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Introduction

While classic mining is understood as the exploration, exploita-
tion, extraction and preparation of primary raw materials, urban 
mining is defined as those activities that use the city as a potential 
secondary raw material source (Fricke, 2009). Raw materials 
gained from these activities are primarily demolition materials 
(construction and demolition waste, metals, plastics, etc.) from 
the destruction of old buildings. In contrast, landfill mining is 
concerned with the organized mining of landfills. The landfill is 
considered as a source of raw materials and the recovery of valu-
able materials from landfilled waste is the focus of investigations 
(Bockreis and Knapp, 2011; Hölzle, 2010). The waste that was 
deposited in the past is excavated, processed and fed into a mate-
rial and/or energy recovery system. Only a non-recyclable waste 
fraction (i.e. stabilized biofraction) has to be deposited again. A 
list of known landfill mining projects can be found in, among 
others, Bothmann et al. (2002) and Bockreis and Knapp (2011).

The implementation of landfill mining projects greatly depends 
on the relationship between the capital used and different mone-
tary and non-monetary utilization factors. Therefore clear goal- 
and decision-making frameworks have to be designed. The 
achievement of these goals can only be assessed on a case-by-case 

basis with appropriate ecological and economic assessment tools 
(Frändegård et al., 2013). Integrated cost-benefit considerations, 
taking into account the interaction between, e.g. costs of landfill 
mining, savings during closure/aftercare, revenues from the 
recovery of land (land recycling) and the generation of secondary 
raw materials or the saving of emission certificates by reducing 
greenhouse gas emissions have not been carried out, or not in a 
sufficient extent (Fricke et al., 2012). To date, for example, only 
individual cost and revenue items for landfill mining are available 
for profitability calculations and no standardized assessment tools 
exist for a comprehensible ecological/economic assessment of 
landfill mining projects (Bernhard et al., 2011; Bölte and Geiping, 
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2011; Rettenberger, 2012b). But in order to develop assessment 
tools, the necessary fundamental data must be gathered, influenc-
ing factors must be examined and system boundaries must be 
defined. Subsequent articles will deal specifically with this issue.

Landfill mining – why?

Owing to the globally very uneven distribution of raw materials, 
the EU is heavily dependent on imports, which is why a (more) 
efficient use of secondary raw materials will become an impor-
tant task in the future. In addition, the availability of naturally 
occurring fossil fuels, metals and minerals is not unlimited and 
the worldwide increase in raw material consumption causes sus-
tained price increases on the international markets (Franke et al., 
2011). For example, according to a study by the Fraunhofer 
Institute for Systems and Innovation Research (Angerer et al., 
2009), different technologies will give a strong impetus to the 
demand for raw materials in the future. Table 1 shows how the 
annual global demand of selected raw materials will develop for 
specific technologies in the future.

It becomes clear that the annual demand for the listed raw 
materials will rise very steeply by 2030, even in very small and 
specific future (high-tech) technology sectors. Based on these 
numbers and the fact that demand will develop in a similar man-
ner in other technology sectors (Kretschmer, 2010), the closing 
of material cycles and the opening of new secondary raw mate-
rial sources will be a significant contribution to securing 
resources.

For this reason, in 2011 the European Commission (European 
Commission, 2011) published a statement that is included in  
the “Resource Efficient Europe” flagship initiative within the 
“Europe 2020 Strategy”. The basis for this statement is the 
“Raw Materials Initiative 2008” (European Commission, 2008), 
which developed a raw materials strategy for the European 
Union, which rests on three pillars. One of these pillars deals 
with the increase in resource efficiency and recycling in order 
to decrease the primary raw material consumption in the EU 
and reduce their dependence on imports. For example, the recy-
cling shares of non-ferrous metals (Zn, Pb, Al and Cu) in global 
production of the industrialized countries in 2011 ranged from 
10 to >50% (Graedel et al., 2011) (Figure 1) and therefore still 
offer great potential for recycling activities. In addition to the 
theoretical potential, the recoverability of metals is an essential 
factor influencing an economic assessment of landfill mining.

With this in mind, efficient use of valuable materials and 
energy from landfill mining projects can be an important pillar 
of sustainable resource management in the future (Jones et al., 
2013). Especially in landfills where untreated waste was depos-
ited in the period from 1960 to 2004, potential, economically 
recyclable materials were found in addition to pollutants and 
these can be re-used in times of scarce geogenic raw materials 
and fossil fuels (Bernhard et al., 2011). Mainly owing to the 
increased demand for secondary fuels (e.g. plastics) as a possi-
ble substitute for fossil fuels (e.g. oil, coal, natural gas), the 
above-mentioned trend of rising raw material prices and the 
globally increasing shortage or demand for certain raw materials 

Table 1. Global demand of individual raw materials for selected technologies of the future in tonnes (Angerer et al., 2009).

Raw material Demand in 2006 Demand in 2030 Future technologies

Copper (Cu) 950 1700 Lead-free soft solders
 1,400,000 3,470,000 Industrial electric motors
 50 9100 RFID tags
 0 2270 High-temperature superconductivity
 9000 213,000 Electric traction motors for hybrid and fuel cell vehicles
Total 1,410,000 3,696,070  
Silver (Ag) 5100 9300 Lead-free soft solders
 1 44 Solar thermal power plants
 0 28 Displays
 210 518 Microelectronic capacitors
 30 250 Nanosilver
 1 5670 RFID tags
 0 14 Dye solar cells
Total 5342 15,824  
Aluminum (Al) 68 350,000 Double layer capacitors
 6 3900 RFID tags
 469 1760 Desalination
 85 757 Solid-state lasers
Total 628 356,417  
Iron (Fe) and steel 21,400,000 27,000,000 Bodywork of vehicles
 29,700 112,000 Desalination
 10,250,000 31,200,000 Preparation of computer tomographs
 10,800 59,450 High-performance permanent magnets
Total 31,690,500 58,371,450  

RFID: radio-frequency identification.
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(e.g. metals), landfills are increasingly becoming the focus of 
interest as possible raw material deposits for economic reasons 
(Krutzler et al., 2012).

Studies by Nispel (2012) showed a comparatively high poten-
tial of iron and non-ferrous metals in a municipal solid waste 
landfill in Germany (Hechingen county landfill), for example. 
2.8 weight-% (wgt.-%) of ferrous metals and 0.6 wgt.-% of non-
ferrous metals were found there. Similar values are also named 
by Rettenberger (2012b), where studies of two landfills resulted 
in an average of 1.2 wgt.-% or 3.5 wgt.-% ferrous metals. This 
number means a theoretical potential only; in addition the recov-
erability of metals is an essential factor influencing an economic 
assessment of landfill mining.

For German landfills, the summary of raw material potential 
of approximately:

•• 26 million tonnes of iron scrap (318 kg per inhabitant, equals 
the specific consumption of 0.7 years);

•• 0.85 million tonnes of copper scrap (10 kg per inhabitant, 
equals the specific consumption of 0.4 years);

•• 0.5 million tonnes aluminum scrap (6 kg per inhabitant, 
equals the specific consumption of 0.4 years); and

•• 0.65 million tonnes of phosphates (8 kg per inhabitant, equals 
the specific consumption of 5 years);

applies (Franke et al., 2010). The specific consumption data are 
taken from (Huy et al., 2013). The current Landfill Mining 
Austria project, which is described in the following section, will 
investigate this raw material potential for Austria.

Landfill Mining Austria – Pilot Region Styria

Since subsequent versions refer in part to the underlying data of 
the “Landfill Mining Austria – Pilot Region Styria” Austrian 
pilot project, this project will be briefly discussed here.

In the “Landfill Mining Austria – Pilot Region Styria” project, 
basic technical and economic knowledge about the “mining” of 
landfills was obtained for the first time in Austria. Owing to the 
geological, waste-related and environmental facts (existing vari-
ety of mechanical–biological waste treatment, incineration and 
landfill technologies), as well as the site-specific vicinity, Styria 
was defined as the “pilot project region”.

Based on research results available so far, the main goal of 
this project is to develop an improved basis for decision-making 
for future landfill mining projects focussing on economic viabil-
ity of the deconstruction of landfills. To get a reliable result it is 
important to consider the ban on landfilling of untreated waste 
since 2004 (in exceptional cases, 2009). In the course of this pro-
ject, the technical possibilities, theoretical resource potential, 
quality restrictions and economically sensible types of recycling 
and process risks are reviewed based on theoretical and scientific 
foundations. An important part of the project is the identification 
of basic data and the development of several assessment criteria 
for an integrated economic and ecological evaluation of landfill 
mining projects in Austria.

For landfill mining, only such landfills are attractive that have 
a high percentage of usable recyclables, such as metals and 
energy resources (e.g. high calorific fractions) compared with the 
total amount of waste deposited at the site. This category includes 
landfills from the 1960s until 2004 in which household and 
industrial waste, as well as inert waste, were partly deposited 
without pretreatment. In such landfills (municipal waste/house-
hold waste landfills), large quantities of raw materials in the form 
of municipal waste, sludge or building material waste are some-
times stored (Gäth and Nispel, 2010). Small municipal landfills, 
with a landfill capacity of less than 100,000 m3 in volume, are 
less suitable for landfill mining projects owing to lower depos-
ited waste quantities and the associated lower recyclable material 
potential, because in these cases, cost-effective mining is usually 
not possible (Bernhard et al., 2011). Afterwards, only for the 

Figure 1. Recycled share for the individual metals in global production (Graedel et al., 2011).
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landfill mining, suitable landfills in Styria are extensively dis-
cussed. Therefore, out of in total 147 landfills, 81 are still in 
operation (2013), and the remaining 66 have been already closed. 
In Table 2 the classification of landfills in the appropriate landfill 
(sub-)categories for the Styria region (Province of Styria, 2013) 
is shown.

As already described, residual waste and mass waste landfills 
are especially suitable for the consideration of mining. As the 
economic efficiency of mining is largely determined by the 
amount of recyclable materials, the main focus of the landfill 
mining project is set on large mass waste landfills and landfill 
capacities with a minimum capacity of 100,000 m3. Based on 
this, in Styria, 18 landfills are suitable for mining (see Table 3) 
(Province of Styria, 2013).

To get an overview of the total waste landfills in Austria, 
waste quantities, arranged by waste type (i.e. waste code), were 
collected for the period 1998–2007 based on evaluations of the 
landfill database by Umweltbundesamt GmbH. The 74 mass 
waste landfills operated in this period of time yielded in total of 
around 25.5 million tonnes of waste, and the 35 residual waste 
landfills yielded, in total, around 6.4 million tonnes. With 41%, 
household and bulky waste represent the greatest proportion of 
waste deposited in mass waste landfills, followed by excavation 
materials (16%), residues from mechanical–biological waste 
treatment and shredders (14%), as well as residues from thermal 
treatment of waste (11%) (Bernhard et al., 2011).

Based on this data, it was decided that the possibility for min-
ing of mass waste landfills, and not residual waste landfills, 
would be examined in the project “Landfill Mining Austria”. In 
Styria, there are currently 7 mass waste landfills in operation, 

while 18 are already closed and inoperative (as of 2012). It is 
assumed that the recyclables to be recovered will mainly be 
found in untreated municipal waste and similar industrial waste.

Materials and methods

In principle, the approach of a material flow analysis was used as 
the basis for an integrated economic/ecological assessment of 
landfill mining projects in sub-areas (Austrian Water and Waste 
Management Association, 2003). A fundamental objective was 
defined as the “generation of base data for an integrated eco-
nomic/ecological assessment of landfill mining projects”.

Based on this, the definition and accounting of landfill mining 
systems or landfill systems used for comparison was carried out. 
These include, in particular, the spatial and temporal system bound-
aries, the individual processes in the system, material and goods 
flows, as well as the definition or identification of subsystems that 
may be present within the system boundaries (Beckmann et al., 
2012; Gohlke, 2006). Specifically, the definition of spatial and tem-
poral system boundaries must be assigned very great importance, 
since this can greatly affect the outcome of a subsequent economic 
and environmental evaluation (Ortmann und Döberl, 2010).

In addition, for landfill mining projects, their influencing fac-
tors need to be examined and quantified in advance (van Passel 
et al., 2013). For this purpose, the environment of such projects 
was considered in detail in the first step of the investigation and 
all aspects that could have a relevant impact on the implementa-
tion were identified. Only a full accounting of all influencing fac-
tors ultimately guarantees a reliable assessment result.

Results and discussion
Definition of the spatial system boundary, 
processes, goods and materials

An examination of the spatial system boundary of a landfill mining 
project results in very different levels of observation. Depending 
on the perspective, different availability and quality of data and 
information are available from the landfill operators. Furthermore, 
spatial system boundaries affect the complexity and cost of provid-
ing the data and the level of detail with which it should be included 
in the calculation. Therefore, a clarification must be made concern-
ing which processes and processing steps related to landfill mining 
must be considered. So, it is crucial which sorting, processing and 
treatment steps can be carried out by the landfill operator at the site 
itself, or whether external systems must be used outside the landfill 
site. If this is the case, additional data and information on, for 
example, the transport and utilization of third-party systems, is to 
be included in the considerations. Another aspect that must be con-
sidered in the spatial system boundaries is the refilling of exca-
vated landfill waste that cannot be recycled and, at best after 
pretreatment, must be re-deposited. Depending on whether the re-
deposition must be at the deconstructed landfill site itself or in an 
external landfill, different framework conditions must be taken 
into account.

Table 2. (Sub-)Categories and number of landfills in Styria 
(Province of Styria, 2013).

Landfill (sub-)categories Number of sites in Styria

Excavated soil landfill 62
Landfill for inert waste 1
Demolition and 
construction waste 
landfill

48

Residual waste landfill 11
Mass waste landfill 25
Total 147

Table 3. Capacity distribution of mass waste landfills in 
Styria (Province of Styria, 2013).

Volume [in m3] Number of 
sites in Styria 
– operational

Number of 
sites in Styria 
– closed

<25,000 0 2
>25,000–100,000 0 5
>100,000–1,000,000 5 10
>1,000,000 2 1
Total 7 18
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Based on the investigations, all the necessary process steps 
for the definition of the spatial system boundary are taken into 
account for the present landfill mining project in Austria that 
are necessary, from preparing, processing and sorting, to pro-
viding a marketable material/product by the landfill operator. It 
is irrelevant whether these process steps are carried out on-site 
or at an external location. It is important, however, that specifi-
cations on quality requirements from secondary raw materials 
and alternative fuel markets are available for these materials 
and products. For example, calorific properties and the amount 
of heavy metals and chlorine determine the suitability of the 
high-caloric fractions as substitute fuels (Nispel, 2012). Quality 
requirements are necessary to provide landfill operators with 
planning security for required process steps for manufacturing 
a marketable, quality-assured existing substance. Figure 2 
shows the possibilities of the spatial system boundary for land-
fill mining projects in Austria.

The choice of the spatial system boundary for landfills in the 
closure/aftercare phase without landfill mining is not a challenge, 
in contrast to the temporal boundary, and can be seen in Figure 3. 

Definition of the temporal system 
boundary

The definition of the temporal system boundaries in landfill min-
ing projects and landfills greatly influences the results  
of a subsequent economic and environmental assessment. For 
this reason, different landfill phases and their duration, which are 
of importance for such projects, are described and defined here.

According to the Austrian Landfill Ordinance of 2008 (Federal 
Ministry of Agriculture, Forestry, Environment and Water 2008), 

the aftercare phase of a landfill begins with the indicated end of 
waste disposal and ends with the official finding that no aftercare 
action is required. This is the case when a landfill is no longer 
expected to be a risk for humans and the environment (Laner 
et al., 2011).

As a calculative basis for the assessment, 30 years are set of 
the financial deposit for the enforcement costs for mass waste 

Figure 2. Spatial system boundary for landfill mining projects in Austria.

Figure 3. Spatial system boundary for landfills in the 
closure/aftercare.
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and residual waste landfills in accordance with the Landfill 
Ordinance of 2008. If biodegradable waste, especially mixed 
municipal waste, was disposed of at a certain landfill, the calcula-
tive period is 40 years.

It should be noted that the actual duration of the aftercare 
period from the end of the deposition phase is not limited as a 
matter of law, but after assessing the criteria “if risk for humans 
and the environment is no longer to be expected for this 
landfill”.

According to Laner and Fellner (2012), site-specific factors 
play a crucial role in the estimation of required landfill aftercare 
periods. These works resulted in aftercare periods of 30–560 years 
for three already-closed solid-waste household landfills depend-
ing on different aftercare concepts. The decisive factor for deter-
mining the aftercare period at solid-waste household landfills is 
leachate emissions. Other periods specified in the literature for 
reactive and already-closed household waste landfills in this con-
text are 30–80 years (Burkhardt and Egloffstein, 2005) or 10–
50 years (Stegmann et al., 2006). Based on these considerations, 
infinite aftercare lives must sometimes be assumed depending on 
the site. Since this cannot be calculated economically, a project-
specific realistic follow-up period of 40 years for landfills is 
defined in order to enable the comparison with a landfill mining 
project. This approach is based on the statutory calculative 
approaches for determining financial securities for mass waste 
landfills with high amounts of non-treated municipal waste, in 
accordance with Appendix 8 of the Landfill Ordinance of 2008. 
Since deposits made before the ban of untreated waste in 2004 (in 

exceptional cases 2008) are considered in this project, landfill 
mining is considered until the year 2048 at the latest.

Described periods and landfill phases, as has already been 
mentioned, have a significant influence on the necessary defini-
tion of the temporal system boundary for an economic/ecological 
assessment of landfill mining projects. A number of time- 
dependent parameters must be taken into account in this context. 
Residues and their qualities recovered from the disposal site, 
which are highly dependent on the duration of deposition, play a 
major role. If one considers, for example, the degree of corrosion 
of metals present in the disposal site, it can be seen that this can 
strongly influence the attainable prices on the raw materials mar-
kets. Another aspect is the water content in the residue, which 
makes further processing more difficult and also depends on  
the duration of the deposition. The temporal fluctuations and 
developments of achievable secondary raw material and fuel 
prices that can be obtained on the market are directly linked to 
this. These decisively influence the revenues and thus directly 
affect the results of an economic evaluation.

Influencing factors for an integrated 
assessment of landfill mining projects

The result of this investigation is a list of relevant influencing fac-
tors that are structured into different groups in a later step. The 
classification of these groups is done in terms of economic, eco-
logical, technical, organizational and political and legal factors, 
which thereby facilitates the further structured approach. Figure 4 

Figure 4. Comparison of influencing factors on landfill mining and closure/aftercare of landfills.
ALSAG (Altlastensanierungsgesetz): the ALSAG stipulates a landfill tax depending on the quality of waste.
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shows a summary of different influencing factors for landfill min-
ing projects and landfills in the aftercare or closure phase in 
Austria.

Economic influencing factors

Economic influencing factors are usually cost and revenue items 
that correlate directly with other influencing parameters and 
allow an assessment of the economics of landfill mining projects 
(Gosten, 2009). The DWA (German Association for Water, 
Wastewater and Waste) “Deconstructing Landfilled Waste”, 
among others, lists following cost and revenue items:

Cost items (DWA German Association for Water, Wastewater 
and Waste e.V., 2012).

•• Planning and approval of the mining action, including all 
opinions and evidence.

•• Mining of the landfill surface seal and the gas collection 
system as well as intermediate storage of re-usable 
materials.

•• Preparatory and accompanying measures to limit emissions 
and for protecting employees during waste removal.

•• Preparatory measures for the proper recovery, protection and 
disposal of hazardous waste.

•• Waste removal and loading, including rough sorting (excava-
tor sorting) for the separation of waste and soil, as well as for 
separation of coarse contaminants and hazardous waste.

•• Transport and disposal costs for hazardous waste, if appropri-
ate for different systems with different types of waste.

•• Transport of recyclable portions of the landfill material for 
further processing (sorting, treatment, etc.).

•• Further processing (sorting, treatment, etc.) of the removed 
waste in different plants if appropriate.

•• Sampling, analysis and review of all treatment products 
according to the assignment values.

•• Market observations on the profit-oriented marketing of the 
marketable material (price on the raw material markets, qual-
ities of the residues, etc.).

•• Basic or intermediate cover (if raw materials are stored 
again).

•• Removal, for example, refilling of non-recyclable waste.
•• Construction of a new landfill surface seal (if non-recyclable 

residues are redeposited at the site).
•• Emission and immission monitoring (soil, water, air).
•• Mining, clean-up and marketing of cleared landfill sites.
•• Compensating measures for residents and neighbors.
•• Levy imposed on the landfilling of waste (ALSAG) for 

depositing residues from landfill mining or possibly other 
contributory activities in the scope of landfill mining.

Revenues/cost savings (DWA German Association for Water, 
Wastewater and Waste e.V., 2012).

•• Revenue from the recovery of secondary raw materials and 
fuels (scrap iron, non-ferrous metals, high calorific fraction, 

etc.) depending on their qualities and prices on the raw mate-
rial markets.

•• Recovery of landfill space and surface – extension lifetime of 
landfills or new use of the recovered area – land recycling.

•• Recoveries from already-paid levy imposed on the landfilling 
of waste (ALSAG).

•• No need any more for provided financial securities (Bagin, 
2012).

•• No costs for monitoring any longer.
•• No costs for operation of the mined landfill any more.

In addition to the listed cost and revenue items, future cost sav-
ings that can be achieved through landfill mining must also be 
included in the considerations. These include clean-up of landfill 
sites that will no longer be necessary in the future and the setting 
free of the provided financial securities which were given. Thus, 
landfill mining would, at best, render clean-up of old landfill sites 
superfluous, the landfill phases would be reduced and existing 
provisions could be dissolved.

Ecological influencing factors

Ecological factors that have a negative impact on landfill mining 
can be emissions into the air, soil and water that are caused by 
excavating the landfill, preparing the landfill material and neces-
sary transport measures. Ecological factors with beneficial 
effects can be the removal of pollutants from the landfill, the 
renaturation of landfill space or the removal of a source of danger 
(e.g. hazardous landfill waste) and the clean-up of a contami-
nated site (Schulte, 2012).

Technical influencing factors

The fundamental ability to deconstruct a landfill site depends 
heavily on the technical influencing factors and primarily affects 
excavating, sorting (pulping, conditioning/packaging and sort-
ing) and the preparation of landfill material (Pretz and Garth, 
2012; Rettenberger, 2012a). If, for example, only part of a land-
fill is deconstructed by landfill mining, necessary adjustment 
measures of the remaining landfill must be made to make it state-
of-the-art (this can even involve re-construction of the landfill).

Organizational influencing factors

Organizational influencing factors on landfill mining projects 
are defined as operators, owners and neighboring structures of 
landfill sites, which are considered in order to account for the 
influence of persons, groups or institutions on such projects 
(Milosevic and Naunovic, 2013).

Landfill owners or property owners are classified as public or 
private owners on the basis of the criteria listed below. Public 
ordering parties of landfill mining projects, in contrast to private 
ordering parties, are obligated to announce orders with different 
threshold values to the public, for example in accordance with the 
Federal Procurement Act of 2006 (Federal Chancellery, 2006).
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Furthermore, financial security for the maintenance, closure as 
well as decommissioning and aftercare of landfills can be created 
for a public operator by a declaration of liability from a local 
authority or a water and waste management association. In con-
trast, a guarantee or declaration of liability for the financial secu-
rity of the measures mentioned above (with the exception of a 
bank guarantee or insurance) is not permitted by private landfill 
operators (Federal Ministry of Agriculture, Forestry, Environment 
and Water, 2010).

The following landfill owner or ownership structures can be 
cited for Austria.

•• Countries, public.
•• Municipalities, public.
•• Waste management associations, public.
•• Private Public Partnership (PPP) models with public–private 

cooperation.
•• Companies, private.

Another important organizational influencing factor is the neigh-
boring structure. It decides what form a possible re-use of land 
recovered through landfill mining can take (land recycling). It 
could, for example, be used as an industrial plot, or even re- 
designated as a building site or agricultural land in the future.

Political and legal influencing factors

Political influencing factors can have a significant role in the suc-
cess of landfill mining projects. For example, requirements for 
action against odor, noise and dust pollution, support measures or 
bureaucratic efforts to implement such projects play a major role.

The political and legal framework, especially for landfill 
mining taking into account the recovery of recyclable materials 
from landfills, currently leads to strong uncertainties at the 
European (Elger, 2013) and national level. In Austria, there is a 
dense legislative network that regulates the licensing, operation, 
closure and aftercare of landfills, but for landfill mining no 
material legislation exists yet. Waste legislation in Austria does 
not include administrative regulations that prevent landfill min-
ing, i.e. mining of closed landfills, especially since the landfill is 
defined as a plant that is built or used for the long-term deposit-
ing of waste and thus opening closed landfills for purposes other 
than for clean-up of contamination is by definition not permit-
ted. There exists no defined legal framework for landfill mining 
projects yet.

Mutually influencing factors

A challenge in the study of influencing factors is their influence 
on each other. For example, the existing legal framework affects 
economic considerations with regard to performing landfill min-
ing projects in different ways.

In this context, a classification of the deposits that can be con-
sidered for landfill mining into “dumped before 1989” and 
“dumped after 1989” makes sense, since deposits in landfills 

before this defined year were not yet subject according to the 
conditions of the Altlastensanierungsgesetz (ALSAG) (Austrian 
Federal Ministry of Agriculture and Forestry, Environment and 
Water, 2013). If waste that was deposited before 1989 is exca-
vated and treated during landfill mining, levy imposed on the 
landfilling of waste (ALSAG) taxes might need to be calculated 
for the treatment itself but also for the remainders resulting from 
the treatment of such waste. The tax law questions concerning 
landfill mining are very complicated and cannot be accurately 
estimated according to the current legal situation in Austria. An 
individual case study should be done depending on the concept 
that underlies the recovery of existing substances. Relevant ques-
tions are as follows.

•• Has a levy imposed on the landfilling of waste (ALSAG) 
already been paid for the deposited waste?

•• What amount was paid for the levy imposed on the land-
filling of waste (ALSAG) (the question is whether a differ-
ence between the original and current level of tax must be 
paid)?

•• Whether and in what form was the processed/prepared/sorted 
waste changed?

•• Whether a final contributory activity was performed with the 
residues from waste treatment (e.g. dumping of waste in a 
landfill body, incineration of waste, production of fuel prod-
ucts from the waste, etc.) (Austrian Federal Ministry of 
Agriculture and Forestry, Environment and Water, 2013) and 
if so, which?

If waste is treated, for which no levy imposed on the landfilling 
of waste has yet been paid, and this is then taken to the landfill, 
it is doubtful whether there can ever be a tax-free rearrange-
ment. In most cases, waste for which no tax was paid was 
deposited prior to 1989, and it is questionable whether landfills 
attributable to this period are permitted even when technical 
adjustments are made for a renewed dumping of waste, or 
whether it is not a completely new situation that is to be reas-
sessed in terms of tax law. Figure 5 illustrates the described 
relationships.

Based on these interrelations, it can be seen that prior legal 
certainty is of great importance for project applicants of landfill 
mining projects; legal security is a prerequisite for a complete 
economic calculation in order to be able to make a serious eco-
nomic feasibility study of a landfill mining project (Sanden und 
Schomerus, 2012).

Conclusions

Until today, only individual economic factors, such as cost and 
revenue items as well as technical specifications or requirements, 
are available for an integrated and traceable ecological/economic 
assessment of landfill mining projects, but no standardized 
assessment tools exist. Influencing factors, such as land recy-
cling, re-use scenarios, price fluctuations on the secondary raw 
material markets, operating structures or synergies and costs 
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saved in aftercare, were not taken into account, or not to a suffi-
cient degree. But in order to develop these assessment tools, the 
necessary foundations and influencing factors and system bound-
aries must be examined and system boundaries must be defined 
in advance. The necessary approach may be that of a materials 
flow and goods flow analysis.

The definition of the spatial and temporal system boundaries 
significantly influences both the selection of the assessment 
instrument and the result of the subsequent evaluation. Basically, 
it must be assumed that, although spatial system boundaries are 
defined, no generally accepted temporal system boundaries can 
be defined. These must be determined individually based on the 
project and the conditions adjusted on-site. A simple classifica-
tion of the landfill with regard to, for example age, type of cover 
or seal, performed before landfill mining appears quite reasona-
ble and can facilitate a definition of the system boundaries.

Basic economic, ecological, technical, organizational or polit-
ical and legal factors must be taken into account for landfill min-
ing projects. However, their interrelation necessitates an 
integrated and complete investigation within the defined project 
system boundaries.

In principle, based on the research results described in this arti-
cle, there is a need for a number of different research projects in 
several directions. A great need exists in the area of quantification 
of the different influencing factors defined in this article. The 
aggregation of individual factors within groups (e.g. economic) 
and multidimentionality across the five groups of influencing fac-
tors also create some research questions that need to be clarified. 
Another focus in the future should be placed on the evaluation, 
selection, adaptation or development of appropriate integrated 
economic/ecological assessment tools for landfill mining pro-
jects. The validity check of these assessment tools based on real 
data and the review of the required quality and quantity of input 
data to obtain usable results constitute further research needs.
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