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SUMMARY 

This paper examines the market potential of disposed waste, a resource that is increasingly 
emphasized as a future mine. A framework with gate requirements of various outlets was 
developed and contrasted with excavated waste sorted in an advanced recycling facility. Only 
the smallest fraction by percentage had an outlet, the metals (8%), which were sold according 
a lower quality class. The other fractions (92%) were not accepted for incineration, 
construction materials or even re-deposition. Previous studies have shown similar lack of 
marketability. This means that even if one fraction can be recovered, the outlet of the other 
material is often unpredictable, resulting in a waste disposal problem, which easily prevents a 
landfill mining project altogether. However, the potential in landfills could better be exploited 
if technology and regulations adapts to disposed garbage. 
 

1. INTRODUCTION 

The resource-hungry market craves for more and more resources. Today, the increasing 
demand is mainly meet by traditional extractive industries searching for previously 
inaccessible reservoirs, accompanied with severe social and ecological consequences. 
Recycling can partly substitute primary production but is limited to annual waste flows. 
However, due to our inherent wastefulness, huge amounts of resources have accumulated in 
different waste deposits. Some researchers’ claim that waste deposits are bursting with 
resources; i.e. the amount of copper is comparable to the current in-use stock (Kapur, 2006), 
the amount of combustibles may cover the demand for district heating for decades 
(Frändegård et al., 2013). Given this potential, the extraction of inactive resources has been 
proposed as an alternative strategy to quantitatively increase recycling and thereby replace a 
significant share of the environmentally degrading primary production (Ayres, 1999; 
Johansson et al., 2013). The resurrection of resources we once ardently wanted and then did 
not, therefore placed in a garbage dump, but now we once again require has been called 
landfill mining, i.e. regarding landfills as mines. 
    Landfill mining is an emerging research field, but stuck in the mapping of individual pilot 
studies (Krook et al., 2012a) in terms for example of material composition (e.g., Hull et al., 
2005; Cossu et al., 1996; Hogland et al., 2004; Quaghebeur, et al., 2013), technical efficiency 
(e.g. Dickinson, 1995; Reeves and Murray, 1997; Zhao et al., 2007), environment and health 
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risk (Cossu et al., 1995; EPA, 1997), and economic feasibility of the project (e.g. Fisher and 
Findlay, 1995; Dickinson, 1995; Hull et al., 2005). Thus, research on landfill mining has 
primarily focused on estimating the potential of hypothetical projects or mapping pilot 
studies. The latter part of a landfill mining operation, i.e. the material fate, the outflow from 
the excavation, possible outlets and market acceptance of the excavated material has received 
less attention. In the cases disposed materials have been recovered, for example through 
incineration (Johansson et al., 2012) or recycling (Zanetti and Godio, 2006), the potential 
have commonly not been tested as small test quantities were sent away, shielded from market 
requirements. In some of the pilot studies, often in the form of hypothetical evaluation 
projects, isolated fractions have been examined and in particular the calorific value (e.g.  
Hogland et al., 1995; Kornberg et al., 1993), but without contrasting the result with the 
requirements of the market.   
    In the few cases where the potential has been compared with market requirements (e.g., 
Quaghebeur et al. 2013; Zhou et al., 2014) conclusions about the market acceptance has been 
inadequate, as the waste have been manually sorted previously to analysis, a sorting method 
that hardly reflects the material fractions that would be separated out in a full-scale 
mechanical operation. Overall, knowledge about the societal interest and market acceptance 
of deposit waste is still lacking. Hence, there seems to be a mismatch between the industry 
need and the academic work in this field.  
    Knowledge about the market potential for deposited waste is crucial for landfill mining to 
scale up beyond pilots studies. For policy makers to evaluate the societal potential of 
deposited materials, and become interesting for business, a complete picture of landfill mining 
is necessary that not only focus on the potential but also on the society which are left with the 
masses. The overall aim is therefore to examine if the market is ready to take back the 
material it once abandoned. Or, technically speaking; is it possible to obtain quality recyclable 
materials from waste deposits? Since this is one of the first systematic studies to explore the 
market potential of buried, deposited waste, a method was developed to examine potential 
outlets for disposed waste and investigate opportunities to further refining the waste. The 
market acceptance will in this study be limited to gate requirements of the waste sector, 
accompanying regulations and laws.  
 
2. METHOD 

The method applied to investigate the market potential of previously deposit waste was 
structured into four sections. First, a landfill intended to be extracted was identified, which 
could serve as a starting point and frame the method. Then a framework for waste outlets 
were constructed, the extracted material was analyzed and contrasted to the framework as to 
explore the market potential, and finally opportunities for further refining were investigated. 
 
2.1. Methodological background: A landfill mine  
 
The landfill in focus of this study is an industrial landfill in Sweden. This landfill contains 
basically only waste from scrap cars and scrap collected at recycling centers around Sweden 
processed in a shredding facility optimized for metal recycling opened in 1975. The landfill is 
about 10 meters high, at its highest point, and contains in total 650 000 tonnes material. 
During 2013-2014, the owner of the landfill extracted 600 tonnes of disposed material from a 
specific part of their landfill. This section of the landfill was chosen since it was easily 
accessible for the involved machines, backhoe and dumpster, and assumed to hold particularly 
high content of non-ferrous metals. Previous internal evaluations had indicated that at this 
particular location, waste had been deposited before the year 1985 when only iron was sorted 
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from the incoming scrap, thus with remaining high levels of non-ferrous metals. The pilot 
excavation was thus mainly resource-driven. 
    After the excavation, the previously disposed waste was stored in 3 months under 
tarpaulins to dry. The stored waste was then sorted in an advanced shredder facility, 
optimized for metal recycling, through magnets, air knife, screening and flotation, into several 
different waste fractions which could essentially be categorized as fines, shredder light 
fraction (SLF), metals, heavy waste and light waste: 

• Fines are a mixed material with the common denominator of a size less than 2 cm and 
are commonly disposed. Fines were sorted out in this facility by several screeners, 
which churned out fines at several different places in the recycling process. 
Altogether, 55 % of the exhumed waste turned out as fines, as seen in table 1.  

• SLF (11%) is also referred to as fluff and is lightweight materials such as textiles and 
foam sorted out through an air knife, which in the everyday processing of fresh waste 
is sent to incineration.  

• Heavy waste (20 %) usually contains heavy materials such as rubber and is a residue 
from flotation and is normally landfilled.  

• Light Waste (6%) is also a residue from the flotation process and usually contains 
lighter waste such as textiles and is normally incinerated.  

• Metals (8%) are the main target of this recycling facility and sorted into various 
ferrous and non- ferrous fractions by flotation, magnets and eddy current.  

 
Table 1. The material balance of the pilot excavation.  

Fraction Disposed waste  
Fines 55% 
SLF 11% 
Light waste 6% 
Heavy waste 20% 
Metals 8% 

Total 100% 
 
2.2. Constructing the framework 
 
The extraction of this particular landfill was executed independently of us, the researchers', 
although we participated through documenting the trial. Our direct involvement was to 
investigate the market potential of the excavated waste. This was initiated by firstly 
constructing a framework, partly adapted to specific landfill. 
    The first step in constructing the framework was to identify possible outlets for the 
disposed waste emanated from the waste hierarchy: disposal, construction material, energy 
recovery and material recycling. Other parts from the waste hierarchy such as re-use and 
biological treatment were excluded from the framework due to the nature of the disposed 
waste. Reuse is not applicable since most of the material has been shredded in the 
fragmentation facility. While, biological treatment such as biogas production is not applicable 
since easily biodegradable material most likely already transformed in the landfill. Swedish 
biogas producers are also assigned to a standard (SPCR 120) which only accepts waste from 
the food and agriculture sector.  
    The different steps of the waste hierarchy (disposal, construction materials, energy recovery 
and material recycling) can still imply big variations. For example, conventional methods 
such as waste incineration as well as methods at the research level such as gas-plasma. In this 
study, we have chosen to include only conventional methods that are commercially 
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established in the proximity of Sweden, as our focus is what can currently be done with the 
waste at the same time as commercial methods are more likely to have established gate 
requirements. However, there is also a wide variation of commercially operating waste 
management practices. For example, waste could be deposited in a variety of contexts, from 
an inert landfill to an old mine in Norway, Langøya, for waste which is so hazardous that it 
must be redefined as resources to be deposited. To specify and limit the number of potential 
outlets, interviews with experts at the executive recycling company were conducted. 
Questions such as "what potential outlets for the previously disposed waste can you identify?" 
were asked. Through the interviews, the following potential outlets for the disposed waste 
could be specified: 

• Deposition of waste in either a hazardous landfill or a non-hazardous landfill with 
lower requirements.  

• Construction material, where the waste can be used freely in various construction 
works1, such as roads or residential sites as well as covering of landfills with lower 
requirements. 

• Energy recovery of waste where it is used as fuel in either a traditional grate boiler, 
circulating fluidized bed (CFB) or in cement production. 

• Recycling of metals, plastics and rubber. 
 
The probability of the deposited waste to be applied to the above stated outlets varies. All 
outlets have nevertheless been proposed by the respondents based on the content of the 
landfill (Alm et al., 2006) and that they are currently being applied to incoming fresh waste or 
figuring as a possible outlet. It may be worth mentioning that some conventional waste 
management practices were identified as irrelevant by the respondents. For example, paper 
and glass recycling were excluded as the landfill in question contains small amount of paper 
and glass according an earlier prospecting study (Alm et al., 2006). Furthermore, landfilling 
in Langøya was considered unrealistic because of the costs.  
    When the potential outlets were settled, the gate requirements in Sweden for accepting 
waste were mapped for each included waste management practices, i.e. the minimum quality 
of waste to be, for example, landfilled or recycled. The possibilities for finding an outlet are, 
however, not only a question determined by the waste recipients, but also, although often 
integrated into the gate requirements, legal limits and requirements on waste. Thus, 
information was not only collected from direct interviews with waste recipients, but also from 
Swedish and European legislative texts. Hence, information on laws, waste management 
practices and market demand formed a market framework for secondary resources.  
    The developed framework to examine potential market outlets for deposited material is not 
uniform, because the requirements for receiving waste are different depending on the waste 
management practice. For example deposition, the leaching concentrations are crucial while 
for recycling homogeneity is particularly important, as seen in Table 2. 
 
Table 2. Overview of the input criteria for the identified waste outlets in the framework 
 Leaching concentrations Total concentrations Heating value Heterogeneity 
Deposition X X (TOC)   
Construction material X X   
Energy recovery  X X  

                                                           
1 In Sweden, there are only guidelines for using waste in various construction works as well as covering landfills. 
There is no specified requirement for using waste for differentiated purposes such as establishing industrial or 
residential sites. The licensing authority may, however, if registration is provided, based on the specific location 
and use, state (less strict) site-specific limits for the use of waste as construction material. 
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Material recycling  X  X 
 
Furthermore, for some waste management practices general requirements are specified in the 
legislation, but in other cases it is primarily up to the individual actor to decide the required 
quality. For deposition (Swedish EPA, 2004:10) and construction material (Swedish EPA, 
2010) there are clear limits for leaching concentrations and total concentrations, working as 
general requirements. Also for energy recovery there are general requirements, which, 
however, depend on the type of boiler (grate or CFB) and on the purposes; waste incineration 
(grate and CFB) or cement production. On the other hand, the requirements for material 
recycling depend on the type of material (such as plastic or rubber) and are also partly 
determined from case to case. For this reason, the requirements for landfilling, construction 
material and energy recovery are presented quantitatively in a comparative table in the 
appendix, while the requirements of recycling are reported qualitatively in the same appendix. 
 
2.3. Analyzing the buried 
 
The next step was to return to the sorted excavated waste; fines, SLF, metals, heavy waste and 
light waste to explore the possibilities for potential use. Each output was lab analyzed for 
moisture, ash, carbon, hydrogen, nitrogen, oxygen, sulfur, chlorine, fluorine, bromine, main 
elements, trace elements and calorific value as to determine leaching concentrations, total 
concentrations and heating value, according table 1. The rest was screened and material above 
4 mm was manually sorted in 9 different material fractions2 with the help of magnets, knives, 
hands, and visual inspection. This was done to take a closer look at the material and, for 
example, determine heterogeneity according to table 1. The results from the lab analysis and 
material characterization of each fraction, i.e. the leaching and total concentration, heating 
value and heterogeneity,  were then compared with our framework to explore the market 
potential of the separated waste, i.e. could the sorted fractions from the landfill be re-
disposed, used as construction material, energy recovered or material recycled?  
    However, when the fractions are contrasted to the framework in chapter 3, some fractions 
have been jointly presented as several fractions demonstrated almost identical properties (e.g. 
material composition and heavy metal concentrations). Thus, all the fines fractions and metal 
fractions were merged into one fine fraction and one metal fraction, respectively. 
Additionally, heavy waste, light waste and SLF proved to have similar properties and were 
therefore presented under the same headline. When there were differences between the 
fractions in the same group, dissimilarities were presented.  
 
2.4. Upgrading the market potential 
 
When the market potential was investigated for the sorted waste, the reasons for why the 
material could not be utilized were simultaneously identified. For example, in a specific 
fraction the level of heavy metals were identified above the limits for construction material. 
This analysis demonstrates both the market potential of construction material for this fraction, 
and simultaneously the problem that must be solved for the specific fraction to be used as 
construction material. The identified problems, in chapter 3, were thus used as a basis for 
finding solutions to enhance the market potential in chapter 5 and 6. 
    Both technical and legal measures were considered when exploring how to enhance the 
market potential of the previously deposited waste. Again, only conventional strategies 
commercially available in Sweden were included. For example, the solution for the above-
                                                           
2 Rubber, hard plastics, foam, soft plastic, textiles, wood, ferrous, nonferrous and inert.  
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identified problem, of high levels of heavy metals, could be technical methods to reduce the 
heavy metal content or/and legal approaches, which instead focus on the social requirements 
on the material. The possibilities to upgrade the waste were identified through interviews with 
experts at the executive recycling company through asking questions such as "what 
technical/legal approach, considering the problems identified, could enhance the market 
potential of the fractions?  
 
3. EXPLORING THE MARKET POTENTIAL OF THE DISPOSED WASTE   

3.1. Fines 
 
The largest fraction that came out from the stationary separation facility was fines. This 
fraction represented over 50% of the excavated material, as seen in table 1, and contained 
mostly rubber, hard plastics, textiles and some metals, as seen in table 3.  
 
Table 3. The material composition of the separated fractions.  
Material Fines Light waste Heavy waste SLF Metals 

Rubber 32% 62% 82% 41% n.a. 

Hard plastic 26% 18% 9% 23% n.a. 

Foam plastic 2% 1% 0% 11% n.a. 

Foil plastic 2% 1% 0% 5% n.a. 

Textiles 20% 12% 1% 12% n.a. 

Wood 6% 4% 4% 3% n.a. 

Ferrous 4% 0% 0% 1% 47% 

Non-ferrous 3% 2% 3% 3% 53% 

Inert 5% 0% 1% 1% n.a. 

 
It is difficult to see any outlet for fines. It would probably be difficult to recycle the material 
in fines, because the particles are too small and heterogeneous. Although fines contain around 
26 % plastic, it is still far from the required 90% for recycling (see appendix). Also, the lead 
content (> 3000 mg/kg), as seen in table 4,  is far much higher than the limits of Reach (100 
mg/kg), which is followed by plastic recyclers. The high chlorine content, around 2%, as seen 
in table 5, indicates the presence of PVC which is not accepted by plastic recyclers. However, 
it could be interesting to re-process the fine fraction in the separation facility due to a content 
of around 7 % metals; metal recyclers are commonly less sensitive to heterogeneity and the 
presence of heavy metals (see appendix).  
 
Table 4. Total concentrations of heavy metals (mg/kg) in the separated fractions and 
according the limits for construction work, landfill cover and waste incinceration.  
Fraction Arsenic 

(As) 
Cadmium 
(Cd) 

Chrom 
(Cr) 

Copper 
(Cu) 

Mercury 
(Hg) 

Lead 
(Pb) 

Nickel 
(Ni) 

Zinc 
(Zn) 

Construction 
work 

10 0,2 40 40 0,1 20 35 120 

Landfill cover 10 1,5 80 80 1,8 200 70 250 
Waste 
incinceration1 

12 12 100 700 3 500 40 - 

Fines 20 37,5 207 11000 2,7 3080 210 8500 
Light waste 6 36 99 15000 1 960 97 8300 
Heavy waste 6 19 500 7700 0,6 670 300 12000 
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SLF 17 48 230 22000 2,6 2300 220 8400 
1 Grate furnace  
References: Söderberg, 2014: Swedish EPA, 2010.  
 
Incineration plants are probably not interested in fines. Certainly, the average heating value 
and moisture content in fines are acceptable for waste incineration, but too low for cement 
production, as seen in table 5. But the ash content, on the other hand, around 57 %, is too high 
for waste incineration (20%) and especially cement production (2%). In addition, 
concentrations of heavy metals are too high as demonstrated in table 4, for example the 
copper concentrations are at least 15 times the gate requirements of combustion plants. The 
presence of chlorine is also too high for waste incineration and cement production. Fines 
could probably not be used as construction material, neither for construction works nor for 
landfill cover due to high levels of heavy metals such as chromium, nickel, mercury, and 
especially lead and copper. The lead and copper content was 150 times higher than the limits 
for construction works, as seen in table 4. Although the leaching concentrations of the fines 
were within the limits to be landfilled, the content of organic (25%) was higher than the 
permitted levels (5-6%), as a consequence of the prohibition against deposition of organic 
material.  
 
Table 5. The combustion values and TOC levels of the separated fractions as well as input 
criteria for cement production, waste incineration and disposal.  
Fraction Calorific Value 

(MJ/kg) 
Ash  
(%) 

Moisture 
(%) 

Chlorine 
(%) 

TOC 
(%) 

Cement production >17 2 8 0,8  
Waste incinceration1 8-16 20 25-47 1-1,5  
Disposal2     5% 
Fines 10 57 27 1,9 27% 
Light waste 27 22 n.a. 3,9 58% 
Heavy waste 29 22 16 1,9 62% 
SLF 17 44 22 2,3 39% 
1 Grate furnace and CFB boiler 
2 Non hazardous landfill 
References: Söderberg, 2014; Swedish EPA, 2004:1. 
 
3.2. Flotation waste and SLF 
 
Heavy waste from the flotation accounted for about 20% of the excavated material and was 
one of the more homogeneous fractions with the largest rubber content (82%), in addition to 
smaller amounts of hard plastic, wood, and non-ferrous metals, as visualized in table 3. Light 
waste from the flotation accounted for about 6% of the excavated material, demonstrating a 
similar material composition to heavy waste containing mainly rubber (62%) but also some 
hard plastic and non-ferrous metals, in addition to lighter materials such as textiles. Waste 
from the air knife, SLF, represented approximately 11% of the excavated waste and contained 
mainly rubber and plastic just as the flotation waste. But SLF was also the fraction with the 
largest proportion of lightweight material in the form of textiles (12%), foam (11%) and foil 
(5%).  
    Although flotation waste and SLF demonstrate a high content of rubber, it is hardly 
interesting for pyrolysis producers, since none of the factions contains homogeneously rubber. 
Even if it would be possible to homogenize the fractions, all fractions would still contain an 
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unknown mixture of different types of tires from different decades, making it difficult to 
identify the original type of carbon black, as requested by pyrolysis producers (see appendix). 
Furthermore, the plastic content is too low to be recycled. However, it could, just as with 
fines, be interesting to reprocess the flotation waste and SLF to squeeze out the remaining 
nonferrous metals. 
    Incineration of SLF and flotation waste was not likely. The calorific value of heavy waste, 
light waste and SLF are acceptable to be used as fuel in cement industry but too high for 
waste incineration, as indicated in table 4. On the other hand, the moisture content of heavy 
waste, light waste and SLF were too high for cement production but acceptable for waste 
incineration. The analysis of the moisture level of light waste failed3. Concentration of heavy 
metals (including chlorine) as well as the ash content of flotation waste and SLF proved also 
too high for waste incineration and cement production. The high levels of heavy metals 
prevented also the flotation waste and SLF to be used as construction material, as 
demonstrated in table 5. In addition, the size of materials in these waste fractions is relatively 
large (2-8 cm), which possibly makes them less useful as construction material, considering 
that the standard construction material in Sweden is gravel from crushed rocks. Re-deposition 
is not possible, due to large amount of rubber and plastic, which gives a high organic level in 
the waste. 
 
3.3 Metals  
 
During the separation of the previously deposited waste, the metal fraction accounted for 8 % 
of the total, of which 47% iron, 18% aluminum and a mixed fraction with mainly copper 
(35%). These metal fractions were sold to smelters in Asia in a quality class comparable to 
metals in ashes from waste incinerators, which in general is a lower quality metal. The 
smelters were not informed that the metals previously been deposited. But on the other hand, 
the smelters have not complained about the quality. Since the metal fractions could be sold 
and thus recycled, no other outlets were examined.  
 
4. GENERAL COMPLICATIONS OF FINDING OUTLETS 
 
This case demonstrate the technically difficulties of refining previously disposed waste into 
marketable resources. Although advanced separation methods were applied, the metal 
fraction, which represented only 8% of the sorted masses, was the only fraction with a 
possible direct outlet. Consequently, 92 % of the material had no resort. Not even deposition 
was possible because of the ban on landfilling organic waste (SCS, 2001:512). In addition, 
due to high calorific value, the fractions is probably double prohibited to be re-deposited, as 
combustibles are banned to be landfilled (SCS 2001: 512). Using the waste as fuel was, 
however, hindered by high levels of chloride, heavy metals, ash and moisture in the sorted 
fractions. The waste fractions could nevertheless possibly be reprocessed in the same 
separation facility as to squeeze out the remaining metals. But there was probably a reason 
why the metals were not separated from the waste in the first process, for example, particle 
size less than 5-7 mm is difficult to recycle (Lorentsson, 2015). At the same time, this method 
can only at the best recover another few percent of the total residues, thus for the lion share of 
the remaining waste, outlets are lacking (which during daylily processing of incoming waste 
is normally incinerated or landfilled). 
    Although these results are valid only for this specific case, based on a certain type of 
disposed waste -  shredder waste from the early 80s - and a certain type of separation system - 
                                                           
3 The sample was dried before analysis and the moisture level of 6 % became therefore misleading.  
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a fragmentation plant -, difficulties in finding potential outlets have been reported earlier. 
Excavation of a fragmentation landfill in Denmark, similar to the one analyzed in this paper, 
was stopped since the metals were not considered marketable (Rosendal, 2015). Pilot studies 
targeting Sweden’s largest municipal landfill, Filborna, have demonstrated, by sorting the 
material according size, levels of TOC slightly too high to be disposed, concentrations of 
cadmium and zinc above the limits of construction material as well as ash and moisture 
content too high to be incinerated (Hogland, et al., 1995; Karlsson and Åslund, 2014). 
Exhumed waste from a finish municipal landfill, indicated too high levels of chlorine for 
incineration, while the content of TOC was slightly too high to be deposited (Kaartinen et al., 
2013).  
    Similar difficulties in finding an outlet have also been experienced in non-European 
countries. For example, the levels of TOC, moisture, ash and heavy metals in a Thai 
municipal landfill were probably non-acceptable for incineration plants as well as to be used 
as fertilizer according Prechthai et al. (2008). Exhumed waste from landfills in the US had 
difficulties in meeting the gate requirements of incineration plants (Kornberg et al., 1993), 
due to low calorific value and high ash content. Krugmann and Qu (1997) review of US 
landfill mining project revealed that the fraction with highest marketable potential was the 
fine fraction to be used as landfill cover4. An increasingly landfill type, at least in northern 
Europe, is ash landfills. Many of these ash landfills contain large amounts of metals (Krook et 
al., 2012b). But just as other landfills, ash landfills hold few openings for potential outlets 
other than sorted metal fractions. For example, in addition to the obvious lack of calorific 
value, the concentration of heavy metals (Värmeforsk, 2015) is probably too high to be used 
as construction material in Sweden. The advantage, however, is that the TOC content is 
probably low, so it could at least be re-deposit as long as the leaching behavior is within 
limits. 
    Some researchers argue that the material in a landfill could possibly be recycled or 
incinerated. Zhou et al. (2014) analysis of the recovery potential of plastic showed that the 
quality was probably too low for recycling, due to difficulties of removing impurities, but 
acceptable for energy recovery. Quaghebeur et al. (2013) assumed that inert materials such as 
metals and glass could be recycled, while organic materials such as plastics, textiles and paper 
could not be recycled due to heterogeneity and contamination, and should therefore be energy 
recovered. However, these studies have drawn conclusions about market acceptance based on 
manually sorting the waste into different material categories before analyzing its potential. 
Conclusions drawn from manually sorted fractions have a limited value for the marketability 
of disposed materials since a full-scale operation would be driven by mechanical separation, 
which separates in other categories, such as density or size.  
    Indeed, there are several reports from previous case studies based on mechanical separation 
where the previously disposed material has been recovered. For example, the fine fraction has 
been used as a fertilizer (Savage et al., 1993), energy recovery from combustibles 
(Rettenberger, 1995; EPA, 1997; Johansson et al., 2012), and recycling of metals (Hino et al., 
1998; Zanetti and Godio, 2006). But several of these pilot studies, and thus the recovery of 
the material, were performed during a time when environmental standards were lacking or 
lower, for example, limits on waste as fertilizer. Furthermore several of the pilot studies sent 
away small test quantities, and were never lab analyzed as they did not needed to meet market 
demands. In cases where the recovery has been on a large scale, such as the energy recovery 
of 200 000 tonnes of waste from Frey Farm Landfill in Pennsylvania US, the incineration 
plant was owned by the landfill owner (EPA, 1997), which meant that gate requirements was 
less strict/more flexible. For example, the previously deposited waste was mixed up with 4 
                                                           
4 However, the need of covering old landfills, as a result of stricter legislation, will over time diminish. 
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times as much wood and other selected residual to reach a quality equivalent to household 
waste (Forster, 1994 referenced in Hull, et al., 2005). Nonetheless, this mixture proved to 
have "greater equipment wear, ash generation, and chloride emissions" than regular waste.  
    Even metals seems difficult to market; in earlier pilot studies where metals have been 
sorted with the help of a magnet in a mobile separation plant, the quality of the metals was 
assumed to not being marketable (Stessel and Murphy, 1991; Savage et al., 1993; EPA, 1997; 
Hull et al., 2005; Jain et al., 2013). Not even when more advanced facilities optimized for 
metals were applied, equipped with for example electromagnets, eddy current magnets as well 
as sensors, seem separated metals reach marketable quality (Rosendal, 2015). However, in the 
case analyzed in this paper, including wet separation steps such as floatation, the quality 
proved low but marketable and sold to the smelter according the same classification as scrap 
from bottom ash of waste incineration. However, this case has been shielded from market 
conditions. For as Table 6 shows, everyday incoming “fresh” waste contains in ratio 5 times 
more metals than the exhumed disposed waste analyzed in this paper, and is also sold 
according a higher quality (Lorentsson, 2015). Hence both the quality and quantitative of 
disposed metals is lower compared to recently discarded metals. With this background it is 
doubtful whether the extraction of deposited metals can compete with the plant's daily 
recycling of recently discarded metals. 
 
Table 6. The material balance of the pilot excavation project (disposed waste) and the daylily 
process (fresh waste).  

Fraction Disposed waste  Fresh waste 
Fines 55% 25% 
SLF 11% 10% 
Light waste 6% 5% 
Heavy waste 20% 5% 
Metals 8% 55% 

Total 100% 100% 
 
The market doesn’t seem ready for disposed waste, irrespectively of the landfill type 
(industrial/municipal), continent (Europe/America/Asia) and sorting method. However, the 
reason might be that the extraction of deposited waste have been conducted with technology 
and contrasted to a market requirements adapted to “fresh” waste. Thus, in order to exploit the 
potential in landfills, we should evaluate how technology as well as policies, which largely 
determine the market requirements, can better be adapted to deposited waste.  
 
5. TECHNICAL VALORIZATION   
 
    Technically, the market potential of the previously deposited factions can increase in two 
different ways. Either the waste can be diluted or refined. Dilution may prove difficult if the 
operator do not receive large amounts of "pure" waste. In cases when an operator lacks 
incoming “pure” waste, there is commonly a possibility to pay an extra fee so that the 
recipient can mix the disposed waste with cleaner waste, as to fall within the requirements. 
However, for our disposed waste, dilution is probably not a feasible method due to high levels 
of heavy metal. For example, at least 100 times as much copper-free waste need to be added 
to the separated fractions to reach the limits of construction material, as seen in table 4. For 
incineration, at least 10 times copper-free waste needs to be added. In order to reach the TOC 
limits of deposition, the different fractions needs between 5 to 12 times as much TOC-free 
waste, as seen in table 5. Hence, dilution as a method to increase the market potential of the 



Sardinia 2015, Fifteenth International Waste Management and Landfill Symposium  
 

11 
 

disposed waste is probably not a viable method given the high levels of heavy metals. 
Furthermore, dilution means that the total amount is never reduced in the fraction, only 
adulterated to fall within the levels.  
    A better strategy to increase the market potential is therefore to refine the deposited 
fractions. One way could, for example, be to try to squeeze out metals from the nonmetallic 
factions, not least because the high residual concentrations create problems for other 
recipients. Although the fragmentation facility can probably not be used to extract further 
metals, as previously mentioned restricted to metals above 5 mm, there are other sorting 
techniques optimized for fine-grained materials suitable for recycling (c.f. Schachermayer et 
al., 2000). Attempts to separate metals from fine grained materials have demonstrated 
variable results depending on the waste type (Schachermayer et al., 2000). In the best cases, 
however, 97% of the total zinc has been sorted, which could potentially make the fractions 
acceptable for incineration, but hardly as construction material. However, the levels of ash 
and moisture in all fractions are still too high for acceptance by incineration, and also points 
towards being a complex fraction to separate. 
    The problem with moisture in the disposed waste is a recurring problem in landfill 
excavations (c.f. Stessel and Murpy, 1991; EPA, 1997; Hull et al., 2005; Kaartinen et al., 
2013; Rosendahl, 2015), which not only affects the market potential but also impairs the 
efficiency of the sorting, as high humidity makes different materials bound together. This is 
especially true for dry separation such as air knife and screening, separating by weight and 
size, respectively, since these methods depends on that material is easily detached. Hence, due 
to the solid bound between the materials, small as well as light materials could only 
occasionally be sorted out through the screen and air knife. Although wet separation is better 
adapted to handle humid waste, not least proved by the fact that metals could actually be 
marketable, the efficiency of the flotation plant was negatively affected by the high humidity, 
since a large part of the light material, such as paper, wood and textiles, which otherwise ends 
up in the air knife finished in the flotation waste. This resulted in many of the fractions 
containing a similar material composition (see table 3, 4 and 5). For example, the SLF 
fraction, sorted through the air knife, contained more heavy waste (over 60% rubber and 
plastics) than light waste (20% textiles and foam). Furthermore, all fractions contained large 
amounts of fines as fine material in moist conditions tends to attach to bigger particles 
(Kaartinen et al., 2013). The consequence of the high humidity, for example the SLF fraction 
was not only that a high moisture levels leads to poor combustion and thus increased 
emissions, but also to worsen separation and thus a more heterogenic fraction containing PVC 
and fines, which further worsen the potential for combustion, due to high levels of chlorine 
and ash, respectively. 
    Hence, a basic technical solution to increase the marketability of disposed waste, 
particularly if dry separation is to be included, is to dry the material before processing. But 
drying the waste can prove difficult as the large amounts of soil and dirt in the waste, from the 
biodegradable organics, binds liquid. Although the waste, in this case, was stored for 3 
months before processing, only the surface layer of the waste piles seemed to have dried. 
Drying excavated waste from a landfill in Finland for a few weeks had also only limited 
impact on the humidity (Kaartinen et al., 2013). So to reduce the moisture level, as to enhance 
the separation of the material, some form of mechanical dryer is probably required. In 
Denmark, by blowing hot air to the exhumed shredder waste and rotating it with a wheel for 
three days, the moisture level decreased from 25% 10% (Rosendahl, 2015). This method 
proved, however, to be economically costly and area-intensive. 
    If the materials would have been less bounded to each other, the screening, for example, 
would have been more efficient, thus more fines could have been sorted and, consequently, 
reduce the ash content of the SLF and flotation waste. However, a lower ash content mean 
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that the calorific value would increase, therefore the lightweight fraction (SLF and light 
waste) would be better suited as fuel for cement production, as waste incineration plant is 
adapted to household waste with its lower calorific value. But since plastic and rubber with 
high levels of PVC would remain in the lightweight fraction, the levels of chlorine would still 
be too high to be used as fuel. PVC can probably be sorted if the flotation plant in the 
fragmentation facility is adapted to sort plastic (instead of metal). Such adaption of the 
flotation could sort plastic and rubber with high density, such as PVC. Also plastic types with 
other densities can be sorted such as Low Density polyethylene. But even if the plastics can 
be sorted out in relatively homogeneous and pure fractions, Zhou (2014) argue that deposited 
plastic is not suitable for recycling due to high levels of impurities, and should, therefore be 
energy recovered. So at the best, only certain types of plastics could be recovered since the 
plastics and rubber containing PVC has non-acceptable levels of chlorine, as previously 
mentioned. Furthermore, the TOC content of PVC is probably too high to be re-deposited, the 
origin too uncertain for pyrolysis, too biological stable for composting and therefore lacks 
outlets. 
    The largest part of the excavated material – fines remains to be addressed. Certainly, as 
shown above, additional metals can be picked out from the fines, but hardly to the extent that 
the fines fractions could be used as construction material. Besides, for re-deposition of the 
waste the main problem is the organic content. However, the TOC content may be difficult to 
reduce, not least as fossil plastics and rubber will naturally not biodegraded in the foreseeable 
future. Possibly, plastics and rubber (holding TOC) could be sorted away if the sorting size of 
the screener is further limited, but hardly to the degree that the TOC content drops below 5-
6%. At the same time, the sorted small plastic and rubber pieces would end up in other waste 
fractions causing difficulties and uncertain returns. Another alternative is to reduce the total 
concentration of metals in the fine fraction to enable use as a building material (using the 
material in construction does not include any limits on TOC). Previous projects with soil 
washing (Swedish EPA, 2006) have demonstrated that the metal concentrations of fine 
fractions can be treated to acceptable levels for building materials in construction works, 
while the heavy metals in the liquid phase is deposited or in the best case picked out for 
recycling. 
 
6. CHANGING THE INSTITUTIONAL CONDITIONS  
 
Although it appears technically difficult to find outlets for most of the disposed waste, outlets 
can still be constructed socially. One of the main question concerns the time dimension and 
whether disposed waste should be classified as old or new waste. According to the Swedish 
Tax Agency (Swedish EPA, 2013), if old disposed waste leaves the landfill site it should be 
classified as new waste. This means that as long as disposed waste is handled and processed 
for example in a mobile separation plant within the boundaries of the landfill site, the waste 
remains old, applicable to contemporary regulations long before the implementation of the 
EU Landfill Directive and the TOC ban. This means that residues can be re-deposited as long 
as the waste does not leave the site. However, if the waste leaves the site as to, for example, 
be sorted in a stationary separation plant it suddenly become new, and needs to be re-
classified (inert/non-hazardous/hazardous) and thus regulated by current legislation. Due to 
the current legislation, re-deposition of the residues from the separation plant off site will 
become difficult, as demonstrated in chapter 3.  
    Even if the disposed waste is exhumed to only be re-deposited in another landfill, the waste 
will probably be reclassified as new waste, if it leaves the initial landfill site. Since the 
recipient of the waste requires that the waste is re-classified under current legislation, as to 
know how to handle the waste. Thus, time does not determine whether the waste is old or 
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new, it is a question of space, i.e. where the waste is located. As long as the waste is within 
the boundary of the real estate, irrespectively if it is over or beneath the ground and if it has 
been processed, legally the waste is defined as old. But when it reaches outside the spatial 
boundary of the landfill site suddenly it becomes new and controlled by stringent regulations. 
From an environmental perspective applying a spatial perspective to the classification of 
waste may prove problematic, as it may prevent the use of a stationary separation plant with 
higher efficiency, generating less residues than a mobile separation plant (Frändegård et al., 
2013). Furthermore, a spatial perspective can also prevent disposed waste from leaving the 
original, often substandard landfill to be re-deposited in a sanitary landfill. 
    So what happened to the residues from the pilot study highlighted in this paper, which 
overall lacked an outlet according chapter 3? According to the permission stated by the 
municipality, dispensation was given to re-deposit all residues from the pilot study. Indeed, 
the fragmentation facility holds an exemption to deposit fines derived from the everyday 
sorting of “fresh” waste, although the TOC content exceeds the legally set limit of 5% for 
non-hazardous landfills. Exemption from the ban, according to the Swedish EPA (2004:4), 
can be given in cases when the wastes "physical or chemical properties after-treatment is not 
recyclable or couldn’t be discarded in other ways than landfilling". Based on outcome of 
chapter 3 it is clear the separated disposed waste from the fragmentation facility lacked 
market acceptance, therefore it is reasonable to assume that the exemption is also applicable 
to the residues from sorted disposed waste just as “fresh” waste. Furthermore, in the disposed 
material, biodegradable organics have largely already become soil, while the remaining 
organic content in mainly plastics and rubber are relatively stable, which means that the risk 
for a collapsing landfill is low.  
    A third way to enhance the market potential of the disposed material is to change the 
institutional conditions, such as the Swedish guide limits for construction material. According 
the current guide limits, the masses from the landfill cannot be used as construction material, 
as demonstrated in chapter 3, neither to cover the landfill nor freely in construction works, 
due to high total concentrations of heavy metals. The Swedish limits for using waste in 
construction work are, however, significantly lower compared to many other countries such as 
the Belgian Flanders, exemplified in table 7. The reason for Sweden’s low limits are partly 
connected to our, by tradition, use of virgin material, e.g. gravel from crushed rocks, as 
construction material. This material is not only widely spread in the Earth crust, but also 
inexpensive and contains low levels of pollution. Other countries such as Belgium have less 
incidence of virgin material, which leads to higher dependency on secondary resources 
(waste) as construction material. Consequently, the Flemish limits on waste for construction 
are higher, although they are, for example, more dependent than Sweden of groundwater. If 
the Swedish guide limits for the use of waste as construction material would increase, waste 
would probably be used more frequently as construction material not only to cover landfills, 
but also in construction works. Thereby, Sweden would become less reliant on virgin 
materials, towards a circular economy. However, some of the fractions sorted from the 
fragmentation facility contains concentrations of cadmium, copper and lead exceeding also 
the Flemish limits. Hence, changing institutional conditions cannot replace the internal 
valorization of the material, but needs to go hand in hand. The comparison of the Swedish and 
Flemish limits also shows that market requirements may differ much between countries, 
therefore the developed framework should only with caution be used in other countries. 
 
Table 7. Swedish and Flemish guide limits for using masses as building material  
Metals Total concentration (mg/kg dry matter) 
 Sweden Belgium 
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Arsenic (As) 10 250 
Cadmium (Cd) 0,2 10 
Chrome (Cr) 40 1250 
Copper(Cu) 40 375 
Mercury (Hg) 0,1 5 
Lead (Pb) 20 1250 
Nickel (Ni) 35 250 
Zinc (Zn) 120 1250 
  References: Swedish EPA, 2010; Flemish Government, 2012. 
 
7. CONCLUSIONS  

The demand for materials is increasing, driven by a growing population and economy, which 
leads to a focus on unconventional resource stocks for example in the deep sea as well as in 
landfills. But parallel with this historical switch from easily accessible stocks to more 
inaccessible stocks, the market requirements have at the same time become stricter, with for 
example stringent requirements on the use of waste as construction material. In addition, the 
quality of buried and hidden material have over time deteriorated. This means that even 
though unconventional stocks is becoming in focus, it is not certain that the market can or 
wants to handle materials from for example landfills. In some favorable cases may however 
the landfill owner also own an incinerator or fragmentation plant, which makes it possible to 
deviate from market requirements and fine-tune the technology to extract at least one material 
fraction, i.e. metals, combustible or fines. 
    A problem with landfill mining is that even in the best cases, when some material from the 
landfill could be recovered, the outlet of the other materials would still be unpredictable, 
resulting in an unpleasant waste disposal problem, which easily prevents a landfill mining 
project altogether. The gate requirements of today are simply so high that it becomes unsure if 
the past waste, stored in the landfills, after excavation can even be returned to its grave, the 
last resort for waste according to the waste hierarchy when all other recovery options failed. 
Hence, there is a risk that disposed waste, neither can be defined as a resource; a human asset, 
due to the lack of marketability, nor defined as waste; a discarded material, since the 
concentrations of heavy metals exceeds the classification of waste. This means that deposited 
waste easily slips into a phase in-between being a resource and waste, an uncertain libido 
phase, with no place in the material classification, and risks of being as hidden and forgotten 
as the landfills.  
    Since every landfill is unique, with respect to for example material composition, 
ownership, size, age, and environment while market requirements for waste differ between 
countries, more research is needed before the market potential can be fully estimated. 
Although there is certainly a landfill out there with perfect conditions for extraction, e.g. in a 
dry climate, most pilot studies demonstrates nonetheless that market potential is missing and 
that the focus should urgently be visionary and propose changes and adjustments. However, 
not only legally and for example challenging the institutional conditions but also technically 
and, for example, develop processes to handle large amounts of heterogenic and moisture 
waste. The internal technologies need to be developed in parallel with external institutional 
conditions if the material we once tried to forget shall become interesting again. Otherwise 
there is a risk that the potential in landfills will in the foreseen future not be realized.  
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APPENDIX: A MARKET FRAMEWORK FOR SECONDARY RESOURCES 
 
As specified in the method, the gate requirements for disposal, construction materials and 
energy recovery are presented quantitatively in table 7, since there are general specifications, 
while the gate requirements for recycling are presented qualitatively in the following text as 
gate requirements are determined from case to case. 
 
Table 7. Overview of the input criteria in terms of total metal concentrations and leaching 
concentrations for disposal, construction material and energy recovery.  
 
 Disposal Construction material Energy recovery 
Total 
concentrations  

 Non-
hazardous 

Hazardous Construction 
works 

Landfill 
cover 

Waste CDF Cement 

Moisture wt%     25 18-47 8 
Ash wt%     20 20 1-2 
Chlorine, Cl wt%     1 1,5 0,8 
Sulfur, S wt%     0,6 1 0,7 
Fluorine, F wt%      0,03  
The nitrogen, N wt%      2,2  
TOC wt% 5 6      
Aluminum, Al wt%      1  
Iron, Fe wt%      5  
Manganese, Mn wt%     0,04 0,05 C 
Sodium, Na wt%      a  
Potassium, K wt%      a  
Copper, Cu wt%   0,004 0,01 0,07 0,15 C 
Zinc, Zn wt%   0,012 0,03  0,2  
         
Bromine, Br mg / kg      10  
Vanadium V mg / kg     10 300 C 
Chromium, Cr mg / kg   40,0 80,0 100 55 C 
Cobalt, Co  mg / kg     4 200 C 
Nickel Ni  mg / kg   35,0 70,0 40 500 C 
Lead, Pb  mg / kg   20,0 200,0 500 10 C 
Cadmium, Cd mg / kg   0,2 1,5 12 300 D 
Arsenic, As mg / kg   10,0 10,0 12 37 C 
Thallium, Tl mg / kg     3 1,1 d  
Antimony, Sb mg / kg     0,7 45 C 
Mercury, Hg mg / kg   0,1 1,8 3 1,7 2 
         
Heating value  MJ/kg     8-12 8,5-16 >17 
Material        b  
         
Leaching 
concentrations  

        

Arsenic, As mg / kg 2 25 0,09 0,4    
Barium, Ba mg / kg 100 300      
Cadmium, Cd mg / kg 1 5 0,02 0,007    
Chromium, Cr mg / kg 10 70 1 0,3    
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Copper, Cu mg / kg 50 100 0,8 0,6    
Molybdenum, Mo mg / kg 10 30      
Nickel, Ni  mg / kg 10 40 0,4 0,6    
Lead, Pb,  mg / kg 10 50 0,2 0,3    
Antimony, Sb mg / kg 0,7 5      
Selenium, Se mg / kg 0,5 7      
Zinc, Zn  mg / kg 50 200 4 3    
Chlorine, Cl mg / kg 15000 25000 130 11000    
Fluorine, F mg / kg 150 500      
Mercury, Hg mg / kg 0,2 2 0,01 0,01    
Sulphate, SO42- mg / kg 20000 50000 200 8500    

a < 2 wt% 
b <5 wt% Non ferrous metals, <2 wt% glass and <3 wt% inert  
c <2500 mg/kg  
d <15 mg/kg  
Refrences: Söderberg, 2014; Swedish EPA, 2010; Swedish EPA; 2004:10. 
 
For plastic recyclers, the plastics content must be as high as possible, at least over 90%, 
according Sundhall (2015). Plastic recyclers commonly accept both mixed plastic fractions 
(i.e. low and high density polyethylene, PET and polypropylene) and sorted plastic fractions. 
Plastic recyclers normally do not accept waste containing PVC plastic, hazardous waste, 
glass, metals and stones, as the sorting machines may damage. However, they have the 
possibility to handle plastic waste containing clay, wood, textiles and rubber. If the plastic 
recycler suspects a potential risk in the waste, lab analysis will be requested according 
Cannerborg (2015). The results from the lab analysis are then compared with the candidate 
list of REACH (EU parliament, 2009), containing limits for hazardous in finished products. 
The levels of many heavy metals (e.g. Pb, Cd, Hg and Cr) should be below 100 mg/kg 
according Cannerborg (2015). However, the limits are different depending on the type of 
hazardous (EU parliament, 2009). The limits are lower, for example, for cadmium, arsenic 
and mercury, but higher for iron (Cannerborg, 2015; EU parliament, 2009).  
    Rubber can be recycled through pyrolysis. Pyrolysis is a form of thermal degradation, 
which heats up the material in a closed, oxygen-free environment, without burning it, 
disintegrating the rubber into its original components, for example coal, oil and carbon black. 
The pyrolysis producer is interested only in homogeneous rubber fractions where the original 
type of carbon black can be identified (Hagbyhn, 2015). 
    Metal recyclers have commonly lower requirements than plastic and rubber recyclers. The 
waste fractions need of course to contain metals, but the accepted concentration depends 
largely on the type of metal, and the mixture of different metals. For example, higher iron 
concentration is required than copper concentration, due to different economic value. The 
recycling facilities for metals are not sensitive for non-metallic content in waste fractions, and 
could for example hold permission to handle hazardous waste (Lorentsson, 2015). However, 
the waste is not allowed to contain radioactive, infectious, pathological or corrosive 
substances. The presence of non-metallic substances such as hazardous waste may, however, 
add cost, as it must be deposited in special landfills, which means that the metal concentration 
must in such cases be considerably higher to be acceptable.  
 


