
 

 

  

  

How to evaluate (enhanced) landfill 
mining: A critical review of recent 
environmental and economic 
assessments 
  

Joakim Krook, Niclas Svensson, Steven Van Passel and Karel Van Acker 

 

 

Conference article 

 

 

Cite this conference article as: 

Krook, J., Svensson, N., Van, S., Van, K. How to evaluate (enhanced) landfill mining: 
A critical review of recent environmental and economic assessments, In Tom, P. 
(eds),Proceedings of the 4th International Symposium on Enhanced Landfill Mining, 
2018, KU Leuven; 2018, pp. 317-332. ISBN: 9789082825909 

Copyright: KU Leuven 
 

The self-archived postprint version of this conference article is available at Linköping 
University Institutional Repository (DiVA): 
http://urn.kb.se/resolve?urn=urn:nbn:se:liu:diva-152872 

 
 

 



4th International Symposium On Enhanced Landfill Mining  |  Mechelen  |  05-06/02/2018 1 

How to evaluate (Enhanced) landfill mining: a critical 
review of recent environmental and economic assessments 

Joakim KROOK1, Niclas SVENSSON1, Karel VAN ACKER2, Steven VAN 
PASSEL3, 4 
1 Department of Management and Engineering, Environmental Technology and 

Management, Linköping University, SE-581 83 Linköping, Sweden. 
2 Department of Materials Engineering, KU Leuven, BE-3001 Leuven, Belgium. 
3 Department of Engineering Management, Faculty of Applied Economics, University of 

Antwerp, BE-2000 Antwerp, Belgium. 
4 Centre for Environmental Sciences, Hasselt University, BE-3500 Hasselt, Belgium. 

Introduction 

Landfill mining has been proclaimed as an alternative strategy to address unwanted 

impacts of waste deposits1,2. In real-life projects, such excavation and processing of 

deposited waste has mainly been used to facilitate traditional objectives such as 

remediation, land reclamation or creation of landfill airspace3. A key target of recent 

landfill mining research is however to go beyond this type of local motives and 

enhance the recovery of materials and energy resources by developing advanced 

processing technologies4,5. Although such an ambitious approach clearly displays a 

wider societal potential, it also adds complexity to the implementation and 

assessment of pros and cons of landfill mining.  

 

Recent reviews display multiple challenges for sound implementation of landfill 

mining in terms of further development of know-how and technology as well as a 

better understanding of influencing policy and market conditions3,5. In essence, the 

field suffers from a deficit in knowledge about how resource recovery from landfills 

could be executed cost-efficiently together with clear societal benefits. An important 

barrier for the development of the area is the so far often speculative nature of 

research using models with a wide range of real-life assumptions. Besides a few, often 

small-scale pilot trials, there is a general lack of empirical knowledge regarding real-

life implications and consequences of landfill mining implementation. However, also 

the mere complexity of such resource recovery initiatives contributes to this 

situation. For instance, the economic and environmental impacts of landfill mining is 

influenced by a large number of site-specific, technical, organizational, policy and 

market factors and conditions6. Understanding how all these influencing elements 

interact and jointly contribute to the outcome is indeed a challenging endeavour.   

 

For any emerging concept, systems analysis methods could be useful for assessing 

the potential and feasibility of various solutions, and for guiding knowledge and 



2 4th International Symposium On Enhanced Landfill Mining  |  Mechelen  |  05-06/02/2018 

technology development towards critical factors for implementation7. Initially, 

however, the usefulness of applying such assessment frameworks is often restricted 

due to several unresolved empirical and methodological challenges8. When it comes 

to landfill mining, quite a few economic and environmental assessments have been 

conducted during recent years but there is not yet any systematic synthesis of this 

body of knowledge. It is thus useful to review the main findings of these studies, the 

consistency of their applied methodologies and to what extent they have contributed 

to the further development of the field. 

Aim and scope of the study 

This study involves a review of recent economic and environmental assessments of 

landfill mining. By analysing their main contributions and weaknesses, our aim is to 

provide guidance on how such assessment frameworks could be further developed 

and used to better support knowledge and technology development within the area. 

The review is structured according to the following research questions:  

 

- What can we learn from the conducted assessments about critical factors and 

conditions for implementation and performance of landfill mining? 

- How have the assessments been realized in terms of methodological choices and 

principles and which are the implications on their validity and usefulness? 

- Which are the key empirical and methodological challenges for assessment of 

landfill mining and how could these challenges be addressed in future research?   

 

The selected literature targets research in which the full value-chain of landfill mining 

has been assessed in specific case studies, i.e. LFM scenarios. In order to avoid too 

much overlap with previous reviews within the field, only assessments published 

after 2010 were included. In the first step of the review, we focused on the empirical 

findings of the different case studies by simply summarizing their main results with 

special emphasis on identifying re-occurring critical factors for performance. The 

second part of the review is more analytical. Here, we used state-of-the-art 

knowledge from systems analysis theory to assess strengths and weaknesses of the 

methodologies applied in the assessments. This benchmarking exercise was primarily 

conducted to specify the validity and usefulness of the obtained results and 

structured according to key elements of any economic and environmental 

assessment, i.e. modelling principles, scenario development and procedures for 

handling of parameter data. Finally, our findings were put in relation to previous 

research on conditions for implementation of emerging concepts such as landfill 

mining. This concluding discussion targets the usefulness of systems analysis as a 

learning tool for guiding the further development of emerging concepts and 

highlights key empirical and methodological challenges to be addressed in future 

research.   
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Characteristics and main results of the reviewed economic and 
environmental assessments 

In total, 12 articles published during the period 2013-2017 were selected for review. 

Five focus on economic assessments 9–13, two focus on environmental impacts14,15 

while the rest involve studies addressing both topics16–20, Table 1. Most of the studied 

landfills are municipal solid waste (MSW) deposits, which could be regarded as small 

to medium sized in a European context, i.e. containing 0.1 to 2 million tonnes of 

deposited mass. Worth noting is that one of the large-sized deposits, the REMO 

landfill in Belgium, with about 16 million tonnes of waste, has been the case for 

several of the reviewed assessments16,18,20. Virtually all of the studies include 

somewhat of a reference case displaying “business-as-usual” if the landfill in question 

is not to be mined. This reference serves as a benchmark to which the environmental 

impacts and economics of landfill mining are contrasted. Do-nothing (implying no 

further actions or costs) or final closure and aftercare represent the two most 

common reference cases.   

 

The lack of knowledge and experience from full-scale projects is apparent, meaning 

that most of the studies involve ex ante assessments of landfill mining scenarios 

developed from expert judgements or, less commonly, small-scale pilot trials. Only 

one of the studies is an ex post assessment of a realized, full-scale landfill mining 

project10. When it comes to the material processing schemes, the assessments are 

quite evenly distributed between scenarios based on mobile separation 

units9,10,13,15,19 and more advanced sorting plants12,14,16–18,20. The subsequent 

treatment and recovery of separated energy carriers and materials often follows 

state-of-the-art waste management practices in the different countries. However, for 

waste-to-energy, some main differences can be found among the studies in terms of 

employed technologies (i.e. waste incineration and plasma gasification) and the 

organization of related costs and benefits (i.e project internal and external thermal 

treatment of refuse-derived-fuel, RDF).  

Important processes for economic and environmental performance 

The results from the economic assessments imply that the choice between project 

internal or external thermal treatment of extracted RDF has overarching implications 

on cost and benefit profiles. In projects where such fuel is sent to external Waste-to-

energy plants, process-related (e.g. labor, energy, auxiliary materials and 

maintenance of employed processing lines) and material flow-related (e.g. gate fees, 

disposal costs and transports of extracted materials) cash flows are reported as the 

main expenditures. Also in projects involving internal thermal treatment, these main 

processes remain significant but capital investments and operational expenditures 

related to the (new) Waste-to-energy plant then typically dominate the cost profile. 
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Table 1: General description of reviewed articles. For the net results, only climate impacts are presented for the environmental assessments. 
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Regardless of employed waste-to-energy (WtE) approaches, the total project cost of 

the different cases is virtually always significantly higher than anticipated revenues 

for separated materials and energy resources12,13,17–20. Here, a fundamental problem 

is that in most current markets only a small share of the processed resources will 

generate any significant income (i.e. metals) while the remains will involve low 

revenues (e.g. aggregates) or, even worse, disposal costs (e.g. gate fees for RDF, 

disposal of fines and mixed residues). This market situation is also why some studies 

conclude that the employment of more advanced and thereby expensive material 

separation plants do not pay-off financially. Indeed, approaches that involve internal 

thermal treatment of RDF extend the material-flow related revenues beyond sales of 

metals to also including income from generated heat and/or electricity. However, 

such increased revenue streams are typically followed and surpassed by a massive 

need for financial investments and/or increased operational costs. Several studies 

therefore conclude that the cost-efficiency of internal thermal treatment approaches 

relies on governmental support in terms of, for instance, green energy certificates 
11,16–18,21 and/or investment subsidies. 

 

Despite previous reviews of landfill mining stress the importance of in-direct benefits 

in terms of reclaimed land, landfill airspace or avoided closure and aftercare, the 

conditions for such benchmarking costs and revenues are often poorly described in 

the assessments or not even accounted for. When properly included, their 

importance range from insignificant to being the main economic driver dependent 

on case specific settings. Given the above-described markets for secondary 

resources, it is however clear that identifying landfills related to (extraordinary) high 

in-direct benefits or alternative costs is an essential step in developing cost-efficient 

landfill mining operations11,16,18.  

 

When it comes to environmental assessments, the only impact that has been 

comprehensively studied in the reviewed literature is climate impact. The reported 

results are somewhat opposing, where some studies conclude that landfill mining 

would lead to reduced climate impacts14,15,17 while others have found that such 

projects would instead result in net contributions to global warming18,20. In essence, 

these reported variations of the climate impact rely on to what extent landfill mining 

contributes to avoided emissions from long-term landfill gas generation and replaced 

energy generation and material production. This is in turn influenced by a wide range 

of inter-related parameters ranging from landfill-specific factors (e.g. material 

composition, landfill gas potential and treatment), over project settings (e.g. 

efficiency of selected material processing technologies) and system conditions (e.g. 

assumptions about avoided primary material and energy production) to modelling 

choices (e.g. applied landfill gas and carbon footprint models and procedures for 

accounting of biogenic emissions from thermal treatment processes). Many of these 
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potentially important parameters and conditions are however not clearly described 

and/or elaborated on in the reviewed studies, making comparisons and valuations of 

the validity of the results difficult. Nevertheless, reduced landfill gas impacts and 

metal recovery often seem to constitute key processes for avoided climate emissions 

while Waste-to-Energy processes could be significant both in terms of added and 

avoided emissions.     

Applied procedures for assessing critical factors for performance 

A general feature of the reviewed cases is a lack of systematic and fine-grained 

assessments of what actually builds up the economic and environmental 

performance of landfill mining. Instead, emphasis is rather on assessing the overall 

potential and feasibility of engaging in such projects, Fig 1. This means that when it 

comes to critical factors for performance, the results merely highlight main process 

steps (e.g. material processing and separation, waste-to-material and waste-to-

energy), while contributions of underlying factors in terms of the numerous model 

parameters that build up each of these processes largely remain unknown, or at least 

implicit. The identification of critical factors is further complicated by a low level of 

transparency regarding project-specific conditions and different manners for how the 

subsequent processes of landfill mining and their constituents have been aggregated.  

 

 

 

Figure 1: Critical factors for performance of landfill mining could be assessed on 

different levels, ranging from just identifying main process steps as important to 

specifying the contributions of multiple and inter-related model parameters.   

 

Admittedly, several studies include some sort of sensitivity analysis of a few, selected 

single model parameters. This is especially so when it comes to economics and one 
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of the most common type of parameters assessed are market prices for metals9,19, 

generated electricity18 and reclaimed land or landfill airspace12. These parameters are 

however not necessarily identified as critical in the studies but the sensitivity 

assessments rather elaborate on at what realistic or unrealistic (future) revenue 

streams landfill mining could approach break-even. Another type of even less 

frequently occurring sensitivity analysis aims to identify important performance 

drivers. Such assessments often take a closer look at the contribution from selected, 

single model parameters related to the efficiency of e.g. material separation9 and 

Waste-to-Energy processes16–18.   

 

Although such variations of one, selected parameter at a time within a certain value 

range could provide useful insights, it is also insufficient for developing a sound 

understanding of the economic and environmental principles of landfill mining22. 

Apart from being arbitrarily determined, the applied value ranges for the parameters 

are often very narrow – something that directly influence the result of the sensitivity 

analysis, i.e. the importance of a parameter. However, what is more important is that 

the performance of landfill mining is virtually always influenced by several hundred 

such model parameters. Many of these parameters are strongly inter-related 

throughout the landfill mining value-chain, meaning that their real criticality depends 

on downstream and upstream parameter values and is thus a matter of such 

combination effects rather than the possible variation of a single model parameter.   

Implications of applied methodological choices and principles  

Virtually all of the reviewed studies constitute ex ante assessments, meaning that 

they aim to forecast economic and/or environmental outcomes of engaging in future 

landfill mining projects. Although forecasts are inherently uncertain, they are 

nowadays common practice not the least within the financial world. However, the 

fact that landfill mining is yet an unconventional practice makes these ex ante 

assessment particularly challenging. In contrast to established practices, such 

emerging concepts suffer from lack of knowledge, practical experience and records 

of accomplishment. This epistemological deficit has several potential methodological 

implications on the design, execution, analysis and presentation of the obtained 

results. Here, we will discuss some examples of such challenges and, in particular, 

how they have been dealt with in the reviewed assessments.   

Procedures for scenario development 

From systems analysis theory, we know that the scenario(s) under consideration 

constitute the foundation of any assessment. Apart from determining spatial and 

temporal boundaries, such “models” specify the included processes and how their 

interactions, together with system boundary conditions (e.g. policy and markets), 
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affect relevant material, energy, economic and environmental flows. In this section, 

we will focus on how the reviewed assessments have dealt with three fundamental 

parts of such scenarios along the landfill mining value chain: (1) selection of landfills 

and reference cases (i.e. BAU if landfill mining is not realized), (2) choice of material 

processing and treatment schemes and (3) assumptions about resource quality and 

accessible markets for extracted materials and energy resources. 

  

(1) When it comes to the studied landfills, they seem to have been more or less 

“randomly picked” at least in terms of their resource potential and suitability for 

landfill mining. Such an understanding is further strengthened by the fact that none 

of the reviewed studies elaborate on if the deposit in question is to be considered as 

a particularly good, bad or moderate case for landfill mining. Typically, the studied 

landfills seem to involve heterogenic and low-grade MSW deposits and the related 

reference cases imply low-to-moderate landfill management costs and impacts. The 

absence of explicit discussions about the importance of such site-specific settings 

makes it hard to fully understand the implications of the results from the different 

case studies. This is especially so given that landfill material compositions, costs and 

environmental impacts of landfill management options, values of reclaimed land or 

landfill airspace, and so on, could vary widely between different cases and regions. 

 

(2) While most landfill mining scenarios seem to involve similar main process steps, 

significant differences can be found in the type and advancement of employed 

technologies for material separation. Here, the cases display a quite wide spectrum 

of equipment ranging from simple or standard mobile units to highly advanced 

processing plants. There are, however, several issues related to how this very central 

part of landfill mining scenarios are dealt with in the conducted assessments. To start 

with, most of the studies only assess one landfill mining scenario involving a specific 

material separation scheme, and they often do so without providing any clear criteria 

for why this particular processing line was selected. How was the separation scheme 

developed, based on what knowledge, empirical evidence and specifications of 

requirements, are there any alternatives that potentially could be more suitable 

and/or cost-effective in this particular case? Instead, selected separation schemes 

are more or less taken for granted and only dealt with on a very general level, often 

by referring to industry expertise/estimates or some previous, small-scale trials. This 

lack of descriptions of the constituents, capabilities and limitations of selected 

processing lines makes it difficult to evaluate their actual validity and suitability for 

landfill mining. 

 

A similar situation exists for the selection of thermal treatment methods where 

especially knowledge in terms of possibilities and limitations of using emerging 

technologies such as plasma gasification for treatment of RDF retrieved from landfills 
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are poorly described. In some studies, this general lack of transparency regarding the 

selected material separation and treatment schemes is explained by confidentiality 

reasons but equally important is probably the low level of knowledge and practical 

experience of processing previously deposited materials. The employed separation 

and treatment schemes could therefore merely be considered as conceptual and 

largely reliant on experiences from adjacent fields of knowledge.  

 

(3) It is a well-known fact that beneficial implementation of landfill mining relies on 

the fact that the excavated masses can be separated out and then recovered or at 

least disposed of in some affordable and environmentally just way. Material outputs 

and their anticipated marketability therefore constitute a key issue of any landfill 

mining scenario. However, given the absence of real-life projects, we know very little 

about what quantities of different materials and energy resources that can be 

produced from the full-scale processing of deposited waste and even less about at 

what quality levels. Still, only a few studies discuss the important issue of resource 

quality while the rest seem to assume that the exhumed resources such as waste fuel, 

aggregates and various metals will be readily accepted by existing material and 

energy markets. Such an assumption is by no means straightforward and if not true, 

this will have significant implications on the economic (e.g. revenues, disposal costs, 

amount of reclaimed land or landfill airspace) and environmental (e.g. impacts of 

disposal, type and extent of avoided primary production) outcome. Worth noting is 

that the marketability of the extracted resources is not just a matter of their intrinsic 

quality. Knowledge of existing market structures, competition, policy measures and 

supply and demand dynamics are equally important for facilitating sound estimates 

on viable recovery routes. For instance, it is largely unclear if recyclers and 

incinerators are willing or even have the capacity to accept supplementary resources 

extracted from landfills, which by the way also compete with more high-quality 

materials obtained from source separation programs. 

Empirical support and handling of parameter data 

In order to specify the material and energy flows and related economic and 

environmental implications of the developed landfill mining scenarios, different types 

of data need to be collected and introduced into the assessment model in terms of 

numerous input parameters. Typically, these input parameters are represented as 

one single, estimated value in the reviewed assessments. This practice of neglecting 

the likely event of parameter variation constitutes an important weakness of the 

studies, which could be used as an argument to undermine the validity of the results. 

Even in well-established practices, stochastic variations of such parameters often 

occur due to, for instance, changing conditions in various processes and markets. Just 

this kind of “naturally” occurring variations could have significant impacts on 

plausible net outcomes of a process, investment or industrial project. However, when 
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it comes to landfill mining, also epistemological uncertainties come into play meaning 

that the possible ranges for parameter variation are much larger due to an 

incomplete or inaccurate scientific understanding of the studied processes. If fully 

taken into account, such stochastic and epistemological parameter distributions 

would in many cases have major implications on what actually could be said about 

the net economic and environmental outcome of landfill mining. Typically, the result 

would then not constitute a single (and implicitly highly uncertain) value but rather 

display a wide range of plausible outcomes – ranges that very well could include both 

positive and negative net resultscf ,23. 

 

When it comes to the empirical data used in the reviewed studies, there is a general 

tendency that both its quality and relation to the specific project gradually decreases 

along the landfill mining value chain. The used landfill material composition, for 

instance, often originate from specific data obtained from waste sampling and 

characterization of the deposit in question. Still, common practice to use an average 

composition could be questioned given the largely heterogenic nature of such 

deposits and that the assessed waste samples at best only covers a minor share of 

the landfill body.    

 

When it comes to the subsequent processes of landfill mining in terms of excavation, 

handling and temporary storage of masses, material separation and treatment and 

recovery of materials and energy resources, the applied data primarily originates 

from adjacent knowledge fields. Typically, experiences from the processing, 

treatment, disposal and recovery of other, conventional types of waste such as fresh 

MSW serve as a foundation for specifying material and energy flows as well as related 

economic costs and revenues and environmental impacts. When it comes to 

environmental assessments, for instance, the environmental impact parameters are 

to a high degree based on generic processes from LCI databases – processes that 

often has little to do with the specific landfill mining project 18,14,15,17. For any 

emerging concept, such a practice is more or less unavoidable. However, the main 

concern is the lack of discussions about to what extent such empirical data or industry 

estimates from adjacent fields are applicable to the specific processes of landfill 

mining. The scarcity of uncertainty analysis in the reviewed assessments makes this 

important issue even more implicit. Moreover, temporal dynamics such as effects of 

technology learning are seldom accounted for and as a results the uncertainty range 

for economic and environmental performance is further increased.  

 

To take another example, several studies use extremely high efficiencies of employed 

separation technologies11,16–18, which in practice means that 80-90% of the different 

deposited materials and energy resources in the landfills are assumed extractable. 

Such assumptions are often combined with quite optimistic estimates regarding the 
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obtained resource quality, economic value and potential for environmental savings 

due to substitution of primary production. Although maybe applicable to the 

processing and recovery of some conventional wastes, there is an obvious risk that 

this transfer of (unconditioned) knowledge from adjacent fields might result in 

overestimating both the economic and environmental potential of landfill mining. 

Admittedly, there are also a few exceptional studies using more conservative data 

regarding these aspects, thereby acknowledging the often inevitable degradation of 

materials situated in landfills and the practical difficulties of processing previously 

deposited masses. These studies are commonly related to specific pilot trials and 

material characterization efforts. 

Applied modelling principles for economics and environmental impacts 

Although some of the economic assessments focus on direct costs and benefits9,10, 

the most common metric used to study the profitability of Landfill mining is the Net 

Present Value (NPV)11–13,16–20. Such capital budgeting is frequently used in many lines 

of business to evaluate whether or not it is worthwhile to invest in a project. In 

principle, the NPV indicates the potential profit of a landfill mining project by 

subtracting the investment costs from the total sum of cash flows during a pre-

determined time. In contrast to direct costs and benefits, the NPV is sensitive to when 

different cash flows occur and the time value of money is accounted for by a discount 

rate incorporating inflation, investment risks and rates of return into the 

assessment25. From a practical point of view, this means that the present value of 

money is lower the farther we go in the future and the higher the selected discount 

rate is. For long-term projects such as landfill mining, this way of budgeting is 

somewhat challenging given that large up-front investments need to be done while 

many of the revenue cash flows will come in small portions distributed over the years 

(e.g. electricity and material sales), or only materialize in a distant future (e.g. avoided 

landfill aftercare and reclaimed land). There are, however, different private and 

public views on to what extent the value of money should be downplayed by time 

and among the reviewed assessments the applied discount rates range within the 

interval of 0-15% - something that obviously have significant effects on the obtained 

results.    

 

Virtually all of the economic assessments are performed from the perspective of one 

single (private) actor in terms of the landfill owner or project manager. However, 

several studies also underline the key challenge that many of the proclaimed benefits 

of landfill mining currently only materialize on the societal level. A few assessments 

therefore include some environmental economics principles, for instance, by 

inserting a monetary value on avoided climate impacts (inverted carbon tax) and 

renewable energy (green energy certificates)11,16–18,21. However, when it comes to 

broader socio-economic values such as nature restoration, employment, local health 
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and material autonomy issues our knowledge is still largely limited.  Admittedly, some 

studies discuss or even semi-quantify a few such potential societal benefits but real 

life projects would presumably generate several socio-economic consequences, both 

in terms of benefits and costs.      

 

Just as for the economic modelling, the environmental evaluations rely on 

assumptions and simplifications in order to be able to assess the complex systems at 

hand. In an ideal life cycle assessment (LCA), all relevant environmental impacts 

arising from the emissions and resource extractions from the processes within the 

studied system should be evaluated. Several of the articles study multiple 

environmental impact categories but there is very little argumentation to clarify the 

selection of categories and to explain the consequences of such choices17,18,24. 

Furthermore, for systems which are mainly based on ex-ante modelling it is hard to 

get specific data that covers a multitude of impacts. This means that for the studies 

that present highly local environmental impacts such as toxicity, generic data from 

commercial databases is used with little to no connection to the actual site and the 

specific toxicity problems. Most of the times a discussion on the relevance of the 

results to the studied scenarios is lacking.  

 

All of the studies shows the impact on climate change for the studied scenarios. These 

impacts can mainly be attributed to various energy processes throughout the whole 

chain of landfill mining activities. Normally these emissions are divided into climate 

gases of fossil or biogenic origin. The biogenic emissions have historically often been 

regarded as carbon neutral when biomass has been used as some kind of biofuel. 

Recently, this neutrality has been put into question on the account that added focus 

should be on changes in carbon stocks than just on sequestration and release of 

carbon dioxide26. In the case of ELFM this means that biomass based waste in the 

landfills could be regarded as a carbon sink and when excavated and then used in a 

waste-to-energy facility the ensuing emissions should be taken into account and be 

assessed alongside the waste of fossil origin. Only one of the environmental 

assessments actually includes these emissions although one other article mentions 

the concept but does not include it14,20. If the modelling principle of counting biogenic 

emissions from waste to energy practices is included the climate change impact will 

be substantially influenced.  

Concluding discussion 

Although conducted assessments have provided valuable knowledge on the potential 

of landfill mining, the usefulness of applying systems analysis in such an early phase 

of conceptual development have only been partly explored. In essence, there is a 

need for more exploratory studies focusing on learning and guiding research towards 
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key challenges and potentials rather than assessments aiming to obtain an accurate 

result for a specific landfill mining scenario8. Given current deficits in knowledge and 

real-life experiences, such attempts to forecast the net outcome of landfill mining will 

most likely anyway be wrong, displaying a high risk of either overestimating or 

discriminating the potential at a too early stage of development7.  

 

More research is required in order to develop detailed guidelines on how to perform 

exploratory studies of emerging concepts such as landfill mining, however a few 

tentative principles could be outlined. To start with, the usefulness of such ex ante 

assessments rely on the recognition of large uncertainties, both on the scenario and 

parameter levels8. From a learning perspective, such uncertainties should be made 

explicit, brought to the forefront of analysis and also be allowed to expand to identify 

essential as well as potentially promising paths of development. When it comes to 

landfill mining, this means that assessment of several possible scenarios is advisable 

to identify implications of e.g. different site-specific settings, processing lines and 

technology choices and policy and market conditions6,20,23. Even in specific case 

studies, such an openness to different alternatives and conditions could be useful 

given the often early stage of development. The fact that many landfill mining 

projects first will be implemented in the future also implies a need to include 

temporal dynamics into these scenarios, e.g. various effects of technology learning, 

gradually changing policy and market environments and upscaling of technologies7.   

 

A key feature of exploratory assessments is the use of advanced approaches to model 

uncertainties6. This is fundamental because it makes it possible to accurately display 

and internalize the level of uncertainty of the results20,22,23. The use of more advanced 

approaches such as global sensitivity analysis also enables fine-grained assessments 

of critical factors for performance, specifying contributions of multiple model 

parameters as well as their combination effects6. Such detailed knowledge on the 

importance and relations of different factors and conditions occurring on the site, 

project and system levels is a necessity for developing tailored landfill prospecting 

methods, blueprints and specifications of requirements for landfill mining processing 

schemes as well as support for in policy and decision making.  

 

The realization of such assessments of what actually builds up the performance of 

landfill mining scenarios relies on the provision and collection of corresponding data 

displaying possible ranges of variation for model parameters6,22. In an early phase of 

development, such data collection obviously needs to be based on laboratory tests, 

expert judgements and knowledge from adjacent fields8. In practice, this means that 

most model parameters will initially be associated with large uncertainty ranges9,23, 

which then gradually could be narrowed down in tandem with real-life initiatives such 

as pilot trials and eventually full-scale projects. A key challenge here is that most 
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landfill mining processes are currently treated as “black-boxes”. In order to facilitate 

identification of critical factors and potentials for improvement, these boxes need to 

be unlocked and their various process parameters fully incorporated into the 

assessment frameworks.       

 

This review has also illuminated some inconsistencies when it comes to applied 

modelling principles for profitability and climate impacts. In order to facilitate 

comparison, synthesis and thus a common knowledge building within the area, it 

might be fruitful to discuss and streamline what models and metrics to use for 

assessing performance of landfill mining3. Although somewhat theoretical, such 

methodological research is of outmost importance for the development of the area 

given that certain modelling choices (e.g. selected discount rates, investment models, 

procedures for accounted biogenic climate emissions, and so on) could potentially 

have a significant impact on the motives for landfill mining projects. In order to better 

support decision-making, this research must also address challenges related to the 

need for broader assessment frameworks that includes global to local environmental 

impacts as well as socio-economic consequences of such landfill mining3,5,16. Again, 

such a challenging research endeavour should initially be guided by a will to learn and 

better understand various cause-effect relationships rather than attempting to 

obtain an accurate result, simply because we are not yet in the position of being able 

to provide such findings and claims. 
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