the largest quantities of metals in the technosphere, approximately 10-20% according to the review, 
is found in both tailing ponds and landfills. Tailing ponds (Gordon, 2002) and landfills (Frändegård 
et al., 2013) furthermore generally contain similar concentrations of metals, yet it is primarily tailing 
ponds that are subject to extraction as demonstrated in Paper I. 
 
One main reason may be that single tailing ponds contain more waste and metals than landfills. For 
example, on average a Swedish metal mine deposits annually about half the amount of waste 
compared to the total quantity of Sweden's largest landfill13. Thus, the metals in the tailing ponds 
are less dispersed and clustered in fewer and larger piles compared to landfills, which allows for the 
economy of scale and decreasing cost per unit of production. These are features which have always 
been crucial for cost-efficient metal extraction (Wrigley, 1962; Ayres, 1997). Another technical, in 
many ways decisive reason may be that tailing ponds are homogeneous, similar to the geological 
anomalies of a mine, generated from a single actor and a limited area of the Earth's crust, while 
landfills are often heterogeneous. In a landfill, more or less everything once in use has been dumped 
and packed together in a limited area as in many of the landfill cases described in Paper II. In fact, 

13 The 14 metal mines in Sweden (SGU, 2012a) generated 89 million tonnes of metal mining waste in 2010 (SEPA, 
2012), while the biggest Swedish landfill located in Helsingborg, Filbona, contains around 12 million tonnes of waste 
(Lindsjö, personal communication, 2013).  
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it not only contains more or less all types of metals once in-use, but also many different compounds 
and alloys between individual substances.  
 
But the explanation does not lie in the heterogeneity or the dispersal alone. For example, products 
in-use such as a cell phone, car or circuit board virtually contain the whole periodic table, in 
different compounds and alloys, and are thus also heterogeneous. Furthermore, the space in which 
in-use metals are assembled, for example a household or a neighborhood, generally contains a 
smaller amount of metals then a landfill per cubic meter, since products in-use are commonly not 
compressed, which means that the metals in-use are more dispersed then in a landfill. In addition, 
refined products with high concentrations such as e-waste or railroad tracks may also be located in 
a landfill. This makes the notion of concentrations ambiguous, as it depends on the system 
boundaries, as demonstrated in Paper I. Similar to a landfill, metal in-use may be situated next to 
other materials such as plastics, pesticides or other types of hazardous materials, for example in a 
household. Hence, if the natural environment of in-use metals such as a household is considered 
the concentration of metals in use may even be lower than a landfill. But while in a landfill just 
about anything can be found, from metals to sludge, the units containing in-use metals are 
commonly not quite as heterogeneous, even if a household has a wide variety of materials under its 
roof. 
 
The material conditions for extracting metals from a landfill thus differs little between a unit of 
in-use metals such as a household and a unit of deposited metals such as a landfill. One difference 
between metal stocks currently mined and landfills, however, is that the flow into processing is 
typically predictable and more or less known. Tailings are not only homogeneous but have a 
composition similar to the ore, thus the content of tailings is generally well known. Furthermore, 
similar technology already in ownership to process the ore can be used by a mining company to 
reprocess the old tailings. In addition, the milling plant is generally in proximity to the tailing ponds 
and further shipments of the tailings are thus commonly not necessary. The annual waste flow is 
also fairly predictable, as it is regulated by law as seen in Paper III to be separated at the source. For 
example, through the producer responsibility cars are sent to car dismantlers, who commonly have 
processes adapted to this particular type of waste. The same could also be said for other types of 
waste, for example e-waste or hazardous waste which shall be separated at source. Hence, few 
metal recycling agents handle unknown and unsorted waste.  
 
On the other hand, in a landfill, metals are heterogeneously situated in a black box. Hence, as 
demonstrated in Paper II one backhoe may bring e-waste, railroads or a car, while the next may 
bring sewage sludge or hazardous materials such as asbestos. Under such uncertain and varying 
conditions a constant and optimized process for resource extraction becomes difficult and not least 
expensive to develop. The problem is that methods to uncover the interior with sufficient detail for 
example to identify ores of particular valuable materials are lacking as shown in Paper II. For 
example, sampling does not provide a complete picture of the metal content in a landfill since 
speciation methods exclude solid metals remaining in everything from car doors to cutlery. Test 
pits are generally only valid for that specific space since there are rarely linear patterns in a landfill as 
a result of random deposition. Even if all waste flows into the landfill have been logged and 
documented, which is unusual in Sweden and not done in any of the cases in Paper II, there is 
always a risk that waste has been dumped uncontrolled after closure. In addition to a “black” 
inflow, there could also have been a “black” outflow of metals, for example conducted informally 
by waste employees or waste pickers (Reno, 2009; Johansson, manuscript).  
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Furthermore, even if all deposited waste has been carefully documented, the composition of the 
landfill usually changes over time due to decomposing and various chemical processes which are 
largely unknown (Hird, 2013). Hence, new constellations will be formed over time that are difficult 
to fully predict by simply looking at the original waste. The chemical reactions may also influence 
the quality of the waste such as oxidation of iron. The lack of sufficient landfill mining prospecting 
tools and thus the inherent uncertainty about the quality and composition of deposited materials 
makes it difficult to estimate the resource potential of single landfills and not least develop suitable 
and efficient processes for resource extraction. As long as the content of the landfill is 
unpredictable, there is probably no commercial operator who is ready to start a large-scale mining 
project, because the outcome is more or less unknown.  
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7. THE INSTITUTIONAL CONDITIONS OF LANDFILL MINING 
This chapter answers and discusses the second Research Question. The chapter closes with a discussion about the 
generalizability of the findings.  
 
There are, however, landfills with iterative waste, for example from a shredder. The content of 
these landfills are thus homogenous and predictable; a sufficient basis for setting up a constant 
process. The concentration of metals in such landfills could furthermore be higher than mines 
currently mined (Alm et al., 2006). These landfills are not extracted either. The explanation can 
furthermore not be found primarily in geological or technical factors, but must be sought in the 
institutional conditions for landfill mining and the socio-technical system surrounding landfills 
according to Research Question 2. 
 
Although there is a huge amount of metals and high concentrations in some landfills, this does not 
mean per se that waste becomes a resource and the landfill a mine. After all, the perception of 
landfills is not only based on objective observation: isolated to impressions of the visual and 
material in the form of a waste pile. Embedded in the notion of the landfill, a sphere is present, not 
directly visible looking at the landfill, but which nevertheless affects the landfill. This sphere, as 
demonstrated in Paper II and described in detail in Section 6.2 of this thesis, is made up of 
technology, markets, terminology, culture, laws, science, and policies. All these aspects are 
“absently present” (Callon and Law, 2004) in the landfill, in that they are not present at the landfill, 
but nevertheless influence not only the perception of the landfill but as demonstrated in Paper II 
also the possibilities to mine the landfill. 
 
These aspects, which combined could be termed a socio-technical system, are ideologically rooted 
in the perception of landfills as garbage dumps. As stated in Paper II, researchers, officials, 
legislators, and policymakers have long manifested the idea of landfills as the end station for 
worthless rubbish, and if landfills have any value it is primarily negative. For example, the most 
referenced articles on landfills are studies of the negative impact on the economy in terms of 
reduced real estate prices (Nelson et al., 1992), on the environment in terms of emission of heavy 
metals (Baun and Christensen, 2004) and climate gases (Bogner et al., 1995), and on health in terms 
of adverse birth outcomes (Elliott et al., 2001). Hence, the notion of landfills as dumps has become 
a paradigm14. Even this research project on landfills as mines, the basis of this thesis, was presented 
as an integrated remediation project, which probably facilitated the acceptance for funding. This 
idea of landfills as a problem has become so embedded in the society that it is generally not 
questioned. It has become more than a scientific paradigm: a societal regime, i.e., the dump regime, as 
it is termed in Paper II.  
 
This regime consists of a whole industry, partly interdependent, feeding on landfills as a garbage 
dump. For example, if the landfill regulatory body were to change, current landfill technology could 
become obsolete. If the scientific paradigm changes, regulation could be outdated and so on. At the 
same time, all actors and networks involved reinforce each other, although unintentionally, rather 

14 A paradigm should here be understood in the words of Kuhn (1962) as “universally recognized scientific 
achievements that, for a time, provide model problems and solutions for a community of researchers.” A paradigm 
provides rules for a field describing what is to be observed, the questions to be asked, and how the result should be 
interpreted. 
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than pulling apart the regime. For example, increasing protests against landfills pushes the 
parliament to formulate stricter landfill regulation, which demands more sampling and more 
efficient end of pipe technology to mitigate the pollutant emissions. The scientific body legitimates 
the whole phenomena by scientifically “proving” that landfills are indeed dumps. Hence, there is 
what Arthur (1989) would term “increasing returns to adoption,” although it may sound a bit 
conspiratorial, in the lock-in of the dump regime, which makes the system inert and complex to 
change. 
 
Considering the stability of the dump regime, it was not strange that the resource recovery cases of 
Paper II failed. For example, in one of the cases in Paper II, the managers applied for grants from 
the EU LIFE program 15 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. Even cultural attitudes 
became an obstacle 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, 
revived when the waste was exhumed. Certainly, technical solutions reduced these impacts, but 
never to a degree that avoids controversies. In fact, the cases in Paper II with most transparency 
and participation 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 exist16. 
  
The dump regime becomes particularly evident if the Swedish strategy for landfills or more 
precisely for the metals in the landfill is contrasted to the metals in the mine. For example, dumps 
or more formally landfills should preferably be closed, covered, hidden, and monitored over time. 
In Sweden, over 70% of all landfills open in 1994 have today been capped (ASWM, 2008). This is as 
mentioned in Paper II the result of partly decreasing waste flows in need of deposition due to 
landfill bans (SCS, 1999:673) and tax (SCS, 2001:512), partly due to stricter regulations and 
requirements for example on bottom sealing, odor, noise, and various emission levels (European 
Council, 1999; SWM, 2010). At the same time, it has become increasingly difficult to get permission 
from courts to open new dumps, as noted in Paper II.  
 
On the other hand, while an increasing number of landfills are closed, new mines are opened17, 
which is not surprising given the favorable mining investment climate in Sweden. The mining 
sector is supported in many ways as demonstrated in Paper III. Mines are by law (SCS, 1998:808) a 
national interest. Therefore, mining permission is usually granted by the court. Furthermore, the 
mining sector is targeted for infrastructure investments, exemptions from landfill tax, and 
reduction from carbon tax, energy tax, and sulfur tax as well as free services to prospectors. This 
governmental support is crucial for the feasibility of the Swedish mining industry. In 2010, the 

15 “LIFE is the EU’s financial instrument supporting environmental and nature conservation projects throughout the 
EU” (European Commission, 2011).  
16 Another example of how people have reacted to deposited waste is from the art exhibition Sculptura 97 in the 
Swedish town of Falkenberg. One of the artworks was a house filled with previously deposited waste exhibited at the 
city square. The artists wanted to demonstrate a “loop” in an otherwise linear management of products. However, the 
idea was disliked by the citizens. Angry letters were published in the local press and eventually the artwork was burned 
down by locals (Åkesson, 2008). 
17 In 2010, 6 mining concessions and 118 prospecting permits were granted by the Swedish mining inspectorate (SGU, 
2012b).  
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subsidies to the mining sector were estimated as shown in Paper III at SEK 35.5 billion, 
corresponding to approximately € 4 billion, which was almost twice as high as the value added by 
the same sector. None of the above subsidies are valid for the secondary production of metals, 
except for tailing mining with all its similarities to traditional mining. This support is one of many 
factors contributing to keep the prices of metal as a commodity down, which indirectly makes 
metal extraction from other stocks less feasible. Furthermore, Ayres (1997) has shown the effects 
of current tax policy, where low energy tax favors primary production (and probably also tailing 
mining) since such processes are energy intensive, while high taxes on labor is a disadvantage for 
secondary production since recycling, due in part to the inherent need for manual disassembly, is 
labor intensive. 
 
Given the huge amounts of waste generated by the mining sector every year18, the most dominant 
and most beneficial of all subsidies is the exemption from landfill tax, i.e., a tax of SEK 435 for 
every tonne deposited (SCS, 1999:673). The landfill tax is also relevant for the extraction of metals 
from landfills, since such resource extraction will likewise bring undesirable fractions that cannot 
be recovered profitably and therefore preferably re-deposited as shown in Paper II. But while the 
masses in need of deposition during traditional and tailing mining are deductible according to the 
Swedish Act on Waste Tax (SCS, 1999:673), landfill mining is not mentioned as an exception in the 
Act. This makes cost estimation of such operations uncertain. However, exempting the residues of 
landfill mining from the landfill tax could bring the same negative consequences as exempting 
mining waste. For example, there would be less incentive to develop technology and markets to 
manage these unrecyclable materials, if the unrecyclable resources simply could be landfilled, as 
shown in Paper III.  
 
However, re-depositing the residues after landfill mining, irrespective of the landfill tax, could be 
prohibited under Swedish law (2001:512) since waste such as tires, combustible and organic waste is 
not allowed to be deposited. The landfill tax and ban has been implemented by the Swedish 
Parliament to make other treatment methods, further up the waste hierarchy, profitable. These 
regulations have opened up a possibility for incinerators to charge significant gate fees for waste19. 
Hence, to send the residues from a landfill mining operation to incineration would also prove a 
costly strategy and rise if the combustibles are of poor quality, for example with high moisture 
content, as shown in Paper II. In fact, it is questionable if existing recycling companies and 
incinerators want or even have the capacity to accept supplementary materials from landfills (Fisher 
and Findlay, 1995; Krook et al., 2012). For example, the excess capacity of the Swedish waste 
incineration plants (PROFU, 2010) has not been filled by deposited combustibles often located at 
the same site, but instead from imported waste from other countries. The “free” supplementary 
fuels from their own landfills have not yet come to mind, as imported waste fuel may be targets of 
gate fees even higher than for domestic combustibles.  
 
State intervention is in many ways crucial for all forms of resource extraction, not only for 
traditional mining and waste incineration. For example, metal stocks below ground as well as in-use 
are made accessible for the mining sector and the recycling sector, respectively, as visualized in 
Paper III, through state intervention exempting the current ownership. For example, the mining 
sector does not need to buy land or ask for permission from the landowner to access the minerals. 

18 In 2010, 89 million tonnes of metal mining waste was generated (SEPA, 2012), corresponding to 75% of all waste 
generated in Sweden during 2010. 
19 20-70 €/tonne (PROFU, 2011). 
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The metals in-use are made accessible through state regulation on waste separation and bringing 
discarded metals once in-use into assigned containers destined for the recycling industry. Indeed, 
the resources in a landfill are directly available since they are not in use or fulfilling a purpose as 
shown in Paper I. But at the same time, the metals in a landfill are generally someone’s property 
since the landfill is owned by someone, as in the case of municipally owned landfills in Paper II. 
This type of ownership is certainly justifiable from a pollution perspective since responsibility could 
be assigned for concerns of contamination. However, from a resource perspective it could pose an 
obstacle since the metals are not accessible on demand.  
 
One reason why landfills are rarely extracted could be that the normal owners of landfills, i.e., 
municipalities, have a reverse core activity, dumping waste rather than extracting waste, unlike for 
example the tailings in the possession of mining companies as noted in Paper I. As a consequence, 
the few conducted pilot operations, reported in Paper II and in other case studies (e.g., Dickinson, 
1995; Reeves and Murray, 1997; Zhao et al. , 2007), have been limited, isolated projects driven by 
traditional waste issues, such as reducing leaching from landfill or to create additional space for 
landfilling. Hence, considering the nature of the pilot studies, metals in landfills are not accessible 
on demand, but rather when the municipalities need to solve a waste-related issue. Furthermore, 
the isolated attempts have hindered knowledge building and transfer of knowledge and experience 
between cases and actors. However, since metals in the Earth’s crust as well as in the waste flow are 
made accessible by state intervention, actors in the mining as well as in the recycling sector are not 
restricted to isolated opportunities. Therefore specialized actors have emerged with an interest to 
invest time and resources into advocacy and long-term learning processes on how to best plan and 
execute resource extraction from “their” specific metal stock. However, if an external actor would 
suggest a plan to extract particularly valuable minerals such as metals and plastics from a landfill, 
while costly fractions such as mercury and other hazardous materials are left, the owner and locals 
will probably be less easily convinced to accept the project, particularly if the landfill is already 
closed and capped. 
 
Some words needs to be said about the generalizability of this study. Certainly, Sweden is in many 
ways a particular case, but, for example, other mining countries also subsidize primary metal 
production (e.g. Grundnoff, 2012). That primary production is subsidized more than secondary 
production seems to be a general rule (c.f. IEA, 2011; GSI, 2010). The perception of landfills as 
negative and a pollution problem is most likely valid for the entire European Union, given the 
common waste policy framework, and other more economically developed countries with similar 
policies. However, in some less economically developed countries, resource extraction from 
landfills, through waste pickers, is acknowledged in policies (WIEGO, 2012). In these countries, 
metals and other resources could also be openly accessible, although the landfills are under 
ownership. In sum, this indicates a different regime and perception of landfills. The resource 
potential is nevertheless probably significant worldwide, not least demonstrated by waste pickers’ 
extraction of metals and other resources from landfills in countries with lower metal consumption. 
However, deposition has probably universally been uncontrolled, making it difficult to predict the 
content and create a constant mechanical process regardless of whether the landfill is located in 
Sweden or another country.  
 

32 
 



8. CONCLUSION  
This chapter concludes the thesis by answering the purpose of the thesis and brings the answer to a wider context.  
 
The resource potential of landfills is significant. They are actually bursting with metals: globally 
over billions of tonnes of iron and millions of tonnes of copper, and other crucial resources. Mining 
these metals has large societal, environmental, and economic potential. However, estimating the 
resource potential and identifying particularly valuable ores in single landfills is challenging since it 
is difficult to look into heterogeneous landfills with sufficient detail and predict the content. 
 
As long as such uncertainties surround a landfill mining project, there is probably no commercial 
operator ready to start a large-scale mining project since the outcome is more or less unknown. 
Such an approach to landfills is at the same time a mismatch with the current perception of what a 
landfill is and should be. Current technology, markets, cultures, knowledge, and policies of landfills 
are all adapted to landfills as a pollution problem. For example, landfills should preferably be 
closed, isolated, covered, hidden, and monitored over time, a strategy in opposition to exhuming 
and recovering waste from landfills. This means that an operator with the intention of mining a 
landfill will challenge the regime surrounding landfills, a serious and inert challenge that needs a 
spokesperson who is ready to invest necessary time and resources. Today, it is difficult to see 
anyone interested in representing the metals in the landfills, since deposited resources are only 
accessible for the specific landfill owner, who usually has a reverse core business, i.e., dumping 
waste rather than extracting waste.  
 
There is today no incentive for a commercial operator to initiate something so awkward, 
unorthodox and “dirty” as extracting metals from landfills. At the same time, the conditions for 
mining other metal stocks are currently more favorable and thus more attractive for commercial 
operators. These favorable conditions, however, are established with the help of state intervention, 
which denies the landowners rights to the metals, drives technological development through 
research grants, and reduces the cost of primary production through various subsidies. However, if 
the demand for metals will continue to increase while stocks are depleted in the Earth’s crust, 
additional sources to recycling need to become accessible. Compared to the political, ecological, 
and economic risk associated with the other more or less fantastic extraction schemes in outer 
space and the deep sea, the metals in the landfills seem less distant. But as long as what is profitable 
and thus possible to mine from the Earth’s crust, i.e., reserves, is constantly redefined with the help 
of governmental support through research funding of technological development and 
subsidization that reduces costs, the transition to secondary metal production such as landfill 
mining will be postponed.  
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9. THE WAY FORWARD 
In this section, some final remarks, ideas, and suggestions for further research are presented.  
 
This thesis has mainly aimed at formulating the obstacles and answering the question, Why don’t we 
mine the landfills? However, the idea of this thesis is not to deny that landfills could be a problem or 
that such perception is merely a social construction. Indeed, landfills are always potentially 
containments of leaking heavy metals and pesticides, which in some cases can lead to violent 
protests (e.g. BBC, 2010). Instead, landfills just like waste may be defined in many ways, where one 
definition is no more right or wrong than any other20. At the same time, the idea is not to say that all 
landfills should be mined or that landfilling should completely stop. There are substances, for 
example mercury, being phased out, which should be deposited in safe, secure landfills. However, 
there is a lot of mercury in unsafe dumps which should be secured by for example exhuming and 
re-depositing it safely. And who knows, maybe mercury will be a future asset. From such a 
perspective, waste should be sorted and deposited in separated cells, i.e., some kind of source 
separation. This will make landfills more predictable and uniform, which will facilitate any future 
mining operation.  
 
The direction for further research could be to go deeper into the question of why we don’t mine the 
landfills by for example bringing the question into a different context and investigating the 
institutional conditions of landfill mining in other countries or to look at the question from other 
perspectives. Another direction could be to move further and investigate the question of how to 
mine the landfills, considering the identified obstacles in this thesis and multiple nature of the 
problem. Such an approach could, for example, investigate how to integrate landfill mining with 
recovery of metals from annual waste flows. Another way could be to locate a case that actually has 
succeeded in mining the landfill.  
 
There are places in the world where landfills are commonly mined. In these countries deposited 
waste is commonly extracted by waste pickers. In some regions, this activity is organized, 
controlled, monitored, and recognized in legislation while in other areas it is uncontrolled with for 
example child labor (Wilson et al., 2006; Medina, 2008; WIEGO, 2012). There are also examples 
from the developed world of landfill employees that pick trash from the landfills (Reno, 2009; 
Johansson, manuscript). Hence, in all these successful cases of landfill mining, both in the 
developed and developing countries, the deposit waste is not excavated by a backhoe and sorted by 
using mechanical processes, instead it is humans who identify, sort, and bring deposited metals into 
assigned containers.  
 
Hence, the current, in many ways unsuccessful technical approach to landfill mining, including 
sampling, drilling, back hoes, and mechanical separation processes such as trommel screens, 
magnets and air knives, would do well to be complemented with elements of a waste picker’s 
superior accuracy and flexibility. After all, traditional recycling is completely dependent on the 

20 The interpretation of landfills, the waste collectives, becomes typically an extrapolation/accumulation of the 
interpretation of the individual waste. For example, if waste is perceived as a problem, the accumulation of all these 
small problems as a collective adds up in the landfill to become a much larger problem. If waste, on the other hand, is 
perceived as a resource, this perception becomes extrapolated when all these resources are in a collective, accumulated 
in the landfill and thus the landfill becomes a mine. 
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direct involvement of humans separating the heterogeneous waste at source. Furthermore, 
mechanical separation processes are commonly supplemented with human disassembly. For this 
reason, it would be interesting to learn more about the waste pickers; what practices realize landfill 
mining? Such a study would as Woolgar and Lezaun (2013) deny “context as an explanatory or 
descriptive tool.” After all, the many people in Sweden who are often excluded from society's 
safety, looking for valuable resources in containers or in abandoned houses would probably do the 
same thing in the landfills. Not least since there are recurring reports in Sweden of stolen waste 
from landfills (e.g. DN, 2008; SR, 2010; NWT, 2013). Such a study could also investigate what it is 
that makes landfills in these countries open and accessible, a “waste commons” (Lane, 2011).  
 
But the involvement of humans in mining operations is controversial. For example, there are 
reports of health problems among waste pickers in landfills (e.g. Hunt, 1996; Alvarado‐Esquivel et 
al., 2008) as well as in artisanal mining (e.g. Bose-O'Reilly et al., 2010). In addition, if landfill mining 
is to be market-driven, either performed by waste pickers or mining companies, the valuable 
resources would be extracted as these increase profits, while the costly hazardous materials would 
be left behind since these not only lack value but are costly and thereby reduce profitability. Such an 
approach is in many ways irresponsible to future generations, because the sins of mass 
consumption are left for them to handle, and could be forgotten over time with devastating 
consequences. After all, landfill mining should be a responsible activity; not only exhuming 
necessary resources for the society, creating jobs and national wealth like traditional mining but also 
removing potential environmental threats, which from a societal perspective is at least as necessary 
to secure as resources. Therefore, it would be interesting to further study how remediation can be 
integrated with metal extraction of landfills. 
  
Such integration would mean that the extraction of metals from landfills does not need to compete 
on the same market as extraction from other metal stocks, which is subsidized. For example, the 
integration could create economic space to put up an advanced and thus expensive mechanical 
process, including several different separation steps, which better can handle the unpredictability 
and heterogeneity of the deposited waste. Furthermore, if landfill mining is presented as a 
remediation project, re-deposited waste will not be subject to landfill tax, since residues from 
remediation already are exempt from the tax. The integration of resource extraction and 
remediation could also open up access to landfills. If the extraction of resources from a landfill is 
presented as a remediation project, few owners would probably deny access, since remediation 
potentially could mitigate future environmental liability. 
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