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CHAPTER 1. EXCECUTIVE SUMMARY 

Landfill Mining (LFM) is a waste management technique which has never been implemented in 

Greece before. Thus, during the early stages of the LIFE reclaim project, it was necessary to review 

all available information regarding recent and past international applications of LFM, with the 

specific aim to create a Report which will constitute an extended textbook on objectives, methods 

and machinery, as well as on the results and needs for further improvements. This assessment can 

serve as a basis for both knowledge dissemination and specification for the pilot demonstration unit 

design. It was elaborated via extensive data mining on the literature, the machinery market and 

the experience of landfill operators on technical and operational aspects of regulated and 

unregulated landfills, such as: fluctuations in municipal solid waste (MSW) composition; mixing of 

specific types of MSW; potential hazards; economic data and social aspects. Also, it includes 

findings from relevant trips to other EU countries (namely Spain, Belgium and the Netherlands), as 

well as consultations with experts from the UK, which complete the picture of LFM with actual 

experiences from on-site visits and interviews with experts.  

The Legislation on waste and landfills is reviewed extensively at an EU and national level through 

this report, with regards to LFM. The Waste Framework Directive (WFD) and its amendments is the 

general guideline on which the waste regulations of all Member States are based upon. It serves as 

protection of the functioning of the common market by avoiding disparity between the provisions 

on waste disposal in the various Member States and it also supports the protection of human health 

and the environment against harmful effects caused by the collection, transport, treatment, 

storage and tipping of waste. Additionally, the Landfill Directive was created setting targets and 

specifications in order to prevent or reduce the adverse effects of the landfilling of waste on the 

environment. Other waste regulations include more detailed guidelines on: waste transportation, 

various waste streams, etc. The EC Raw Materials Strategy of 2011 is also very important as it stresses 

the need for “better implementation and enforcement of existing waste legislation […] to the 

promotion of a more resource-efficient Europe”.  

The National framework for waste and landfill Management is based on the EC directives and it is 

implemented in the National and the Regional Solid Waste Management Plans. To implement the 

necessary changes towards a more efficient waste management, the Regional Greek authorities 

have appointed specific “Solid Waste Management Bodies” which are responsible for achieving 

the targets of the Plans and regulating the landfilling and recycling operations for every area. 

However, many more is yet to be done in the country in order to realize all the goals and follow the 

hierarchy suggested by the WFD. 

Landfills have been used as a waste disposal method for centuries, as even “ancient dumps” of ash 

and organic materials were revealed during excavations. Their use became necessary when urban 

centers started to form and they were a common waste management practice after the Industrial 

revolution. Today, the main activities used in landfilling include stockpiling, waste layering, 

compaction, cell construction and utility works such as haulage, ditching, trenching and grading. 

The main equipment used is automated machinery and vehicles, which include tractors, scrapers, 

trucks, graders, compactors, backhoe loaders etc. Landfill rehabilitation is necessary after the end 

of a site’s life-time. The steps that usually are necessary include ground stabilization, waste terrain 

finalization and final coverage, with a landfill cap, similar to the bottom liner with added vegetation 
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and soil layer on top. Drainage layers control the emissions of leachate and gasses, which should 

be collected and treated. In particular, in Greece landfilling has been the main method used for 

waste disposal, leading to a multitude of sanitary landfills and uncontrolled dumpsites, which has 

always been a difficult issue to tackle. Since recognizing this problem in 1993 (with around 3099 

open dumpsites in the country), many actions have been taken by the authorities towards 

dumpsite closure and these numbers have been greatly minimized. 

Landfill Mining (LFM) is a solid waste management method which focuses on disposal sites with a 

view to excavate buried waste and separate useful materials, with various specific goals: 

“...conservation of landfill space, reduction in landfill area, elimination of a potential contamination 

sources, mitigation of an existing contamination sources, energy recovery from excavated waste, 

reuse of recovered materials, reduction in waste management system costs and site re-

development” (Cossu et al., 1996). LFM has been used for many decades but only recently it has 

started to become more popular. It was widely used during the ‘90s, in most cases limited to 

extraction of methane, partial recovery of valuable metals and/or land reclamation (Krook et al, 

2012; Prechtai et al, 2008; Vander Zee et al, 2004). Since then, around 60 other LFM projects have 

been reported in the literature (Ricardo-AEA, 2013), a relative miniscule number comparing to the 

estimated number of landfills. Until recently, the main motives for LFM projects were remediation or 

land reclamation; however, under the current necessity of the era for more resource efficiency and 

following the EC demands towards circular economy, there is a tendency to turn to LFM projects to 

recover energy or resources. The actual methodology of LFM adopts mechanical processing 

operations to achieve its objectives. Typical equipment includes excavators, screens and 

conveyors. Additional specialized equipment is also used in more complex LFM operations.  

Before a LFM project can start, the contents of the landfill site must be estimated, as it is evident 

that it can differ greatly, based on how old is the site, where it is located, etc. To this extend a 

combination of desktop study, geophysical non-intrusive exploration methods and borehole data 

can be employed. Apart from soil, which is abundant inside a landfill, the most important materials 

are plastics, paper, glass, metals, textiles, stones, wood and garden waste. Unfortunately, in many 

cases MSW waste has been landfilled along with hazardous materials which have to be identified 

early on so that any relevant problems during excavation and processing can be avoided. More 

risks which have to be considered during the design of a LFM operation are: releases of landfill 

gases and odours, releases of liquids and leachate, subsidence or collapse. 

The financial aspects of LFM must also be considered. The production chain of a LFM application 

must be planned beforehand, to ensure that the outputs of the unit will be marketable and could 

potentially generate revenue. This can include the traditional recovered materials from MSW, such 

as soil, metals, plastics, e-waste, etc. or new materials coming from innovative technologies such as 

the GasplasmaTM process. A complete financial analysis should include all potential revenue 

sources but also all obvious and “hidden” costs of the method. A complete business plan must take 

into account: Project Planning costs, Capital and Operational Costs, as well as direct revenues, 

avoided costs and other benefits which are not easily monetized. 

Social acceptance of waste related projects can greatly vary. LFM in particular has always been 

treated with scepticism as its main objective is unearthing things that were meant to be discarded. 

However this is not true as LFM projects have taken the necessary mitigation measures to avoid any 
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problem. What is more, there might be many LFM supporters from the local community, especially 

in cases where the landfilling activities have created many environmental and health issues. 

Additionally, local economy is strengthened by new job opportunities, as well as the re-

development of the land.  

From an environmental point of view, LFM can have a very positive impact on many cases such as 

the decontamination of a site, the landfill rehabilitation if there is a need for it, the lifetime 

expansion of a landfill, recycling of resources, recovering energy and finally reclaiming the land for 

new uses. There might be some small negative impacts on the environment during the LFM works, 

and specifically air emissions, leachate emissions, hazardous waste unearthing and others. All of 

them though could be controlled with careful planning, environmental monitoring systems and 

safety measures. 

The need for consolidation of the international LFM experience pushed the research further into 

more practical inquiries into four European countries where the most recent LFM activity has been 

focused: Belgium, the UK, the Netherlands and Spain. Site visits and interviews with experts on the 

field for each region provided with more information on the subject. As a conclusion: 

 Belgium (Flanders) is currently one of the most active EU regions in LFM, promoting the 

methodology and the discussion about it, with active participation from the public sector 

and promotion of new LFM technologies 

 In the UK LFM seems like a subject that will continue to concern the waste management 

sector, as it comes up periodically. It has been successfully applied in many projects with 

different objectives, proving that the country has available the necessary technical 

capacity. The country also participates in the research for innovative new methodologies 

using the latest technological advances, such as Gas plasma technology, in the case of the 

company APP. 

 The Netherlands have been trying LFM for years. The available knowledge is considered 

adequate for adopting this technology and there are several attempts to introduce these 

concepts into Dutch legislation, by forming agreements with the government. However, 

they have been stumbling upon political, social and economical issues connected with the 

method. 

 A few experts have recently been suggesting the introduction of LFM in Spain. This is 

attributed due to: the need for rehabilitation of old dumpsites, the will to increase 

valorization of landfilled waste, the opportunity to expand the lifetime of landfills and the 

new experimental facilities for treating organic waste which could be also fed with mined 

waste from landfills.  

Overall, at an EU level, LFM could become an excellent tool for the implementation of 

environmental policy, could be a waste valorisation opportunity and has a great future possibility, 

as the technology is continuing to evolve. At a national level, there seems to be a large opportunity 

for LFM. However many issues still remain unclear such as the current legislation gaps, the current 

bureaucracy, the limited availability of equipment, the uncertain social acceptance of the 
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method and the uncertainty of the financial data around LFM applications. To combat these 

constraints, many suggestions are given both on the economic feasibility and the evaluation of 

social acceptance of the method which can help in successful implementation of LFM projects in 

the future. 

  



 

ACTION A1 

LANDFILL MINING TECHNIQUES - POTENTIAL IN GREECE & EU 

 

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy   11 

CHAPTER 2. INTRODUCTION 

2.1. Report context and Objectives 

The present Report is the Deliverable of Action A1 of the Life reclaim Project “Landfill mining pilot 

application for recovery of invaluable metals, materials, land and energy”, which is being funded 

by the European Commission (EC) through Life+ 2012 vehicle, under the contract 

LIFE12 ENV/GR/000427.  

The scope of this Report is to present and assess all available information regarding recent and past 

international applications of landfill or waste mining (LFM), with the specific aim to use the Report as 

an extended textbook on objectives, methods and machinery, as well as on the results and needs 

for further improvements. This assessment will be used as a basis for both knowledge dissemination 

and pilot demonstration unit specification. The assessment includes extensive data mining on the 

literature, the machinery market and the experience of landfill operators on technical and 

operational aspects of regulated and unregulated landfills, such as: fluctuations in municipal solid 

waste (MSW) composition; mixing of specific types of MSW; potential hazards; economic data and 

social aspects.  

In this Report, findings from relevant trips to other EU countries (namely Spain, Belgium, the 

Netherlands and the UK) are incorporated to complete the picture of LFM with actual experiences 

from on-site visits and interviews with experts.  

Furthermore, consultation with local authorities served by the selected landfills will take place. The 

main workload will be desktop analysis, but a considerable amount of travelling for meetings and 

exchange of experience. The assessment will take place mostly in Greece, especially for the 

desktop study. Travelling will occur within the Greek mainland and internationally, in particular 

Belgium, the Netherlands, the UK and Spain. 

 

2.2. General information on Life+ reclaim 

2.2.1. Project objectives 

The Project aims at building a temporary pilot application on productive scale to mine parts of 

existing landfills and to separate useful materials and produce suitable products (concentrates), 

both ferrous and non-ferrous, which can be fed into a metallurgical process. The application will 

include pre-processing and processing production line, as well as a beneficiation stage for non-

ferrous metals, introducing innovation elements from the mining industry. The basic objective is to 

turn landfill mining (LFM) into a useful tool for the recovery of:  

 useful materials, especially ferrous and non-ferrous metals  

 space, which equals to extra landfill capacity and lifetime in cases of expansion  
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 soil material, which has been disposed off along with the waste and which is a natural 

resource valuable to local ecosystems as well as to landfill industry itself  

 recyclable materials, like plastic and paper products, which can be either post-processed 

in a suitable recycling plant or burned in modern incinerators  

 land, in the case of old landfills, which will lead to a successful rehabilitation scheme with 

minimal environmental footprint which in turn, can be easily adapted to different waste 

compositions and site conditions.  

At the same time the Project objectives include the familiarization of the public with the issue of 

post-disposal-processing of waste and with the potential of the procedure for metal recovery (thus 

lessening the need for mining interventions) and site rehabilitation, resulting in a cleaner 

environment and rational waste management. The abovementioned objectives of material and/or 

energy recovery are widely known today in the waste processing industry and precede disposal, 

but have not been so far utilized in connection to (a) a wider program of waste post-disposal 

processing and (b) material beneficiation for valuable metals, by means of ore processing 

methods. 

2.2.2. Actions and means 

In order to establish LFM as a standard waste management procedure there are two basic tasks to 

be completed:  

 LFM consolidation and application: Detailed elaboration on all technical aspects of LFM, 

from designing the waste mining operation to creating alternative final products (metal 

concentrates) that can be directly fed into metallurgical plants.  

 Environmental and Social analysis: Detailed approach on the foreseeable socioeconomic 

impacts of adopting LFM practices. 

More analytically, the Project includes the following Actions: 

i. Preparation: International experience in LFM, Permitting of additional activities in 

Polygyros Landfill (PL), Baseline environmental and social conditions 

ii. Implementation: Landfill inventory, Exploitation plan, Design of production line, Sub-

contracting procedures, Pilot-scale Demonstration Unit, MSW mining, operation and 

tests, Environment rehabilitation plan 

iii. Socioeconomics: EIA Study, Financial and socioeconomic analysis, Action Plan and 

Master Plan elaboration 

iv. Monitoring the environmental & socioeconomic impacts of project Actions 

v. Dissemination Actions  

vi. Project management Actions  
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vii. After-life communication plan 

2.2.3. Expected results 

According to existing literature, there is considerable experience in waste mining regarding energy 

and soil recovery, but not regarding non-ferrous metals, since the waste requires further processing 

which very few have attempted to undertake. It is expected that the Project will help consolidate 

knowledge, give practical experience in the field and contribute to the adaptation of an 

innovative production line under, various site conditions and waste compositions. Specifically, the 

Project is expected to bring the following results:  

 Web GIS database for operational landfills and dump-sites in Greece combined with a 

Website during and after the duration of the Project, connected with the web-GIS 

database application  

 Processing of at least 1000 c.m. of waste for the production of different concentrate 

samples  

 Two field environmental economics surveys on the acceptance of LFM  

 Action plan on national level for LFM and Strategic Environmental Assessment on national 

level  

 Socioeconomic analysis of LFM  

 Publication of one bilingual book/album on LFM  

 Dissemination of the experience and information gained, through conferences (2 national 

and 1 international) as well as through proper dissemination material 

All results will be supported by respective Technical Reports (one of which is the present one), with 

documentation on the background, methodologies, alternatives examined and relevant results. In 

addition, a special report regarding the carbon footprint of the Project will be submitted in order to 

support the footprint minimization policy of the project. 

 

2.3. The Study Team 

This Report has been elaborated by the following Life reclaim collaborators: 

 Spyros Papagrigoriou, Civil Engineer, Environmental Engineer, Dipl., MSc., MLitt 

 Yanis Katselis, Mineral Resources Engineer, Environmental Engineer MSc, Business Administration 

MBA 

 George Tentes, Mining Engineer MEng (NTUA), MSc in Hydrology environmental management 

of water resources  
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 Zoi Gaitanarou, Mining Engineer NTUA, MSc Environmental Engineering and Business 

Management , Imperial College of London 

 Kyriaki Manitara, Chemical Engineer, Engineering-Economic Systems(MBA) 

 Xenophon Bakouras, Environmental Engineer, MSc Environmental Technology, Imperial College 

of London 

 

2.4. Report content 

The Report covers a variety of issues related to LFM from its beginning to recent years and from its 

technological to its social aspects. Special attention is given to legislation related to landfill and 

mining (Chapter 2), since it is the foundation on which a future expansion of LFM can be 

established. The technical foundation is completed by extended reference to landfills, mining and 

their relation with natural resources and the environment (Chapter 3 and Chapter 4, respectively).  

Chapter 5 includes several historic data on LFM, current experience, along with insights in case 

studies worldwide, technology and equipment used. Chapter 6 reports the basic technical, 

environmental and social issues of LFM that remain open and under investigation, thus explaining 

the limited application of certain aspects of LFM.  

The experience gained from visits to LFM sites, as well to controlled and uncontrolled landfill sites in 

Greece and other EU countries is reported in Chapter 7, alongside wider information on the 

potential of EU countries for extensive LFM programmes. In the same chapter, several empirical 

considerations are set forward to provide food for thought and a spark for future research and 

more applications. 

The overall conclusions are included in a separate Chapter (i.e. Chapter 8), in which all previous 

chapters are recapitulated and the final overview is provided.  
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CHAPTER 3. LEGISLATION RELATED TO LANDFILLS& MINING 

3.1. EU framework and legislation 

3.1.1. The Waste Directive 

The so called Waste Directive (75/442/EEC) was a legal action (decision) taken by Council of the 

European Communities in 1975 (OJ L0442/1975) and had a dual scoping (as reported in its 

preamble): 

i. Protection of the functioning of the common market by avoiding disparity between the 

provisions on waste disposal in the various Member States 

ii. Protection of human health and the environment against harmful effects caused by the 

collection, transport, treatment, storage and tipping of waste 

The Directive has been amended by two later Directives, one decision and one regulation (Council 

Directive 91/156/EEC of 18 March 1991, Council Directive 91/692/EEC of 23 December 1991, 

Commission Decision 96/350/EC of 24 May 1996 and Regulation (EC) No 1882/2003 of the European 

Parliament and of the Council of 29 September 2003), and it has been corrected by an official 

corrigendum (Corrigendum, OJ L 146, 13.6.2003, p. 52, 91/692/EEC). All corrections and 

amendments have been re-codified and included in the latest Directive 2006/12/EC (OJ 

L114/2006), on Waste.  

The Waste Directive has been reviewed, revised and re-released in 2008, as the Waste Framework 

Directive (WFD) 2008/98/EC (OJ L312). Through this latest Directive, the European Parliament and 

the Council, declare that: 

“The first objective of any waste policy should be to minimise the negative effects of the generation 

and management of waste on human health and the environment. Waste policy should also aim 

at reducing the use of resources, and favour the practical application of the waste hierarchy.” 

The scope therefore of the WFD, according to Art.1 is to lay down the necessary measures for 

environmental and human health protection by: 

 Preventing adverse impacts of waste generation & management 

 Reducing adverse impacts of waste generation & management 

 Reducing overall impact of resource use 

 Improving the efficiency of resource 

Furthermore:  

“[…] the Council confirmed that waste prevention should be the first priority of waste 

management, and that re-use and material recycling should be preferred to energy recovery from 

waste, where and insofar as they are the best ecological options.” 
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The European Parliament and the Council concluded that, regarding the already existing 

legislation, clarifications were needed:  

“[…] in order to clarify key concepts such as the definitions of waste, recovery and disposal, to 

strengthen the measures that must be taken in regard to waste prevention, to introduce an 

approach that takes into account the whole life-cycle of products and materials and not only the 

waste phase, and to focus on reducing the environmental impacts of waste generation and waste 

management, thereby strengthening the economic value of waste. Furthermore, the recovery of 

waste and the use of recovered materials should be encouraged in order to conserve natural 

resources.” 

Quite interestingly, “the waste status of uncontaminated excavated soils and other naturally 

occurring material which are used on sites other than the one from which they were excavated 

should be considered in accordance with the definition of waste and the provisions on by-products 

or on the end of waste status under” the WFD. In addition:  

“In order to implement the precautionary principle and the principle of preventive action […] By 

virtue of those principles, it is for the Community and the Member States to establish a framework to 

prevent, reduce and, in so far as is possible, eliminate from the outset the sources of pollution or 

nuisance by adopting measures whereby recognised risks are eliminated.” 

The WFD sets out the definitions of many terms currently in waste jargon, such as: 

 Waste: any substance or object which the holder discards or intends or is required to 

discard; 

 Bio-waste: biodegradable garden and park waste, food and kitchen waste from 

households, restaurants, caterers and retail premises and comparable waste from food 

processing plants; 

 Waste producer: anyone whose activities produce waste (‘original waste producer’) or 

anyone who carries out pre-processing, mixing or other operations resulting in a change 

in the nature or composition of this waste;  

 Waste holder: the waste producer or the natural or legal person who is in possession of 

waste; 

 Dealer: any undertaking which acts in the role of principal to purchase and subsequently 

sell waste, including such dealers who do not take physical possession of the waste; 

 Broker: means any undertaking arranging the recovery or disposal of waste on behalf of 

others, including such brokers who do not take physical possession of the waste; 

 Waste management: the collection, transport, recovery and disposal of waste, including 

the supervision of such operations and the after-care of disposal sites, and including 

actions taken as a dealer or broker; 
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 Disposal: means any operation which is not recovery even where the operation has as a 

secondary consequence the reclamation of substances or energy. Indicative list 

presented in Appendix 1 of this report;  

 Recovery: any operation the principal result of which is waste serving a useful purpose by 

replacing other materials which would otherwise have been used to fulfill a particular 

function, or waste being prepared to fulfill that function, in the plant or in the wider 

economy. Indicative list of operations in Appendix 2 of this report; 

 Collection: the gathering of waste, including the preliminary sorting and preliminary 

storage of waste for the purposes of transport to a waste treatment facility. 

 Treatment: recovery or disposal operations, including preparation prior to recovery or 

disposal; 

The conditions under which all the above should be achieved, in regard to municipal waste (and 

industrial waste compatible to the municipal) are: 

i. Application of the 

waste hierarchy as a 

priority order in waste 

management and 

management 

legislation and policy 

(Fig. 2.1.1-1).  

ii. Life Cycle Thinking 

(LCT), which considers 

upstream and 

downstream benefits 

and trade-offs 

associated with goods 

and services 

(Falkenberg, 2012). 

iii. Separate collection, in order to deliver the best overall environmental outcome. The 

separate collection should be waste-stream specific and in principle co-mingling should be 

avoided (Falkenberg, 2012).  

iv. Extended polluter responsibility: as a means to support the waste hierarchy, it should be 

ensured on a national level that “any natural or legal person who professionally develops, 

manufactures, processes, treats, sells or imports products (producer of the product) has 

extended producer responsibility” 

v. Polluter pays principle: the cost of waste management should be borne by the original 

waste producer or by the current (or previous) waste holder. 

 

Figure 2.1.1-1. The waste hierarchy according to the WFD 2008/98/EC 

[source:  http://ec.europa.eu/environment/waste] 
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The WFD sets specific and strict rules for the characterization of materials as by-products (Art.5) and 

end-of-waste materials (Art.6), in order to enable up-cycling of certain streams.  

In fact many of the terms introduced by the WFD have been finally defined in the Court of Justice 

of the European Union (CJEU), since the binding interpretation of EU legislation is the exclusive 

competence of the CJEU (Falkenberg, 2012).  

Storage as seen by the WFD is of particular importance in relation to LFM potential. The WFD 

recognises three different types of storage:  

i. Temporary storage pending the collection of waste 

ii. Storage pending the treatment of waste 

iii. Storage, as part of the collection process 

Storage related to the collection process is related either to the collection system itself or to certain 

rules that apply for each member state regarding the procedures that are followed between 

collection and treatment points. These procedures may include intermediate stages 

(collection/distribution points) away from the collection points and away from the treatment points. 

The storage pending treatment of waste is the creation of stock at the facilities where waste 

undergoes either recovery (thus storage constitutes an R13 operation) or even disposal (thus 

storage constitutes a D15 operation. In any of these two cases, R13 and D15 are considered 

characterized as storage. A general rule, stemming from the Landfill Directive 1999/31/EC, 

demands if D15 lasts more than 1 year then the D15 site should be characterized as a landfill; and if 

R13 lasts for more than 3 years then the R13 site should be characterized as a landfill.  

According to the WFD, the waste hierarchy applies the Life Cycle Thinking (LCT) into the waste 

management process. Therefore, any procedure/decision that is compliant to the waste hierarchy 

should lead to the “waste being dealt with in the most resource-efficient way. However, as 

supported by Article 4(2), Life Cycle Thinking (LCT) can be used to complement the waste 

hierarchy in order to make sure that the best overall environmental option is identified.” (JRC & IES, 

2011). Nevertheless, according to EC & JRC (2013), although following the hierarchy is expected to 

lead to the most resource-efficient and environmentally sound choice, “in some cases refining 

decisions within the hierarchy or departing from it can lead to better environmental outcomes”. 

Finally, the crucial role of economic instruments in the achievement of waste prevention and 

management objectives has been acknowledged by the EC. Since waste has value, it is accepted 

that economic instruments may assist the maximization of environmental benefits. Thus, Member 

States can decide on the appropriate instruments and the appropriate level of use.  

 

3.1.2. The Landfill Directive 

Effective waste management in the EU has strong roots in the Council Directive 99/31/EC of 26 April 

1999 on the landfill (LF) of waste entered into force on 16.07.1999 (OJ L182/1/1999).  
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The Directive Scope is to prevent or reduce the adverse effects of the landfilling of waste on the 

environment, in particular on surface water, groundwater, soil, air, climate and human health (EC, 

2011). 

The deadline for implementation of the legislation in the Member States was 16.07.2001. According 

to the EU rationale, the Directive was aiming at preventing or reducing, as possibly feasible, 

negative effects on the environment from the uncontrolled or arbitrary disposal of waste in 

uncontrolled landfills (ULF or dump-sites) and LF, by introducing a framework of stringent technical 

requirements for waste and LF. The then foreseen benefit from such a policy was to reduce, 

prevent and control the adverse effects of waste on the environment, in particular on surface 

water, groundwater, soil, air and human health. 

In the preamble of the Landfill Directive, several points are made, which are of interest to LFM: 

i. “[…] in the future only safe and controlled LF activities should be carried out throughout 

the Community” 

ii. “[…] the prevention, recycling and recovery of waste should be encouraged as should 

the use of recovered materials and energy so as to safeguard natural resources and 

obviate wasteful use of land” 

iii. “[…] landfill should be adequately monitored and managed to prevent or reduce 

potential adverse effects on the environment and risks to human health” 

The Directive also provides the following useful definitions: 

 Treatment: physical, thermal, chemical or biological processes, including sorting, that 

change the characteristics of the waste in order to reduce its volume or hazardous 

nature, facilitate its handling 

 Biodegradable waste: any waste capable of undergoing anaerobic or aerobic 

decomposition, such as food and garden waste, paper and paperboard. 

 Landfill gas: all the gases generated from the landfilled waste 

 Leachate: any liquid percolating through the deposited waste and emitted from or 

contained within a landfill 

According to the EC (2011), the means that were utilized in order to serve the overall scope of the 

Landfill Directive were: 

 Establishment of landfill classes, phasing out co-disposal (mixing of hazardous with non-

hazardous waste) 

 Technical conditions for landfill design and operation (permitting) as well as monitoring 

during operational phase 
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 Targets for a gradual diversion of biodegradable municipal waste from landfills, technical 

requirements for capture and treatment of landfill gas 

 Restrictions on the types of wastes that may be landfilled 

 Specific requirements for waste acceptance on the sites 

 Treating waste requirements before landfilling it  

 Exercising controls over site closure and aftercare (incl. financial security) 

 Existing landfills compliance with requirements by set deadline 

These means are of particular interest for LFM, since they set the baseline for activities which are 

already considered forms of LFM (see chapters 7-10) in certain countries: i.e. capture of landfill gas. 

Furthermore these means constitute positive and negative constraints for LFM since: 

i. They divert hazardous waste from LFs (positive) 

ii. They divert biodegradable waste from LFs (positive) 

iii. They demand monitoring records and registers on quantities and characteristics of 

waste deposited (positive) 

iv.  They demand compliance for old LFs (positive) 

v. They pose control on closure and aftercare (positive) 

vi. They pose waste acceptance criteria (WAC) and divert potentially valuable waste from 

LFs (negative) 

vii. They require treatment and separation of waste before landfilling (negative) 

The Directive defines different categories of waste (municipal waste, hazardous waste, non-

hazardous waste and inert waste) and applies to all landfills, defined as ‘waste disposal sites’ for the 

deposit of waste onto or into land. Landfills are divided into three classes: 

 landfills for hazardous waste; 

 landfills for non-hazardous waste; 

 landfills for inert waste. 

The Directive does not apply to: 

 the spreading on the soil of sludges (including sewage sludges and sludges resulting from 

dredging operations); 

 the use in landfills of inert waste for redevelopment or restoration work; 
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 the deposit of unpolluted soil or of non-hazardous inert waste resulting from prospecting and 

extraction, treatment and storage of mineral resources as well as from the operation of 

quarries; 

 the deposit of non-hazardous dredging sludge alongside small waterways from which they 

have been dredged and of non-hazardous sludge in surface water, including the bed and 

its subsoil. 

Landfills for non-hazardous waste in particular may be used for (Art. 6c): 

i. municipal waste 

ii. non-hazardous waste of any other origin, which fulfill the criteria for the acceptance of 

waste at landfill for non-hazardous waste set out in Accordance with Annex II of the 

Landfill Directive 

iii. stable, non-reactive hazardous wastes (e.e. solidified, vitrified), with leaching behavior 

equivalent to those of the non-hazardous wastes referred to in point (ii), which fulfill the 

relevant acceptance criteria set out in accordance with Annex II. These hazardous 

wastes shall not be deposited in cells destined for biodegradable non-hazardous waste 

One of the important aspects in the context of LFM is the definition of an illegal landfill. As Golder 

Europe EEIG (2005) point out, according to the Landfill Directive, an illegal landfill is a waste 

disposal site that has existed for more than a year where the Landfill Directive has not been 

applied. With the time period for existing landfills to comply with the Landfill Directive extending to 

2009 (Article 14) an “illegal landfill” could be defined today as an existing landfill (as defined 

above) for which a conditioning plan has not been submitted. Nevertheless, within some Member – 

States a landfill is often defined as an engineered facility which can only be constructed after a 

permit has been received from the competent authorities, under the Landfill Directive. In this case 

there is no definition of an illegal landfill but there are various terms used, such as fly-tipping, 

uncontrolled waste disposal, or simply waste dumpsites. Golder Europe EEIG (2005) further 

investigated into the matter of illegal disposal, reporting that “some of the Member States, for 

example Greece, may be reporting permitted landfills that are having enforcement action brought 

against them for not complying with national legislation as illegal landfills. For other Member States, 

these are legal landfills that are being prosecuted for a minor infringement and therefore not 

reported as illegal landfills.” 

Another point relevant to both LF and LFM is paragraph 16 of the WFD preamble, stating that: 

“The storage of waste prior to recovery for a period of three years or longer and the storage of 

waste prior to disposal for a period of one year or longer is subject to Council Directive 1999/31/EC 

of 26 April 1999 on the landfill of waste”. 

According to the Landfill Directive 1999/31 (Art.6) Only waste that has been subject to treatment 

maybe landfilled, but this provision is subject to an exception: if the treatment cannot contribute to 

the prevention or mitigation of potentially negative impacts and to the targets of the Directive in 

general.  
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The Landfill Directive has been supplemented by ancillary legislation relating to landfill of waste:  

 Commission Decision 2000/738/EC concerning a questionnaire for Member States reports on 

the implementation of Directive 1999/31/EC on the landfill of waste 

 Council Decision 2003/33/EC, of 19 December 2002 establishing criteria and procedures for 

the acceptance of waste at landfills pursuant to Article 16 and of Annex II to Directive 

1999/31/EC  

The abovementioned Acts are mostly related to the establishment and smooth operation of 

landfills.  

 

3.1.3. Waste shipment 

Community legislation on shipment of waste has been quite extensive and it includes several 

pieces that have become obsolete with time and several pieces that are valid today:  

- Commission Regulation (EU) No 135/2012 of 16 February 2012 amending Regulation (EC) No 

1013/2006 of the European Parliament and of the Council on shipments of waste to include 

certain unclassified wastes in Annex IIIB thereto. 

- Commission Regulation (EC) No 664/2011 of 11 July 2011, amending Regulation (EC) No 

1013/2006 of the European Parliament and of the Council on shipments of waste to include 

certain mixtures of wastes in Annex IIIA thereto. 

- Commission Regulation (EC) No 308/2009 of 15 April 2009 amending, for the purposes of 

adaptation to scientific and technical progress, Annexes IIIA and VI to Regulation (EC) No 

1013/2006 of the European Parliament and of the Council on shipments of waste. 

- Regulation (EC) No 1013/2006 of the European Parliament and of the Council of 14 June 2006 

on shipments of waste - applicable since 12 July 2007. 

- Corrigendum of Regulation (EC) No 1013/2006 per 28 November 2008  

- Commission Regulation (EC) No 1379/2007 of 26 November 2007 amending Annexes IA, IB, VII 

and VIII of Regulation (EC) No 1013/2006 of the European Parliament and of the Council of 14 

June 2006 on shipments of waste, for the purposes of taking account of technical progress and 

changes agreed under the Basel Convention.  

- Corrigendum to Commission Regulation (EC) No 1379/2007 of 26 November 2007 per 08 

November 2008 

- Commission Regulation (EC) No 669/2008 of 15 July 2008 on completing Annex IC of Regulation 

(EC) No 1013/2006 of the European Parliament and of the Council of 14 June 2006 on 

shipments of waste.  
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- Commission Regulation (EC) No 1418/2007 of 29 November 2007concerning the export for 

recovery of certain waste listed in Annex III or IIIA to Regulation (EC) No 1013/2006 of the 

European Parliament and of the Council to certain countries to which the OECD Decision on 

the control of transboundary movements of wastes does not apply.  

- This regulation takes into account recent answers by non-OECD countries concerning their 

rules on import of green-listed non-hazardous wastes and replaces with its entry into force on 

18 December 2007 Regulation (EC) No 801/2007 of 6 July 2007. Regulation No 801/2007 

continues to apply for 60 days after 18.12.2007 to certain wastes (see Article 3 of Regulation 

(EC) No 1418/2007). 

- Commission Regulation (EC) No 740/2008 of 29 July 2008 amending Regulation (EC) No 

1418/2007 as regards the procedures to be followed for export of waste to certain countries. 

This regulation takes account of additional answers by non-OECD countries concerning their 

rules on import of green-listed non-hazardous wastes 

- Commission Regulation (EC) No 967/2009 of 15 October 2009 amending Regulation (EC) No 

1418/2007 concerning the export for recovery of certain waste to certain non-OECD countries. 

This regulation takes account of additional answers by non-OECD countries concerning their 

rules on import of green-listed non-hazardous wastes 

- Commission Regulation (EC) No 837/2010 of 23 September 2010 amending Regulation (EC) No 

1418/2007 concerning the export for recovery of certain waste to certain non-OECD countries. 

This regulation takes account of additional answers by non-OECD countries concerning their 

rules on import of green-listed non-hazardous wastes 

- the Council Regulation (EEC) No 259/93 of 1 February 1993, on the supervision and control of 

shipments of waste within, into and out of the European Community,  

The most relevant to LFM is the Regulation (EC) No 1013/2006, on shipments of waste, as it applies 

today, after various amendments.  

Within the scope of this report fall only the regulations related to waste shipments exclusively within 

Member States. Therefore, the only provision of the Regulation that applies in this case is Article 33 

titled: “Application of this Regulation to shipments exclusively within Member States”. Member 

States are solely responsible for the shipments of waste that take place within their jurisdiction 

(satisfying the prerequisite for coherence to the Community System established under Titles II and 

VII of the Regulation). Furthermore, the Member States are obliged to inform the EC of the system of 

supervision and control that they will apply and the EC will be responsible for notifying all other 

Member States.   
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3.1.4. Specific waste streams 

Apart from the core Directives presented in the previous sections, there are also thematic Directives 

and Decisions on specific waste streams. Among these, the following are related to materials that 

may be found in municipal solid waste: 

 

1. WASTE OILS: Council Directive 75/439/EEC of 16 June 1975 on the disposal of waste oils 

(REPEALED) 

The Directive is dates 1975 but it has been partially amended many times since. The final 

consolidated version (dated 12/12/2010) was repealed by and integrated into the WFD 

2008/98/EC.  

 

2. WASTE BATTERIES & ACCUMULATORS: Directive 2006/66/EC of the European Parliament and 

of the Council of 6 September 2006 on batteries and accumulators and waste batteries and 

accumulators and repealing Directive 91/157/EEC  

The Directive 2006/66/EC repeals the older Directive 91/157/EEC (on the same issue) and sets the 

basis for batteries & accumulators (B&A) management (both new and waste), since they usually 

include hazardous substances.  

The Directive has been also amended and complemented by several Directives, Decisions, 

Regulations and Corrigenda:  

 Corrigendum to Article 12(4) of the Directive 2006/66/EC 

 Directive 2008/12/EC of the European Parliament and of the Council of 11 March 2008 

amending Directive 2006/66/EC on batteries and accumulators and waste batteries and 

accumulators, as regards the implementing powers conferred on the EC. 

 Directive 2008/103/EC of the European Parliament and of the Council of 19 November 2008 

amending Directive 2006/66/EC on batteries and accumulators and waste batteries and 

accumulators as regards placing batteries and accumulators on the market 

 EC Decision 2008/763/EC establishing, pursuant to Directive 2006/66/EC of the European 

Parliament and of the Council, a common methodology for the calculation of annual sales 

of portable batteries and accumulators to end-users 

 EC Decision 2009/603/EC establishing requirements for registration of producers of batteries 

and accumulators in accordance with Directive 2006/66/EC of the European Parliament 

and of the Council 
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 EC Decision 2009/851/EC establishing a questionnaire for Member States reports on the 

implementation of Directive 2006/66/EC of the European Parliament and of the Council on 

batteries and accumulators and waste batteries and accumulators 

 Commission Regulation (EU) No 1103/2010 establishing, pursuant to Directive 2006/66/EC of 

the European Parliament and of the Council, rules as regards capacity labelling of portable 

secondary (rechargeable) and automotive batteries and accumulators 

 Commission Regulation (EU) No 493/2012 of 11 June 2012 laying down, pursuant to Directive 

2006/66/EC of the European Parliament and of the Council, detailed rules regarding the 

calculation of recycling efficiencies of the recycling processes of waste batteries and 

accumulators 

Even though the abovementioned amendments and additions are related to marketing of B&A, as 

well as to rules and regulations for homogenized calculations among the Member States, the core 

of the Directive 2006/66/EC has not been altered significantly.  

Focusing on waste B&A, the overall environmental objective of the Directive is the separate 

collection of B&A and the lower of the B&A content in municipal solid waste. To this end, the 

Directive requires that the member states will adopt appropriate economic instruments and 

collection systems that will provide incentives to the general public for using collection points for 

B&A disposal, instead of the mixed waste collection system.  

The targets set by the Directive reach until 2016, when 45% of waste B&A should be separately 

collected. Furthermore, the Directive requires that the Member States ensure: 

 the use of BAT in treatment and recycling of B&A 

 the application of health, safety and waste management schemes compliant to EU 

Regulations 

 landfilling of hazardous waste B&A only if there is no environmentally, economically and 

socially preferable option 

 the separation of waste B&A from WEEE, if jointly collected 

 the recycling efficiency targets set in the Directive 

 the encouragement for “the development of new recycling and treatment technologies, 

and promote research into environmentally friendly and cost-effective recycling methods 

for all types of batteries and accumulators.” 

 The introduction of certified environmental management schemes (EMAS) 

 The disposal of waste B&A in landfills or incinerators should never occur without both 

treatment and recycling first 
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3. PACKAGING WASTE: Directive 94/62/EC of 20 December 1994 on packaging and 

packaging waste.  

The packaging waste Directive has been amended several times and mainly by:  

 Regulation (EC) No 1882/2003 of the European Parliament and of the Council of 29 

September 2003 

 Directive 2004/12/EC of the European Parliament and of the Council of 11 February 2004  

 Directive 2005/20/EC of the European Parliament and of the Council of 9 March 2005  

 Regulation (EC) No 219/2009 of the European Parliament and of the Council of 11 March 

2009 

 Commission Directive 2013/2/EU of 7 February 2013 

The last consolidated version was published on 28/2/2003. 

The objectives of the Directive are similar to those of the WFD, i.e. environmental protection and 

proper functioning of the internal market. The means to achieve these objectives are based on the 

waste hierarchy and, therefore, they include: 

 preventing the production of packaging waste;  

 reusing packaging; 

 recycling;  

 recovering packaging waste; and 

 reducing the final disposal of such waste.  

For each of the abovementioned phases, the Directive provides for certain requirements for 

Member States, setting quantitative targets for recovery and recycling and encouraging the 

adoption of information systems, management plans, economic instruments and adaptation to 

scientific and technological progress.  

 

4. END-OF-LIFE VEHICLES: Directive 94/62/EC of the European Parliament and of the Council of 

18 September 2000 on end-of-life vehicles 

The end-of-life (EOL) vehicles Directive has been amended several times and mainly by:  

 Commission Decision 2002/525/EC of 27 June 2002 

 Commission Decision 2005/63/EC of 24 January 2005 
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 Commission Decision 2005/438/EC of 10 June 2005 

 Council Decision 2005/673/EC of 20 September 2005 

 Directive 2008/33/EC of the European Parliament and of the Council of 11 March 2008  

 Commission Decision 2008/689/EC of 1 August 2008 

 Directive 2008/112/EC of the European Parliament and of the Council of 16 December 2008 

 Commission Decision 2010/115/EU of 23 February 2010 

 Commission Directive 2011/37/EU of 30 March 2011 

 Commission Directive 2013/28/EU of 17 May 2013 

The last consolidated version was published on 11/6/2013. 

The objectives of the EOL Directive are similar to those of the WFD, i.e. application of the waste 

hierarchy to the EOL vehicles, to reduce waste disposal. Additionally, there is an objective for 

“improvement in the environmental performance of all of the economic operators involved in the 

life cycle of vehicles and especially the operators directly involved in the treatment of end-of life 

vehicles”. The means to achieve these objectives include: 

 Reduction of hazardous substances in the materials used for vehicle manufacturing;  

 Creation of EOL vehicles collection systems and availability of collection facilities 

 Measures to ensure that all EOL vehicles pass through the collection systems  

 Treatment, based on the provision of the waste directive (therefore based on the WFD) 

 Application of the waste hierarchy on the components which are suitable for reuse, 

recovery, recycling 

For each of the abovementioned phases, the Directive provides for certain requirements for 

Member States, setting quantitative targets for reuse/recovery and reuse/recycling, and 

encouraging the adoption of standardization and information systems.  

 

5. WEEE: Directive 2002/96/EC of the European Parliament and of the Council of 27 January 

2003 on waste electrical and electronic equipment (WEEE) - Joint declaration of the 

European Parliament, the Council and the Commission relating to Article 9 
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3.1.5. Raw materials strategy 

The Raw Materials Strategy which is now in effect in the EU was initiated in 2011 by the European 

Parliament (EP), through the “resolution of 13 September 2011 on an effective raw materials 

strategy for Europe (2011/2056(INI))”. In this particular document, the EP highlights the fact that 

Europe has challenges and great opportunities in front, connected to raw materials, stressing in 

parallel that resource efficiency is a necessary prerequisite for developing a robust raw materials 

strategy. In regard to waste strategy, the EP agrees with the EC opinion that: “better 

implementation and enforcement of existing waste legislation is essential to the promotion of a 

more resource-efficient Europe”. To this effect, the resolution stresses the following aspects:  

 the importance of consistent application of the waste hierarchy (WFD) 

 lowering the level of goods consumption and preventing waste generation, while 

promoting reuse are key factors for resource efficiency 

 the gradual introduction of a general ban on waste landfilling 

 in continuation of the WFD, the ban on biodegradable municipal waste in landfills should be 

extended in order to achieve more ambitious goals from 2020 on 

The latest report from the Commission to the European Parliament, the Council, the European 

Economic and Social Committee and the Committee of the Regions, on the implementation of the 

Raw Materials Initiative, provides useful insights on the future of the policy on raw materials and 

waste.  

 

3.2. National framework and Legislation 

3.2.1. Introduction 

The general guidelines for waste management policy formulated and determined by the Ministry of 

Environment, Energy and Climate Change (MEECC) in collaboration with the other Ministries and 

the collective instruments of local government aim at taking appropriate measures to promote: (i) 

the prevention or reduction of production and (ii) the harmfulness of waste, in particular the 

development of clean and more affordable technologies, that may lead to milder exploitation of 

natural resources, to the technical development and marketing of products designed for 

minimization of waste and hazards, (iii) the development of appropriate techniques for final 

disposal of dangerous substances contained in waste destined for recovery and (iv) the recovery 

of waste by means of recycling, re-use or reclamation or any other process, which aims at 

extracting secondary raw materials , or the use of waste as an energy source. 

Measures taken include primarily training framework specifications and drawing general waste 

management plans referring mainly to:  

 disposal methods; 
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 specifications for temporary storage of waste; 

 eligibility criteria and site selection criteria of disposal or recovery of waste; 

 general standards of disposal and recovery facilities; 

 general specifications for remediation after closure or their related facilities; 

 general specifications for remediation of uncontrolled disposal sites; 

 criteria for determining the length of aftercare facilities or premises after the termination of 

their operation. 

Furthermore, enforcing these measures, MEECC may cooperate with other Member States and the 

European Commission.  

 

3.2.2. General framework 

The legal framework governing the management of waste in Greece is now defined by: 

Law 2939/2001 ( Government Gazette 179/A/06.08.2001) "Packaging and alternative management 

of packaging of other products - Establishment of the National Organisation for the Alternative 

Management of Packaging and Other Products ( EOEDSAP ) and other provisions" , as amended 

by: 

 Law 3854 / 10 ( GG 94/A/23.06.2010 ) "Amendment of legislation for the alternative 

management of packaging and other products , and the National Organization of 

Alternative management of Packaging and Other Products ( NOAMPOP ) and other 

provisions " and by  

 Law 4042/2012 

Law 4042/2012 ( GG 24/A/13-2-2012 ) "Criminal Protection of the environment - Compliance with 

Directive 2008/99/EC - Framework waste generation and management - Compliance with 

Directive 2008/98/EC - Setting matters of the Ministry of Environment, Energy and Climate Change ", 

which incorporates into national law Directive framework 2008/98/EE waste, and the specific 

provisions of Law 4014/11 ( Government Gazette 209/A/21-9-11 ) ' Environmental licensing projects 

and activities , setting arbitrary in relation to creating environmental balance and other provisions 

concerning the Ministry of Environment "as amended and in force . 

The national law also incorporated key EU directives on waste, such as: 

 JMD 29407/3508/2002 the CMD (OG 1572 B) « Measures and conditions for the 

landfill of waste" for incorporation of Directive 1999/31/EC , and 
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 JMD 22912/1117/2005 ( GG 759 B) « Measures and conditions for the prevention and 

reduction of environmental pollution from waste incineration " for incorporation of 

Directive 2000/76/EC, with immediate effect the European Waste Catalogue ( 

EWC), in accordance with the Annex to Decision 2002/532/EC , as amended and in 

force. 

To regulate specific issues has been a series of joint ministerial decisions, the most important of 

which are: 

 JMD No. 50910/2727/2003 "Measures and Conditions for Solid Waste Management. 

National and regional management ", as amended by Law 4042/2012 

 JMD 13588/725/2006 "Measures , conditions and restrictions for the management of 

hazardous waste in compliance with the provisions of Directive 91/689/EEC " 

Hazardous Waste "of the Council of 12 December 1991 ", as amended by Law 

4042/2012 and 

 JMD 146163 /2012 "Measures and conditions for Sanitary Waste Management Units 

1991 ", issued delegated under Article 38 , paragraph 7 of Law 4042/2012 . 

3.2.3. Recycling – Alternative waste management systems 

- Law 2939/2001 ( Government Gazette 179/A/06.08.2001 ) " Packaging and alternative 

management other packaging products - Establishment of the National Organisation for the 

Alternative Management Packaging and Other Products ( EOEDSAP ) and other provisions "as 

amended and enter into force. 

- Law 3854/2010 ( Government Gazette 94/A/23.06.2010 ) "Changing the law on alternative 

management of packaging and other products and the National Agency for Alternative 

Management of Packaging and Other Products ( NOAMPOP ) and other provisions "as amended 

and enter into force. 

- JMD 104826/2004 ( Government Gazette 849 V/9.6.2004 ) "Determining amount of compensatory 

fees individually or collectively alternative management systems for packaging / other products ( 

as defined in Article 2 , paragraph 4 , of Law 2939/2001 ) in application of Article 7 ( § B1 , par. a3 

and B2 par , par. a5 ) and Article 17 of Law 2939/2001 " Packaging and alternative management of 

packaging and other products etc. " ( A179 ) " 

- JMD 112145/2004 ( GG 1916 V/24.12.2004 ) " Separate indication of the financial contribution on 

the sales invoices at all stages of the sale of tires of vehicles, batteries and accumulators , electrical 

and electronic equipment, vehicles , oils , excluding invoices addressed to end Buyers users - 

traders 

- JMD 9268/469/07 JMD ( Official Gazette B 286 ) "Modification of quantitative targets for recovery 

and recycling of packaging waste in accordance with Article 10 ( § A1 , last paragraph) of Law 

2939/2001 (A 179), and the other provisions of this law , in compliance with the provisions of 
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Directive 2004/12/EC " amending Directive 94/62/EC on packaging and packaging waste " of 11 

February 2004 » 

- JMD 9303/454/E103/2009 (GG 408 V/5.3.09) Fixing height compensatory fees from individually or 

collectively alternative management systems for packaging / other products license management 

alternative (a CAM). 

- JMD 41624.2057.E103/2010 CMD (OG 1625V/11-10-2010). Measures, terms and program for 

alternative management of waste batteries and accumulators 

- JMD 36259/1757/E103/2010 CMD (OG 1312V / 24-08-2010). Measures, terms and program for 

alternative management of waste from excavation, construction and demolition (EECCA) 

- Presidential Decree 82/2004 (Government Gazette A 64/2.3.04) "Replacing the 98012/2001 / CMD» 

Defining measures and procedures for the management of waste oils "(B 40).’ «Measures and 

conditions program for the alternative management of Waste Lubricant Oils» 

- Decree 109/2004 (Government Gazette A 75/5.3.04) "Measures and conditions for alternative 

management Used vehicle tires. Schedule for the alternative management’ 

- Decree 116/2004 ( Government Gazette A 81/5.3.04 ) "Measures , terms and program for 

alternative management of end -of-life , spent their spare parts and the disabled catalytic 

converter in compliance with the provisions of Directive 2000/53/EC " on the vehicles at the end of 

life ' of 18 September 2000 » 

- Decree 117/2004 ( Government Gazette A 82/5.3.04 ) "Measures , terms and program for 

alternative management waste electrical and electronic equipment , in compliance with the 

provisions Directives 2002/95 " on the restriction of use of certain hazardous substances species in 

electrical and electronic equipment "and 2002/96 " on waste electrical and electronic equipment 

"of the Council of 27 January 2003 " 

- Presidential Decree 15/2006 (Government Gazette A 12 / 03.02.06) "Amendment of Presidential 

Decree 117/2004 (A 82), in compliance with the provisions of Directive 2003/108 ' amending 

Directive 2002/96 on waste electrical and electronic equipment (WEEE) "of Council of 8 December 

2003 

- MD ar.oik.133480 (FEK2711/V/27.11.2011). Amending Annex IB of Decree 117/2004. 

 

3.2.4. Solid waste management bodies 

The issues of waste management operators are regulated specifically by the following provisions: 

- JMD 50910/2727/2003 (GG 1909 B) « Measures and Conditions for Solid Waste Management. 

National and regional management, "as amended and in force.  
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- Law 3536/2007 (Government Gazette A 42/23.2.2007). Special Arrangements for migration policy 

and other matters concerning the Ministry of Interior, Public Administration and Decentralization 

(Article 30) 

- Law 3852/2010 (Government Gazette A ' 87/7.6.2010). New Architecture of Government and 

Decentralised Administration - Program Kallikratis. 

- Law 3854/2010 (Government Gazette 94/23.06.2010). Amend legislation on alternative 

management of packaging and other products and the National Agency for Alternative 

Management of Packaging and Other Products (NOAMPOP) and other provisions. 

- Law 3979/2011 (Government Gazette A 138, 16.6.2011). E-Government and other provisions 

(Article 42). 

- N.4071/2012 (Government Gazette 85/11.04.2012). Arrangements for local development, local 

government and decentralized administration Embed Directive 2009/50/EC. 
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CHAPTER 4. LANDFILLS  

4.1. Short history of Landfills  

Landfills represent the oldest and most common form of waste disposal, especially for MSW (Ghosh 

& Hasan, 2010). According to the National Waste & Recycling Association of the USA, the 

association representing the private-sector waste and recycling industry in the USA, in the pre-

industrial era, waste was mostly incinerated and therefore only organic material and ashes were 

disposed on the ground without sanitary protection. The material was of such a nature that usually 

improved the soil properties instead of depleting it. Ancient landfills were mostly “rubbish dumps”, 

revealed by archaeological excavations. Everything that could be of any use was repaired and 

reused and landfilled, since limited resources called for material valorization.  

In the Middle Ages and afterwards, people moved to the urban centres, cities started to develop 

and waste was concentrated in limited space, forming large piles of ashes, organic waste and 

materials. Recovery activities were widely spread but limited in capacity and they regarded mostly 

leather, textiles, timber and partly metals. The main milestones in the history of landfills are 

presented in Figure 3.1-1.   

 

 

Figure 3.1-1. Timeline presenting a concise history of landfills [adaptation from NWRA (2014) and Chandrappa 

& Bhusan Das (2012)]  

 

4.2. Technology & equipment 

The equipment used at landfills is related to basic activities (Caterpillar, 2008): 

 Waste layering: Proper layer heights are key to decreasing cycle and compaction times 

and increasing production and efficiency. When layering, layers should be kept thin, 

because compacting layers of two feet or less decreases fuel consumption, heat load and 

machine damage and machines can cover more area per hour. Thick layers are spongy 

and compact only on the top, resulting in loose piles that may result in difficult 
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management of disposal (especially if waste is to be mined in the future. Compacting thick 

layers increases rolling resistance and machine resistance while decreasing layering 

productivity.  

 Waste compaction: achieving maximum density is critical to proper space management in 

landfills. Compaction is the key element, since it is applied on a regular basis, by use of 

heavy machinery especially designed for pressing waste. Compaction should be performed 

uniformly along the layered waste. The benefits of successfully compacting waste include:  

o Longer extend of landfill life  

o Less space occupation 

o Settlement decrease 

o Void reduction  

o Reduction in windblown litter  

o Reduction in insect and rodent numbers 

o Less waste debris run-off by rain 

o More stable terrain for equipment traffic  

The equipment usually utilized is: track-tyre tractor or track loader. 

Two things considerably affect compaction density: moisture content and waste type 

Waste cover. A limited number of mobile machinery usually is capable of performing all 

necessary actions described above. 

 Stockpiling: is used as an intermediate stage between initial disposal and layering and it 

usually requires dedicated space and piece of machinery (e.g. wheel loader, which is 

usually the standard selection for this task).  

 Utility work (haulage, ditching, trenching, grading): auxiliary services provided by suitable 

machinery, not always readily available on site. Usual equipment includes: track-type 

tractors, track loaders, skid steers & multi-terrain loaders, etc. 

 Cell construction: this is an intermediate stage between successive waste disposal phases. It 

is shorter than disposal phases but it resembles typical earthworks and construction. Terrain 

formation, material layering and compaction, shaping of drainage ditches, final grade 

applications and other material handling works usually take place in this stage.  

Usual equipment for the task is: track-tyre Tractor, wheel tractor/scraper, articulated track, 

motor grader, vibratory compactor, backhoe loader etc.  
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4.3. Landfill rehabilitation  

After a LF has exhausted its useful life-time, eventually closure should take place, in order to protect 

public health and to rehabilitate the land. Closure of LF requires certain steps to materialize which 

involve (USEPA, 1993):  

 Stabilization 

The slope angle, slope length, and overlying soil load limit the stability of component interfaces 

(geomembrane with soil, geotextile, and geotextile/soil). Soil water pore pressures developed 

along interfaces also can dramatically reduce stability. If the design slope is steeper than the 

effective friction angles between materials, sliding instability generally will occur. Sudden sliding has 

the potential to cause tears in geomembranes, which require considerable time and expense to 

repair. Unstable slopes may require remedial measures to improve stability as a means of offsetting 

potential long-term maintenance costs. Methods to improve stability include using designs with 

flatter slopes, using textured material, constructing benches in the cover system, or reinforcing the 

cover soil above the membrane with geogrid or geotextile to minimize the driving force on the 

interface of concern. 

 Waste terrain finalization 

Modern theories of landscape design include the assessment of the balance of the natural 

ecology and the new ecosystem that will be installed on site, with the support of all necessary 

technical works will be constructed. The two main conditions for the final configuration are that the 

space will mix with the neighboring land and that will facilitate the natural runoff of stormwater. 

Thus, the final drainage system should be designed first and then the finalization of the terrain will 

follow. 

 Final cover system 

Design criteria for a final cover system should be selected to: 

i. Minimize infiltration of precipitation into the waste; 

ii. Promote good surface drainage; 

iii. Resist erosion; 

iv. Control landfill gas migration and/or enhance recovery; 

v. Separate waste from vectors (e.g., animals and insects); 

vi. Improve aesthetics; 

vii. Minimize long-term maintenance; 

viii. Protect human health and the environment; and 
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ix. Match final land-uses 

The LF cap usually is designed in the same way as the LF liner. It includes (from top to bottom): 

i. “Green” coverage with grass and low vegetation 

ii. Natural mold or compost 

iii. Infiltration layer, consisting of pebbles and gravel or from geo-synthetic materials 

iv. Clay, or bentonite liner 

v. Geotextile for HDPE membrane protection 

vi. HDPE membrane 

vii. Loose material for waste relief shaping 

 Drainage control systems  

Drainage layers are  

 Leachate and gas management systems  

The gas vent layer is usually 12 in. (30 cm) thick and should be located between the infiltration layer 

and the waste layer. Materials used in construction of the gas vent layer should be medium to 

coarse-grained porous materials such as those used in the drainage layer. Geosynthetic materials 

may be substituted for granular materials in the vent layer if equivalent performance can be 

demonstrated. Venting to an exterior collection point can be Biotic Layer provided by means such 

as horizontal pipes patterned laterally throughout the gas vent layer, which channel gases to 

vertical risers (or lateral headers. If vertical risers are used, their number should be minimized (as 

they are frequently vandalized) and located at high points in the cross-section.  

Leachate management should be realized through the existing internal drainage network of the LF. 

The pumping station (if any) and the leachate treatment unit should be operational at all times 

after closure, until monitoring shows that the closed LF is inactive and no more leachate is created.  

 

4.4. Landfills in Greece 

Dumping on land has been one of the most widely used methods for the final disposal of MSW and 

in Greece the open dumps became a common method for a long period of time (Mavropoulos & 

Kaliampakos, 1999). In 1993 the officially recognized uncontrolled landfill are 3099 (67% of the total), 

which made for an urgent complicated and difficult problem in the country.  

The elimination of uncontrolled waste disposal is a vital objective that will release financial 

resources and forces for integrated waste management and prevention (recycling and recovery 
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being a key development parameter). Towards this target, planned horizontal interventions lead to 

a drastic reduction of the environmental impact of uncontrolled disposal through closure and 

environmental remediation. 

Of the 69 active ULFs, the 27 (39%) are located on islands within five regions of the country (South 

Aegean, North Aegean Islands, Attica, Ionian Islands and Crete), serving a total of about 60,000 

residents that only 0 56 % of the population. Four regions, i.e. Western Macedonia, Thessaly, Epirus 

and Central Macedonia, have permanently eliminated uncontrolled disposal. In Crete, the only 

recorded ULF is on Gavdos Island, serving 98 residents, for which already launched the processes of 

closure and rehabilitation. For the majority of active ULFs, (apart from 4 cases), the MEECC has 

approved financing, issued administrative decisions for closures and has licensed rehabilitation. For 

the implementation of the ULFs rehabilitation program, over € 200 million of funding has been 

ensured by MEECC. 

Since the beginning of 2013, 94 ULFs have been rehabilitated and there are still 202 ULFs to be 

restored. For these 202, the 89 are pending construction or tendering procedures. It is expected 

that the all ULFs will be restored by the end of 2015. 

Regarding sanitary landfills in operation, the most recent data published by the Greek Ministry of 

Environment, Energy and Climate Change (MEECC), referring to 2012 (www.ypeka.gr), present the 

current status of landfills in Greece:  

 Total number of LFs: 79 sanitary landfills 

 Number of operational LFs: 75 

 Number of LFs in the Region of Central Macedonia (wider region of Life reclaim Project): 12.  

 Number of LFs in the area of Chalkidiki (where Polygyros Landfill is situated): 2 (Polygyros LF 

and Anthemoundas LF) 

It is anticipated that this number will further increase in the future, since there are many 

municipalities that are currently served by neighboring LFs, although this is in contrast with the 

regional planning. 

 

http://www.ypeka.gr/
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CHAPTER 5. LANDFILL MINING 

5.1. Introduction 

Landfill reclamation, or Landfill Mining (LFM),is a method of waste management that combines 

landfills as a resource and mining methods and can be generally described as “a process for 

extracting materials or other solid natural resources from waste materials that previously have been 

disposed of by burying them in the ground”(Krook et al., 2012).A more explicit definition, which is 

recurring frequently in the literature is given by Cossu et al. (1996) defines LFM as “the excavation 

and treatment of waste from an active or inactive landfill for one or more of the following purposes: 

conservation of landfill space, reduction in landfill area, elimination of a potential contamination 

source, mitigation of an existing contamination source, energy recovery from excavated waste, 

reuse of recovered materials, reduction in waste management system costs and site re-

development”. In this definition, the emphasis is placed on some of the goals and the objectives of 

LFM, which are depicted in Fig.4.1.-1. 

 

Figure 4.1.-1: Indicative objectives of LFM 

In particular, LFM is a method that can be used in many occasions and for achieving different 

results. Its main function is to reduce the amount of landfill mass from the closed landfill and/or 

temporarily remove hazardous material to allow protective measures to be taken. In the process 

mining might recover recyclates (Waste-to-Resources, WtR), a combustible fraction (Waste-to-

Energy, WtE), soil, and landfill space. The aeration of the landfill soil is a secondary benefit regarding 

the landfills future use. The overall appearance of the landfill mining procedure is a sequence of 

processing machines laid out in a functional conveyor system. The operating principle is to 

excavate, sieve and sort the landfill material (Reno Sam, 2009) 
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Until recently, the main motives for LFM projects were remediation or land reclamation; however, 

recently there is a tendency to turn to LFM projects to recover energy or resources. WtE or energy-

from-waste (EfW) is the process of generating energy in the form of electricity and/or heat from the 

incineration of waste. Most WtE processes produce electricity and/or heat directly through 

combustion, or produce a combustible fuel, such as methane. The WtR concept is the recycling of 

waste, municipal or industrial, to get raw materials that are commercially acceptable. 

The actual LFM follows a series of mechanical processing operations to achieve its objectives. The 

typical equipment used includes excavators, screens and conveyors. Complex LFM operations 

recover additional materials and improve the purity of recovered materials, and therefore have 

additional specialized equipment (Reno Sam, 2009). 

In general, LFM is still evolving; it is constantly adapting to the needs of different generations and to 

new technological advances, mainly for the recovery of specific materials and land space. 

 

5.2. History of LFM 

The concept of Landfill Mining (LFM) was first used in the 1950‘s in Israel (Savage et al., 1993; Vander 

Zee et al. 2004). The Hiriya landfill operated by the Dan Region Authority next to the city of Aviv was 

excavated so that the fine fraction could be separated to produce soil amendment that was 

going to be sold for agricultural application. Using a simple method which combined a clamshell, a 

front-end loader and a trommel screen, the fine fraction was separated and recycled. The coarse 

fraction was also separated to different material streams and was being sent to recycling. 

However, the fine fragment contained large amounts of broken glass, which limited its use in citrus 

groves and as landfill cover material, the soil layer that is necessary to cover the waste every day. 

All in all, it was a revolutionary method that was put to practice for the first time, and it opened the 

way to future LFM projects.  

LFM is a rather old idea but, due to its controversial nature, it is only recently that it has started to 

become more popular. It had its actual start only in the 1990s, in most cases limited to extraction of 

methane, partial recovery of valuable metals and/or land reclamation (Krook et al, 2012; Prechtai 

et al, 2008; Vander Zee et al, 2004). Since that first application, only around 60 other LFM projects 

are reported in the literature (Ricardo-AEA, 2013), a relative miniscule number comparing to the 

estimated number of landfills; In the EU alone, there are between 150,000 and 500,000 , closed and 

active landfills (Jones, 2012; Hogland et al., 2011 and Vossen, 2005). 

Thus, the concept “out of sight, out of mind” used to be the general behaviour towards waste 

(Suflita et al., 1992), up until the late 1980‘s, when the boom of LFM took place. There were plenty of 

reasons: people started to be more aware of the environmental cost of waste and landfills, which 

resulted in firmer regulations about landfills and LFM provided a solution to landfill lifetime 

expansion, modernisation and remediation, especially for old, unlined and uncontrolled dumpsites. 

Also, there was a new urge for recovery of materials and LFM was an opportunity towards that 

direction (Savage et al., 1993).  

http://en.wikipedia.org/wiki/Hiriya
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Prompted by all that, the first documented US project in LFM started in 1987, at the Naples landfill of 

Collier County, Florida (Nelson, 1994). The main objective of this reclamation was the usage of 

excavated refuse as fuel for a municipal solid waste incinerator, which finally was abandoned after 

the waste-to-energy (WtE) facility contract was terminated (Spencer, 1990), but also to eliminate 

the threat of groundwater contamination, to expand the capacity of the landfill and recover daily 

cover material as well (Lee and Jones, 1990). In fact, recycling the soil cover was the most 

profitable aspect of this undertaking because the soil in Florida is scarce and expensive. Thus, it 

rendered the mining of the site economically feasible, until the end of the project in 1992.  

Many other LFM projects and test studies followed after the Collier County one in the US. Although it 

has been proved difficult to locate all of them, there are a great number of LFM applications in the 

literature. The Martone Sanitary landfill in Barre, Massachusetts is an example, which was mined until 

1992 to expand the landfill and modernising the old cells with impermeable liners, recovering in the 

process soil for use as daily cover (Kornberg et al., 1993). Furthermore, the ―Garbage Project in 

1987 gave some insight on the contents of landfills via sampling and analysing a series of landfills 

such as the Durham Road Landfill, Fremont, California, the Vincent H. Mullins Landfill, Tucson, 

Arizona and the Greene Valley, Naperville, Illinois (Rathjeet al., 1988). The Bethlehem landfill in New 

Hampshire was also given a permit for expansion and mining in 1989. The LFM objective was again 

the lining of the older part of the site and the recovery of soil cover. However, in this case the 

permit imposed specific guidance for the monitoring of air, soil, groundwater and leachate quality 

as well as the release of odours (Kornberg et al., 1993). Another known LFM project of the same 

period was held in Thompson, Connecticut, during 1988-1989, with a view to extending the lifetime 

of the landfill which was due for closure. It successfully provided more space for landfilling and 

recovered dirt for use as cover material (Spencer 1990, Kornberg et al., 1993). In addition, the Frey 

Farm Landfill in Lancaster, Pennsylvania held a LFM project during 1991-1996, to provide the local 

incinerator with wastes, which were mixed with raw refuse that provided higher heat yield. The 

process proved to be successful for the recovery of space, energy, soil and ferrous metals at times 

and the costs were kept low because the site and the incineration facility belonged to the same 

management. On the other hand, odour and other air emissions were detected, although the 

safety measures taken were specifically designed (US EPA, 1997). Other LFM projects documented 

in the literature are at Nashville, Tennessee and in Newbury, Massachusetts, both begun in 1993 

(Nelson, 1995). Two more recent pilot LFM studies have also been carried in Halifax, Vermont 

(Reeves and Murray, 1996) and in Burlington County, New Jersey (Hull et al., 2005). In Canada, only 

one case of LFM has been recorded at McDougal, Ontario 1994, (Nelson, 1995).  

The New York State Energy Research and Development Authority (NYSERDA) were impressed by 

the results in other LFM projects and sponsored a number of pilot tests and small scale reclamation 

works in the early 1990‘s. The mining of the Edinburg landfill was their first LFM demonstration project 

and it is mentioned frequently in the literature (Spencer 1990, Spencer, 1991, Kornberg et al., 1993, 

Nelson, 1994, Krogmann and Qu, 1997, US EPA, 1997). The main aims of this project were evaluating 

the LFM process, equipment needs and safety requirements, eliminating the footprint of the landfill 

and recovering any materials available. Many other LFM pilot studies followed in the state of New 

York such as at the community landfill of Hague (Nelson, 1994), and at the town of Chester, 

Horicon, Colonie, Tonawanda and Moria (Krogmann and Qu, 1997). Very interesting is also a 
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privately financed composition investigation in the landfill of Fresh Kills, Staten Island, New York City, 

which is one of the oldest and possibly the largest landfill in the world (Suflita et al, 1992). 

In the more environmentally aware Europe, it is fairly recently that the idea of LFM has become 

more popular and is being tested in various sites. The first country of Europe that hosted any LFM 

activity was Germany, where a study in the landfill of Burghof was conducted (Rettenberger, 1995). 

The same steps were followed by the Netherlands, where landfilling is being gradually abandoned 

as a waste treatment practice, in Apeldoorn, Arnhem, Heiloo and Born (Van der Zee et al., 2004). 

Other similar documented projects took place in Sweden, where LFM studies have been carried 

out at the Filborna landfill site (Hoglandet al., 1995), the Måsalycke and the Gladsax (Hogland, 

2002, Hoglandet al., 2003). Also, in Italy, where LFM has been discussed for over a decade at the 

biennial ―International Landfill Symposiums in Cagliari, Sardinia, where pilot studies were carried out 

in a local landfill (Cossu et al., 1995) and the recovery of materials from the industrial landfill of 

Crescentino in the north of the country has been investigated (Gordio et al., 1999, Zanetti and 

Gordio, 2006). In other EU countries, there have been some studies discussing the potential of 

landfill reclamation but no action towards that direction has ever been documented. There also 

have been some LFM cases in the UK, mainly for regulatory and compliance reasons such as 

introducing liners because LFM complements existing landfill closure or capping methods (Nelson, 

1994), but they do not appear in the literature. Pilot studies have also been carried out such as the 

small feasibility study carried out by the Norfolk Environmental Waste Services (NEWS) landfill in 

Costessey (Horth, 2006). It demonstrated that the most recoverable materials were plastics and soil, 

due to the low metal content of the landfill, however there was a 50% gain of landfill space which 

was really important. More recently, Ricardo-AEA released the “Feasibility and Viability of Landfill 

Mining and Reclamation in Scotland” scoping report (2013) for the Zero waste Scotland initiative. 

This report covers also the case of the Packington landfill in Birmingham (Hayward-Higham, 2008), 

which was the first out of three significant landfill mining projects undertaken by SITA in the UK 

(2008). These projects were undertaken for the purpose of improvement of cell engineering, and 

therefore resource recovery or reclamation of land were not the driving factors. Other EU countries 

that have taken interest in LFM and have conducted some studies in this direction are Austria, 

Czech Republic (Goeschl, 2010), Denmark, Switzerland (Reno Sam, 2009), Finland (Kaartinen et al., 

2013) and Belgium (Wille et al., 2013). 

In the rest of the world, several LFM studies and projects have occurred, mainly in Asia. In India in 

particular, there have been three cases in the literature: a pilot study at the Deonar landfill, near 

Mumbai, to determine the feasibility of the recovery of waste as compost, conducted in 1989, and 

a newer LFM study comparing the composition of landfills Kodungaiyur and Perungudi, near 

Chennai, which took place during 2001-2003, to determine the degradation status of the waste 

and the possible benefits from the reclamation (Kurian et al., 2003, Hoglandet al., 2005). Japan is a 

country that has always been keen on minimising landfilling and many LFM projects have been 

carried out recently, with a view to using the excavated waste as fuel for energy (Yokoyama et al., 

2006). Two other pilot studies have been recorded in Thailand, at the Nonthaburi dumpsite 

(Prechthai et al., 2008) to eliminate the danger of water pollution and evaluate the potential 

recovery of materials, and at the KhonKaen landfill, which aimed at investigating if the fine fraction 

could be recovered as compost (Prabpai et al., 2007). An LFM project in the Nanjido landfill of 

Seoul, Korea is also mentioned in the literature (Reno Sam, 2009). China has also being also 
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exploring the idea of LFM. San Lin landfill is the first project that can be found in the literature and its 

main goal was to investigate the opportunity to combine existing landfills and horticulture activities 

using LFM and greenhouse growing systems (Kurian et al., 2004). Also, two pilot studies, one in 1999 

and the other in 2005, were carried out in the landfill of Shanghai, to determine the degree of 

stabilisation of the refuse and determine the possible recovery of materials (Zhao et al. 2007, Lou et 

al., 2009).Other countries taking up LFM pilot studies in Asia that are mentioned in the references 

are Lebanon, Pakistan and Turkey (Lechtenberg, 2010) 

A formal public discussion around LFM was successfully initiated in October 2008, when the first 

Global Landfill Mining Conference took place in London, in an attempt to promote this method to 

the UK mass media. A second Global Landfill Mining Conference took place in September 2010 

and a third one is soon going to be organised, probably in 2014. Another similar initiative was 

developed in Belgium, where two symposiums were held, first in 2010 and then in 2013 with much 

more participation, focusing more on the concept of “Enhanced Landfill Mining” (ELFM), a 

concept which is a key solution to closing the material loops towards a circular materials’ 

economy. ELFM is defined as "the safe conditioning, excavation and integrated valorisation of 

(historic and/or future) landfilled waste streams as both materials and energy, using innovative 

transformation technologies and respecting the most stringent social and ecological criteria". A 

consortium of companies, agencies, organisations and academics has been built around these 

concepts and thus some small scale LFM projects have already been carried out in Flanders. One 

of the main objectives of this consortium is the financing and implementation of the ‘Closing-the-

Circle’ project, which includes the pilot application of GasplasmaTM technology in the Remo landfill 

in Flanders to use as a method of ELFM. 

Apart from these, it is certain that many other LFM projects and studies have occurred without 

being documented in the literature. A Timeline of the known cases of LFM is depicted in Fig.4.2.-1 

which summarises the information given about most of the aforementioned LFM projects and 

studies, arranged according to the time they were conducted.  

 

Figure 4.2.-1: The timeline of Landfill Mining: the evolution of the method through some documented 

applications  
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Also, for a more detailed approach, the Table 4.2.-1 below lists all the LFM projects that were found 

in the literature, giving also their sources: 

Table 4.2.-1: Indicative list of LFM projects worldwide 

Landfill Year of 

Project 

References 

Tel-Aviv, Israel 1953 Savage et al., 1993 

Naples, Collier County, Florida, US 1986 Naber, 1987, Spencer 1990, Hitchens et al, 1993, Romberg 

et al., 1993, Nelson, 1995, US EPA, 1997 

Durham Road Landfill, Fremont, 

California, US 

1987 Rathje et al., 1989 

Greene Valley, Naperville, Illinois, US 1987 Rathje et al., 1990 

Vincent H. Mullins Landfill Tucson, 

Arizona, US 

1987 Rathje et al., 1988 

Thompson, Connecticut, US 1988 Spencer 1990, Romberg et al., 1993 

Bethlehem, New Hampshire, US 1989 Romberg et al., 1993, Nelson, 1995 

Deonar, Mumbai, India 1989 Rurian et al., 2003 (source: Coad, 1997) 

Edinburg, NY, US 1990 Spencer 1990, Spencer, 1991, Romberg et al., 1993, Nelson, 

1994, Rrogmann and Qu, 1997, US EPA, 1997 

Horicon, NY, US  Hogland 2002 

Chester, NY, US  Hogland 2002 

Coloni, NY, US  Hogland 2002 

Sandtown, Delaware, US  Hogland 2002 

Martone landfill, Barre, 

Massachusetts, US 

 Romberg et al., 1993 

Fresh Kills, New York City, NY, US  Suflita et al, 1992 

Frey Farm, Lancaster, Pennsylvania, 

US 

1991 Flosdorf and Alexieff, 1993, Romberg et al., 1993, Nelson, 

1994, Nelson, 1995, US EPA, 1997 

Burghot, Ludwigsburg, Germany 1993 Rettenberger, 1995 

Schoneiche, Germany  Hogland, 2002 

Dresden, Germany  Hogland, 2002 

Sengenbuhl, Germany  Hogland, 2002 

Dobeln-Hohenlauft, Germany  Hogland, 2002 

Basslitz, Germany  Hogland, 2002 

Landskrona, Sweden 1993 RenoSam, 2009 

Nashville, Tennessee, US 1993 Nelson, 1995 

Newbury, Massachusetts, US 1993 Nelson, 1995 

Filborna, Helsingborg, Sweden 1994 Hogland et al., 1995 

Hague, NY, US 1994 Nelson, 1994, Nelson, 1995 

McDougal, Ontario, Canada 1994 Nelson, 1995 

Sardinia, Italy 1994 Cossu et al, 1995 

Halifax, Vermont, US 1995 Reeves and Murray, 1996, Reno Sam, 2009 

San Lin, China  Kurian et al., 2004 

Shanghai, China 1999 Zhao et al. 2007, Lou et al., 2009 

Gladsax, Sweden  Hogland et al., 2003 

Masalycke, Sweden  Hogland, 2002, Hogland et al., 2003, Reno Sam, 2009 

Burlington County, New Jersey, US 2000 Hull et al., 2005 
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Landfill Year of 

Project 

References 

Strangnas, Sweden 2000 RenoSam, 2009 

Crescentino, North Italy  Gordio et al., 1999, Zanetti and Gordio, 2006 

Kodungaiyur, India 2001 Rurian et al., 2003, Hogland et al., 2005 

Perungundi, India 2001 Rurian et al., 2003, Hogland et al., 2005 

Apeldoorn, Netherlands  Van der Zee et al., 2004 

Arnhem, Netherlands  Van der Zee et al., 2004 

Born, Netherlands  Van der Zee et al., 2004 

Heiloo, Netherlands  Van der Zee et al., 2004 

Nonthaburi, Thailand 2006 Prechthai et al., 2008 

KhonKaen, Thailand  Prabpai et al., 2007 

Nanjido landfill, Seoul, Korea  RenoSam, 2009 

Sondermulldeponie Kolliken, 

Switzerland 

2007 RenoSam, 2009 

Whinney Hill, Lancashire, UK  Hayward-Higham, 2008 

Jameson Road, Lancashire, UK  Hayward-Higham, 2008 

Packington Landfill, Birmingham, UK   Hayward-Higham, 2008 

Lohja, Finland  Kaartinen et al., 2013 

Ämmässuo, Finland  Kaartinen et al., 2013 

Kujala, Finland  Kaartinen et al., 2013 

Kuopio, Finland  Kaartinen et al., 2013 

Zuienkerke, Flanders, Belgium  Wille et al., 2013 

Remo Landfill, Belgium  Van Passel et al, 2010, Van Vossen and Prent (2011) 

Life Reclaim, Polygyros, Greece 2013 (on-going project 2013-2016) 

 

A geographic representation of the LFM projects of the literature is given in the map of figure 5.2.-3. 
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Figure 5.2.-2: LFM applications around the World, according to the available literature (based on Table 5.2.-1) 
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5.3. Case studies 

The following projects have been selected to provide insight into the different types of historic or 

on-going LFMR projects: 

1) Edinburg and Hague, New York, US (Spencer, 1990; Spencer, 1991; Romberg et al., 1993; 

Nelson, 1994; Nelson, 1995; Rrogmann and Qu, 1997; US EPA, 1997; Kurian et al., 2004) 

One of the very first efforts in LFM started in 1988 when the New York State Energy Research 

and Development Authority (NYSERDA) selected the landfill of the small rural town of 

Edinburg as the host site to conduct a one-acre demonstration project, with the following 

main objectives: Determine equipment needs and optimal excavation procedures, 

separation, handling, and storage of materials, find uses and identify available markets for 

the materials, develop required processing needs for the materials, develop health and 

safety requirements and design a plan for future LFM in New York. 

The main process used was screening, where 25% of the mined wastes passed through a 7.6 

cm screen and was retained on a 2.5 cm, primarily cans and bottles. Materials larger than 

7.6 cm included plastics, textiles, paper, wood, and metal. A test burn of a sample of 

residue from the process was conducted indicating heating values between 4,700 and 

5,800 kJ/kg. The hand sorting of the larger than 2.5 cm fraction indicated that more than 

50% of the rejects could be recycled, although the excessive dirt could contaminate clean 

source-separated recyclables. Cleaning was also required for white goods and scrap metal 

to remove soil, then the material could be baled and sold. Analyses showed no 

contaminants. The soil fraction met standards for Class I compost and qualified for off-site 

uses such as clean fill in public construction projects and daily landfill cover. The Edinburg 

LFM was successful both in securing offsite uses for the reclaimed soil and in reducing the 

landfill footprint to decrease closure costs (USEPA, 1997).  

The Hague LFM Project, (1994), was the first successful effort in USA to dig up and entirely 

remove a 2.7 ha old landfill to return the site to its natural state (Nelson, 1995), for the 

purpose of using the land for recreational purposes. The project budget was $ 1.3 million 

which included removing 76,500 m3 of waste and recovering ferrous metal and soil fraction. 

Also, by composting on-site and re-screening a 31% weight reduction of the material was 

achieved.  

2) Halifax Landfill, Vermont, USA (Reeves and Murray, 1996; Reno Sam, 2009; Ricardo-AEA, 

2013)  

The LFM project in the Halifax landfill, took place in 1995 (Reeves and Murray, 1996) and it 

was funded with grants provided by the Vermont State. The small rural Halifax landfill (less 

than 1 acre) received municipal household waste from the 1970’s to its closure in 1992. The 

steep slopes of the landfill prevented its effective closure, thus, mining the waste was used 

to re-profile the poorly compacted, waste slopes. During land-filling, large quantities of soil 

were used as daily cover (soil:waste ratio around 1:1). The LFM process included passing 
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73,250m3of materials through a trommel screen, placing them back into the landfill and 

compacting them. The separated soil fraction was stored and used locally as road base 

and fill. It was also used as ‘topsoil’ on completion of capping at the site, after it was mixed 

(1:3) with local biosolids. The site was capped in 1995 

 

3) San Lin landfill, China (Kurian et al., 2004) 

An innovative and wholesome idea was explored at the San Lin landfill in China, where LFM 

technology was combined with horticulture activities (Sino - Australian Mission on Integrated 

Solid Waste Management, 1997). Trial LFM tests at the landfill showed that the reclaimed 

material could be separated by screening into a fertile soil fraction and a residual inorganic 

one, which could be used for energy recovery at a WtE facility. In the actual process, the 

old cells were excavated to reclaim the landfill space, which was prepared to receive new 

wastes according to regulations with new lining, reduction in bund wall dimensions and 

upgrading of leachate and gas collection systems. Thus, the completed cells were 

managed as in-situ bioreactors to achieve faster and more complete biodegradation of 

organic waste and higher gas yields. 

The reclaimed material was separated into biodegraded organics, combustible inorganics 

and non-combustible residuals. Biodegraded organics were mixed with other materials to 

produce a fertile growing medium for the greenhouse, while the combustibles were sent to 

an on-site WtE plant, and the non-combustible residue was returned to the new cells of the 

landfill. Reclaiming the space, the greenhouses for the horticulture activities were built on 

top of completed cells of the landfill. The WtE plant used the combustible waste and the 

biogas collected from the landfill to produce electricity for local use and for sale to the grid, 

and the excess heat was used to maintain the needed temperatures in the greenhouses to 

maximise the growth of the crops all year-round. 

 

4) Burghof landfill, Germany (Rettenberger et al., 1995;Cossu et al, 1996;Hogland et al., 

1997; Kurian et al., 2004) 

LFM was introduced in Europe in Germany, at the Burghof landfill site in 1993 (Rettenberger 

et al, 1995; Hogland et al, 1997), with the objective of remediating the landfill to build new 

cells according to the new environmental standards and technology. The project lasted 14 

months, during which 53,700tn of waste (mean bulk density of 1,160 kg/m3) was excavated 

and sorted. The fine fraction turned out to be the 70.5% of the material and it was recycled 

as a soil cover in the landfill. Another 17.5% was the “light” fraction, recovered as energy in 

a WtE plant. 

The Burghof LFM project achieved several goals: prolonged the life of the landfill by 

increasing the volume for waste deposition, improved the conditions of the once displaced 

waste providing stability and better “behaviour” and finally, it provided a good case study 

for the investigation into the feasibility of LFM, its technological and economical aspects 
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and the definition of the best suited environmental and health safety measures for the 

workers and the neighbouring properties (Cossu et al, 1996). 

 

5) Masalycke Landfill, Sweden (Reno Sam, 2009; Ricardo-AEA, 2013)  

The main objectives of the LFM research project in the Masalcyke landfill in Sweden were 1) 

the understanding of the degradation stage of landfilled wastes, so that their potential for 

recycling and energy recovery is determined and 2) the expansion of the municipal landfill 

due to the need for more capacity. The research excavation was small-scale. The wastes 

were then separated in three screen sizes of <18mm, 18-50mm and >50mm. The contents 

were about 29% paper, 19% wood, 17% organic and inorganic soils or unidentified items 

and35% of other materials include stones, hazardous waste and other recyclates. 

The results of this project showed that due to moisture content, the degradation of materials 

in the central layers of the waste was less than at the base and at the top. The output 

materials that were recovered included a soil fraction, which was used for soil improvement, 

a moistened organic fraction, which was landfilled again to recover biogas and plastics, 

separated, shredded and reprocessed into ‘Polyplanks’ (a mixture of plastic and wood) for 

construction purposes. The rest was placed back in the landfill. 

 

6) LFM for Metals, St. Helens, UK (Davinson, 2009)  

The St. Helens LFM project was first considered in 2000 following a site investigation and it 

involved the excavation and processing of 66,000tn of landfilled waste from this 1 acre 

historical site which mainly contained demolition waste from the 50’s and the 60’s. As the 

site was in need of remediation, it was indicated that the works could be self-funded by the 

recovery of metals from the disposed materials. To calculate the feasibility of this project, a 

series of sampling and processing trials were undertaken so that the non-ferrous and ferrous 

fractions of the metal contents of the landfill could be estimated. At the same time, the 

metal commodity prices were on the rise, giving an incentive to proceed with the trial and 

when the data came out positive, the full scale operation was commissioned. 

The equipment bought and rented, which was installed on-site, apart from the excavators, 

included an array of a washing plant, screens for separation in three size fractions (fine, mid 

size and coarse), magnets for ferrous and non-ferrous metals and a waste belt press. The 

time-schedule of the project, initially at 4-5 months, was extended to 3-4 years, mainly due 

to problems in securing the needed licenses and permissions, but also plant fine-tuning and 

breakdowns. However the project was deemed a success and there was no actual limit in 

time as it was a completely self-funded operation. The recovered metal was sufficient to 

cover an important part of the expenses and the investment in the equipment was 

recouped internally in the company. Finally, the increase of the land value and the actual 

removal of the landfill liability were very significant benefits, even though they were not 

estimated into the initial calculations. 
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7) Packington Landfill, Birmingham, UK (Hayward-Higham, 2008; Ricardo-AEA, 2013)  

Packington Landfill was the first of three significant LFM projects undertaken by SITA in the 

UK, along with the smaller-scale Whinney Hill and Jameson Road landfills in Lancashire, 

which combined involved the removal of almost 1 million m3 of waste. The main purpose of 

these projects was the improvement of the landfill cell and repairing of its seal. The landfill, 

situated on east Birmingham, is one of the largest landfills in the UK. The mined waste 

volume was around 650,000m3, estimated to have been landfilled in the 1970's. 

A lot of effort (almost six months) was given in the preparation and design of the LFM 

project, exploring the history of the landfill and determining the boundaries of the specific 

cell, using information such as old photographs, interviews with staff, filing records and 

investigative boreholes. The contents of the landfill were better estimated with this process 

and it was revealed that apart from MSW, the cell contained demolition waste (including 

concrete) and probably asbestos. This particularly led to taking special measures during the 

actual LFM, such as running a continuous water mist, to minimise the risk hazardous dust. 

Also, during the works, biogas extraction was maintained and leachate was not an issue. 

Particular attention was given to the communication with the locals and the authorities, 

before and during the project, as there were properties very close to the LFM works (from 

150 to 400m).  

SITA also came to the conclusion that resources recovery would require a far more involved 

and complicated process than simply excavating and relocating the wastes. From their 

experience, it appeared that the separation of the materials needs still to be addressed 

thoroughly as it poses the biggest challenge in LFM. The final conclusion of SITA was: 'landfill 

mining, practical yes, technically possible, potentially commercially viable, but far more 

complex than you may initially think'. 

 

8) Pilot Studies in Four Landfills in Finland (Kaartinen et al., 2013) 

Recently, studies have been conducted using sampling materials from four Finnish landfills 

with different ages (10 to 50 years) to evaluate the potential for LFM material recovery; the 

Ämmässuo landfill (Helsinki region) and the Kujala (southern Finland) which are relatively 

large, and the Lohja (southern Finland)and Kuopio(eastern Finland), both middle sized 

landfills. The actual sampling of the materials was conducted mainly through the installation 

of vertical gas collection wells (borehole Ø 0,9- 1,2 m) or water inspection wells (4 to 50 wells 

in different landfills) and from 2 to 4 different heights. Waste from Ämmässuo and Kujala 

landfills were hand-sorted, based on visual inspection, into seven categories (plastics, paper 

and cardboard, wood, metals, inert materials (e.g., glass, stones), textiles and residuals), 

whereas in Kuopio and Lohja, the samples were sieved first and then sorted. Also, the waste 

from Kuopio landfill (about 40tn of around 5-10 years old)was sorted using full-scale 

mechanical separation process, consisting of a shredder, a magnetic separator, a drum 
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sieve and a wind sieve, which worked properly even on only partly decomposed waste, 

saturated with water and containing soils. 

The results of the comparison between the different landfills were varied: the energy fraction 

contributes at maximum to 40-45% (w/w), and the metal contents are variegated greatly 

within each landfill. For all of them though, the largest fraction– up to 74% - to both old and 

new landfills appeared to be the fines fraction (<20 or <40 mm) which should be 

investigated further to enhance the economics of LFM projects. Finally, these findings prove 

the necessity of thorough preliminary studies as part of the exploration stage of any LFM 

project. 

 

9) Remo Landfill, Houthalen-Hechteren, Belgium (Steven Van Passel et al, 2010; (Waste 

Management World, 2011; Jones et al.2012; Ricardo-AEA, 2013) 

The 'Closing-the-Circle' project is supported by the consortium of Advanced Plasma Power 

(APP), Group Machiels, KU Leuven, VITO and UHasselt. It is combining the concept of 

'Enhanced Landfill Mining' (ELFM) with Gasplasma technology for a first case study in the 

Remo Milieubeheer NV landfill site in Houthalen-Hechteren, Flanders, Belgium. This particular 

landfill, dated from the 1970’s and on, holds 16Mt of waste, half of which is municipal (MSW) 

and the rest is industrial (IW). The landfill complies with national and EU regulations and has 

leachate and biogas collection. 

The area to be mined is around 1,29km2. The site is considered to be of good «age», as the 

years it was landfilled (1970 onwards) would yield high levels of recyclable materials, 

estimated to be around 45%. On-site investigations took place in 2009 revealing the 

contents to be stone (10%), wood (7%), metal (3%), plastic (17% MSW and 5% IW), textiles 

(7% MSW and 2% IW), paper/cardboard (8% MSW and 2% IW), <10mm (44% MSW and 64% 

IW). 

The main product of the project is Syngas, which is estimated to generate between 75MW 

to 100MW of electricity, enough to power 100,000 homes. The remaining product will be 

APP's trademark Plasmarok, a vitrified mass of material which can be used in construction. 

Considering also the social aspects, the reclaimed land value, the savings on CO2 emissions, 

etc., the consortium deems this project viable, though the LFM operation has yet to begin. 

Public inquiries have taken place in 2012 and regulatory considerations as well as financing 

are currently the main consideration delaying commencement of the project. 
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5.4. Technology & equipment 

As mentioned before, in practice, Landfill Mining (LFM) combines the concepts of landfill and 

mining engineering. Instead of seeing landfills as a final destination (Krook et al., 2010) LFM 

considers them an “ore”, a source for many different materials or space and use surface mining 

techniques to recover them. However, it has been understood from the literature that site-specific 

investigations are always a necessity (Krook et al., 2010) as no LFM project is similar to another, due 

to the variegation on their different characteristics: the main objectives of the project, the 

geographical region of the country, the age and the contents of the landfill, the potential 

hazardous wastes, etc.  

In most cases of the literature, the starting-point of the project is a specific landfill; the company or 

the local government that manages the site considers or adopts LFM for expanding its lifetime, 

modernising to adjust to regulations or other reasons. However, things might change in the near 

future. Van der Zee et al. (2004) are investigating the business potential of LFM applications, 

particularly for ex-landfill managing companies, due to the changes of solid waste management in 

the Netherlands and the consequent gradual closing of landfill sites. In the article «Assessing the 

market opportunities of landfill mining», the Dutch company Essent is investigating the option of 

including landfill reclamation in its activities, because of the decrease in landfilling, although a 

specific site is not yet chosen for this reason. Van der Zee et al. develop a method of desk study 

evaluation, using decision tools similar to Multi-Criteria Analysis, to reduce the choices to the best 

available, so that the expensive on-site investigation can be economically viable. 

After the site is chosen, every LFM project should start with careful planning. The US EPA report on 

«Landfill Reclamation» (1997), which gives a comprehensive approach on LFM, recommends taking 

specific steps in the project planning process, which are shown in Fig.4.4.-1 below: 

 

Figure 4.4.-1: Basic steps of a landfill mining desk study (data from US EPA, 1997) 

The project plan starts with a characterisation study about the portion of the landfill to be 

excavated, as landfills are heterogeneous and may hide hazardous waste. Idiosyncrasies such as 

local contaminated waste, structural voids and methane gas emissions, due to conditions of 

incomplete degradation, must be investigated and be considered when designing the project, 

because they define the development of the works and the safety precautions that are needed to 

Characterisation study 

Cost and Profit Estimation 

Health and Safety Plan 

Regulations, Permits and Financing 
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be taken. Information about the specific landfill is gathered from all the available sources, during a 

Desktop study and an On-site study: 

 Desktop Study: 

o documentation of the managing company such as waste deposit records, 

monitoring records, etc. 

o old photographic records 

o Interviews with long serving and retired staff 

o old survey data,  

o reports on the geophysical and hydrological surroundings of the site 

 On-site investigation: 

o borehole data 

o geophysical non-intrusive exploration methods such as electromagnetic profiling, 

ground penetrating radar (GPR), geo-electrical tomography, seismic refraction, flux 

gate magnetometer, etc. 

The combined information from these sources can form a complete picture of the geological 

features of the landfill, the stability of the surrounding area, the proximity of ground water, and 

should determine the fractions of usable soil, recyclable material, combustible waste, and 

hazardous waste at the site. The characterisation of the landfill is also very important because it 

helps at predicting and preventing any potential pollution scenario, as it helps in giving the profiling 

of the landfill in order to understand better its consistency and the possibility of containing 

hazardous quantities of biogas within. 

Test sampling the contents of the landfill can also be carried out at this point. This can be done 

randomly or with a specific pattern, according to the landfill‘s individual character, using simple 

test pits or bucket auger wells (Suflita et al., 1992). The samples must be of a substantial quantity to 

be statistically representative and they must cover the range of the average age of the refuse. 

Then, a thorough physicochemical analysis of the samples is performed. First of all, the temperature 

of the samples must be measured in situ, immediately after they are excavated. The moisture 

content is also measured and the age and degradation degree of the waste is estimated. The 

screening of the waste follows, either with vibrating or with trommel screens and the waste fractions 

are separated according to their grain size. In many cases, the wastes are also hand-sorted to 

identify the ratios of the different waste streams (paper, plastic, metals, soil, etc.) Other types of 

analysis often used are grain size analysis of the fine fraction, measurement of volatile solids, 

chemical analysis, measuring carbon, nitrogen, hydrogen, sulphur and ash content, and 

determining the contamination of adhering particles (Hull et al., 2005). In some pilot tests, leachate 

samples are also taken and being analysed, mostly for heavy metals, as this can cause water 

pollution (Kurian et al., 2003). Also, the combustibility of the different waste fractions can be 
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assessed, so that the amount of recoverable energy can be evaluated. After the statistical analysis 

of the lab results, a secondary evaluation on the LFM project‘s potential outcome can be carried 

out. At that time, calculations about the possible revenues from the recovery of materials can be 

made and if it seems profitable, a small investment into processing equipment might be helpful. 

The next step of this process should be the evaluation of the economical aspect of the LFM project 

by estimating the potential costs and profits and conducting a Cost Benefit Analysis. This study will 

be the base for the development of a detailed business plan, which will make sure that the LFM 

project will be economically viable and will also benefit the natural and social environment so that 

the project planning may proceed. 

Some of the direct and indirect benefits and costs that may arise from LFM activities are the 

following (US EPA, 1997): 

 

Furthermore, a preliminary health and safety (H&S) plan must be set up before any actual work 

begins. This plan will identify where all potential dangers and problems that the project will pose for 

facility workers and residents of the local area, as well as develop the appropriate mitigation 

methods. Although the H&S program of each LFM project should be based on site-specific 

conditions and waste types, as well as project goals and objectives, a typical one might involve 

the following (US EPA, 1997): 

 Hazard communication (i.e., a "Right to Know" component) to inform personnel of potential 

risks. 

 Respiratory protection measures, including hazardous material identification and assessment; 

engineering controls; written standard operating procedures; training in equipment use, 

respirator selection, and fit testing; proper storage of materials; and periodic reevaluation of 

safeguards. 

 Confined workspace safety procedures, including air quality testing for explosive 

concentrations, oxygen deficiency, and hydrogen sulfide levels, before any worker enters a 

confined space (e.g., an excavation vault or a ditch deeper than 3 feet). 

 Dust and noise control. 

Benefits 

•Increased disposal capacity 

•Avoided or reduced costs of: Landfill 
closure, postclosure care and monitoring, 
purchase of additional capacity or 
sophisticated systems, liability for 
remediation of surrounding areas. 

•Revenues from:  recyclable and reusable 
materials (e.g., ferrous metals, aluminum, 
plastic, and glass), combustible waste sold 
as fuel, reclaimed soil used as cover, 
material, sold as construction fill or other 
uses. 

•Land value of sites reclaimed for other uses. 

Costs 

•Capital costs: Site preparation, 
rental/purchase of reclamation equipment 
and personnel safety equipment, 
construction/expansion of materials 
handling facilities, rental/purchase of 
hauling equipment. 

•Operational costs: Labor (e.g. equipment 
operation and materials handling), 
landfilling of residuals or noncombustible fly 
and bottom ash if waste material is sent off 
site for final disposal, administrative and 
regulatory compliance expenses (e.g. 
recordkeeping), worker training in safety 
procedures and hauling costs. 
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 Medical surveillance stipulations which are mandatory in certain circumstances and optional in 

others. 

 Safety training that includes accident prevention and response procedures regarding 

hazardous materials. 

 Recordkeeping. 

Also, special H&S equipment should be provided to the workers of the LFM. This should include 

standard equipment (e.g. hard hats, steel-toed shoes, safety glasses and/or face shields, 

protective gloves, and hearing protection), specialised (e.g. chemically protective overalls, 

respiratory protection, and self-contained breathing apparatus) and some monitoring equipment 

(e.g., a gas meter, a hydrogen sulphide chemical reagent diffusion tube indicator, and an oxygen 

analyzer). Finally, there always has to be a supervisor on site to monitor for dangerous situations or 

hazardous material surfacing. Using exclusion zones on the site is also another way to certify that 

the employees are wearing the proper gear, such as tuvec suits, that the clean up afterwards to 

prevent contamination spreading and that other people don‘t enter by accident (Nelson, 1994). 

Finally, all the data about relevant regional regulations and politics should be carefully studied 

(Van der Zee et al., 2004).Before undertaking a LFM project, national and local authorities should 

be consulted and all the relevant permits must be obtained. However, this might be proved 

difficult as very few countries specific LFM rules. In most cases, officials will review work plans on a 

case-by-case basis.  

After the planning period, the implementation of the actual large-scale LFM project can 

commence. The LFM works are advancing gradually, with only small parts of the landfill being 

mined at a time (e.g. one cell). The simplest way to perform a LFM project is excavating the 

material, separating and then processing it. A simple array of LFM technology is presented in the 

Fig.4.4.-2 below: 
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Figure 4.4.-2: A simple design of landfill mining; screened excavated waste and potential uses (Hogland, 2002) 

The excavating equipment mostly used are standard truck excavators that remove the contents of 

the landfill cell, such as Caterpillar or Komatsu and bucket loaders (front-end) which organise the 

waste into stockpiles, separating in the process bulky materials such as appliances (Nelson, 1994, US 

EPA, 1997).Every load of refuse is then transported to a vibrating screen, a finger screen or a 

trommel, where the fine fraction of soil is separated from the rest solid waste. The screen is chosen 

according to the after-use of the soil fraction, for instance landfill cover can have larger grain size 

than construction fill (US EPA, 1997). 

In particular, the trommel screen has been very popular among many LFM cases for the separation 

of the materials. It is a rotary revolving cylindrical screen, downwardly inclined with a screening 

surface of wire mesh or perforated plate. The tumbling action of the trommel efficiently separates 

attached materials and it can be used in conjunction with air or water streams, to maximise the 

separation. Two-stage trommels – with small and large apertures, have been used in waste 

processing to separate wastes into three size fractions: fines (usually <2,5cm), medium-sized 

(>2,5cm and <5cm) and oversize or coarse (> 5cm). 

Other machinery used include heavy duty conveyors, metal separators (magnetic or eddy-current) 

and de-stoning equipment (Nelson, 1994). An incinerator might also be a part of a large-scale LFM 

project to reclaim energy for the needs of the facility. Air-knife separators can also be used, to 

remove liquids, dirt and the «light» fraction from the material stream. Typically installed at a 

conveyor junction, the Air-knife consists of an input air volume channelled through an adjustable 

nozzle, working in conjunction with an extraction hood, all mounted inside a single enclosure. An 

example of the process, from the Collier County LFM project, is given in Fig. 4.4.-3: 
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Figure 4.4.-3: The LFM process, as it was done in Collier County, Florida, USA (source: Hitchens et al., 1993) 

Another example of the separation process is depicted in Fig.4.4.-4 below, showing the «dirty MRF» 

array, a materials recovery facility that process mixed waste: 

 

Figure 4.4.-4: A typical dirty materials recovery facility for mixed waste (Worrell and Vesilind, 2011) 
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As mentioned in the beginning, LFM is still developing, and new approaches and innovations are 

being published, as for example the case of the ‘Closing the Circle’ project (CtC) of the Remo 

landfill in Flanders, Belgium (Jones et al. 2012). This particular project is combining the concept of 

'Enhanced Landfill Mining' (ELFM) with GasplasmaTM technology. After excavating the wastes from 

the Remo landfill, the combustible RDF fraction is directed to a plasma plant where it is transformed 

into syn-gas, molten metals and a molten residue named Plasmarok™, which can be used as 

construction material. The Fig.4.4.–5 below is describing this processing detail. 

 

Figure 4.4.-5: Overview of the GasplasmaTM WtE/M process (Jones et al. 2012) 

During the LFM works, the different environmental factors have to be monitored and controlled to 

avoid pollution or any problems with the neighbouring properties. First of all, the air must be 

checked every so often and samples must be sent for analysis for volatile organic compounds and 

solid particles (Forster, 1994), which can be really damaging to public health. In addition, biogas 

emissions need constant attention because they can increase suddenly if an anaerobic part of the 

landfill becomes exposed, and they can cause fires. Odours must also be monitored and odour-

suppressants might be of use (Krogmann and Qu, 1997). In some cases, the works were 

discontinued during the summer months to prevent the creation of even stronger odours. Water 

pollution is another environmental concern in projects like these. Every precaution should be taken 

so that all the excess stormwater that infiltrates the excavated waste or the stripped cell is then 

collected and treated as leachate and never escapes into the aquifers. However, this particular 

aspect of LFM there seems to be a gap in the literatures, as in many cases it seemed that constant 

monitoring was not used, as most of the projects were small-scale and confined into the larger limits 

of the landfill and thus no additional measures to the ones already on-site were implemented. In 

general, this aspect of LFM needs to be investigated even more to provide some specific guidelines 

for environmental monitoring, which could be incorporated into some regulations or legislations 

about LFM. 
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CHAPTER 6. OPEN ISSUES OF LANDFILL MINING 

6.1. Materials & hazards 

The determination of the contents of a landfill is an important step of the preparation for every LFM 

project, as these estimations are used to develop a thorough business plan and the methodology 

for the excavation and processing of the waste. As mentioned previously in chapter 5.4, a 

characterisation study of the chosen site is the necessary starting point of LFM. A combination of 

desktop study, geophysical non-intrusive exploration methods and borehole data can be 

employed to get the best results and discover the contents of the specific part of the landfill that is 

going to be mined. 

The contents of MSW landfills have been examined in many LFM projects in the literature. A great 

fraction of the materials could be recycled at some cases, with a profitable outcome, but only if 

there were no hazardous waste present and the soil contamination of the materials was small. The 

most commonly used method of waste to material recovery is the following: the excavated wastes 

are screened and the fine fraction, which is mostly soil, is removed. Then the coarser fractions are 

hand sorted and separated into different material streams. Table 5.2-1 is presenting the comparison 

between the different compositions of the coarse fractions from some of the LFM projects that 

have already been discussed: 

Table 5.2.-1: Mean composition of coarse fraction of wastes, comparison of LM projects (% by weight) 

Materials 

Collier 

County, 

FL, US 

Edinburg, 

NY, US 

Burlington 

NJ, US 

Måsalycke, 

Sweden 

Filborna, 

Sweden 

Perungudi, 

India 

Remo, 

Flanders, 

Belgium 

Typical 

composition 

of 

excavated 

waste (60 

LFM projects) 

Paper % 12 16 13 29 14 NA 8 4.6 

Plastic % 18 15 14 7 19 11 17 5.3 

Glass % 5 7 1 1 1 0.8 NA 1.1 

Metals % 11 13 10 5 8 0.2 3 2.0 (1.7% fer, 

0.1% al, 0.1% 

non-fer) 

Textiles % 4 - 9 1 5 2.3 7 1.6 

Wood % 23 4 19 19 14 11.6 7 3.6 

Garden % 6 0 5 6 1 NA NA NA 

Soil % 14 18 20 17 19 40.1 44 54.8 

Others % 7 27 9 15 19 34 10 27.1 

Sources: Krogma

nn and 

Qu, 

1997 

Krogman

n and 

Qu, 1998 

Hull et al., 

2005 

Hogland, 

2002 

Hogland 

et al., 

1995 

RenoSam, 

2009 

Quaghebeur 

et al, 2010 

W.J. Van 

Vossen and 

O.J. Prent, 

2011 

The most abundant material inside every landfill is soil. The fines fraction, which is separated by 

screening from the coarser waste fraction, is made from dirt, previous soil cover, decomposed 

organic waste, stones and fragmented paper, plastic and glass. It is usually screened to have grain 

size less than 2.5 cm, but due to the moisture of the landfill, it also adheres to larger wastes, making 

the recovery of materials more difficult because of the necessity of cleaning. In many studies, it has 

been shown that age and degree of degradation of the waste is the most important factor that 

controls the amount of soil that exists in a landfill, meaning that the older the refuse, the more soil 

(fine fraction) there is (Zhao et al., 2007). 
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After the soil, the biggest fractions of materials to be found are plastics and paper, both of which 

can be used as fuel for EfW facilities. Wood is also abundant and at some cases metals exist also in 

large quantities, making their recovery valuable. Glass, textiles and garden waste are usually the 

smallest fractions. Other materials that might be met in a landfill include: organics, construction and 

demolition waste, stones, leather and inert materials. 

Unfortunately, there are many older landfills were MSW waste has been landfilled along with 

demolition, industrial or even sanitary waste. This should be identified at an early stage of a LFM 

project as it might pose some serious hazards later on, due to contaminants or bulky waste present 

in the landfill. Some of the most common hazards that a LFM project deals with were covered in the 

2008 «Dumpsite Rehabilitation Manual» by Kurian et al.: 

Table 5.2-2: Hazards which may be encountered during excavation of dumpsites (Kurian et al 2008) 

Origin of Hazard Type of Hazard Example 

Presence of 

Contamination 

Toxicological Installation of hazardous substances, e.g. asbestos fibre, 

metal oxides, hydrogen sulphide, carbon dioxide, volatile 

hydrocarbons etc. Ingestion of contaminated food 

Inhalation of contaminant combustion products through 

smoking  

Direct contact with toxic, carcinogenic (e.g. PAHs, benzene) 

or corrosive (e.g. chlorates, acids and alkalis substances 

Asphyxiation In oxygen-depleted atmospheres 

Explosion/combustion Organic vapours, elemental white phosphorous, 

subterranean fires 

Pond Ground 

conditions 

Physical Collapse of sides of excavation at depth, in unconsolidated 

ground or due to poor drainage Unexpected mineshafts or 

underground workings, wind due to underground 

combustion Insecure footing of personnel e.g. due to slippery 

soils or soft ground. 

Use of heavy 

equipment and 

plant 

Physical Overlapping: collision; cuts, grazes or more serious injuries 

 

In particular, hazardous waste might be discovered during the excavation of the landfill, posing 

health and environmental risks such as ground contamination. These materials should be specially 

handled, according to each country‘s regulations (US EPA, 1997). Hazardous wastes are very 

diverse materials and could cause serious damage if left untreated. As part of the necessary safety 

precautions, during LFM activities, a supervisor must be monitoring the excavated refuse that is 

been fed to the screens, so that bulky and hazardous items are removed and directed to special 

treating or disposing sites (Nelson, 1994). This process can be costly, but protects from future liability 

and even higher remediation expenses. 
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According to Ricardo-AEA, 2013, managing hazardous waste may include: 

 Development of human health and environmental risk assessments. 

 Development of management plans and planning for the unknown 

 Safety training of staff. 

 Provision of personal protective equipment (PPE) for the staff. 

 Determination of set-aside areas and appropriate containers for storage of waste. 

 Barriers for dust and windblown material, such as water mists/sprays, screens and netting. 

 Re-interment of certain materials such as asbestos to a dedicated area on the landfill 

Finally, the potential of an encounter with hazardous wastes in the landfill should be explored in 

planning for the undertaking of a LFM operation, during the research stage. In some cases, the 

presence, nature and extent of hazardous waste could even prevent a LFM project from being 

realized, as the risk and costs can be prohibitive. Also, if not anticipated hazardous waste is 

unveiled, or is found to be in larger quantities than was estimated, substantial down-time could 

arise, which can result into a close of the operation. 

Other hazardous situations that can arise in a landfill include: 

1. Releases of landfill gases and odours: 

Methane and other gases, generated by decomposing wastes, can cause explosions, fires, 

odours and risk to human health. Hydrogen sulphide gas, a highly flammable and odorous 

gas, can be fatal when inhaled at sufficient concentrations. 

2. Releases of liquids and leachate: 

The leachate production from the waste can be a threat of contamination to the ground 

and groundwater if the landfill is not lined. 

3. Subsidence or collapse.  

The excavation works of a LFM project can cause movements in the adjacent cells, which 

can sink or collapse, releasing contaminants and harming the structures and the workers. 

Thus, the nature of the waste (e.g. compaction, voids, variability, stability, moisture levels 

etc.) must be known beforehand, to ensure that the right method of the excavation is 

followed (Ricardo-AEA, 2013). 
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6.2. Production chain 

A production chain is the process which transforms the raw materials – in LFM the excavated 

materials – into products. Alongside the business plan of a LFM project, its production chain must 

also be planned before full-scale operation, to ensure that the outputs of the LFM unit will be 

marketable and could potentially generate revenue. 

In the literature, soil has been the most recyclable resource. In many LFM projects conducted in 

operational landfills, the fines fraction has successfully been reused on-site as daily landfill cover. 

Recovered soil has also been used as construction fill (Frey Farm landfill, Lancaster, Pennsylvania, 

source: US EPA, 1997) and as compost or soil amendment (Tel-Aviv landfill, Israel, source: Savage et 

al., 1993). What is more, with the removal of the fines fraction, which can reach up to more than 

50% of the total weight of the waste, a great amount of space is becoming available, even if no 

other materials are removed, which can be vital for operational landfills. The soil is separated from 

the excavated material by screening, and most of the times no more processing is used.  

Space and in particular land is the second most tangible asset that LFM can produce. In many 

cases, this even was the main reason for conducting the LFM. The gained space is then used to 

expand the lifetime of the landfill and to delay its closure or to reclaim the land and avoid the costs 

of the monitoring period, which can extend up to 30 years (US EPA, 1997). What is more, sometimes 

the land can be reused, as happened at the Arnhem and Born landfills in the Netherland, where 

the sites were reclaimed for the development of industrial areas (Van der Zee et al., 2004).  

Energy is also recoverable from excavated waste. In many cases, the coarser fraction is further 

separated and the combustibles, which are mainly plastics and paper. These can be directed to 

an EfW incinerator where they can be used to generate electricity. In fact, this was the main 

objective in the case of the Frey Farm landfill LFM project in Lancaster, Pennsylvania, US (US EPA, 

1997). This idea is also widely popular in Japan, were energy from waste facilities have been an 

important part of the solid waste management system, due to the lack of land-filling space 

(Yokoyama et al., 2006). On the contrary, the combustibles fraction might not be a marketable 

product in regions or countries where EfW facilities do not exist. Also, further processing or cleaning 

of these materials to achieve a recyclable fraction might be not worth the cost (Ricardo-AEA, 

2013). 

Metal scrap can also be easily recovered and recycled from the waste fractions. After the waste 

has been screened, the medium and coarser fraction is directed through a magnetic separator 

which will successfully remove the ferrous metal. Furthermore, aluminium and other non-ferrous 

metals can also be partially recovered by using an eddy current separator.  

There will always be a market demand for all kinds of metals and recycling them can bring 

revenue. What is more, most of the time, there is no need for these scrap to be cleaned or treated 

if they are not polluted by hazardous waste (US EPA, 1997). Many LFM projects have recovered 

scrap metals with success, using the aforementioned method (Krogmann and Qu, 1997) or by 

collecting the mixed metal slag which is a residue after the incineration of the excavated wastes 

(Yokoyama et al., 2006). 



 

ACTION A1 

LANDFILL MINING TECHNIQUES - POTENTIAL IN GREECE & EU 

 

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy   63 

In the past two decades, due to the bloom of the computer industry, the landfills have been 

flooding with electronic wastes. These are materials that should never end up in a landfill because 

they contain heavy metals and can cause pollution. What is more, electronics must be recycled 

because a lot of the materials that they contain belong to the so-called invaluable and depleting 

metals, thus, recovering them could generate a small profit. LFM could help unearth these precious 

materials whilst making a good profit as it is said that one ton of computers may hold the same 

amount of gold as 17 tons of mined gold ore (Bleiwas and Kelly, 2001). 

Other recyclable materials such as plastics, glass, paper and textiles are also a main part of the 

composition of the landfill contents. However, their recyclability depends on the degree of their 

contamination from soil and other fine fragments that adhere on the surfaces. Due to the fact that 

their market value is somewhat little, it may not be profitable to invest in cleaning them, but there 

have been cases in the literature where they generated some small revenue (Krogmann and Qu, 

1997). What is more, these materials are combustible and could be used as fuel in a waste to 

energy facility, or they could be processed and sold as RDF fuel, as long as the limits of heavy 

metals and ash content are not exceeded. 

Other recoverable resources are wood, which can be used as biomass to generate electricity 

(Savage et al., 1993) and garden and food waste that have partially decomposed can be sent to 

a compost facility or to an anaerobic digestion reactor, to produce combustible biogas. Bulky 

wastes such as tyres, electrical appliances, construction waste, etc, might also be sold, if there is a 

market for it at the specific time and place (Krogmann and Qu, 1997). 

Finally, in the future landfills could also be regarded as carbon and nutrients banks; the amount of 

combustible materials as well as organic waste that is buried could be reused. In many studies in 

the literature, the excavated waste has enough nutrients to be used in agriculture. For example, 

aged refuse from the Shanghai landfill in China has 2.3-5.5mg/g of total nitrogen, 2.13-7.43mg/g 

phosphorus, 23.07-38.75mg/g potassium and high quantities of organic matter (6.32-11.57%, source: 

Lou et al., 2009). The high glass and heavy metal content has prevented this use until now, because 

of the costs of treatment. However, recent studies argue that using smaller sieves (6.3mm) ensures 

the removal of other particles, recovering just the soil, which might be within the heavy metal limits 

for many applications (Prabpai et al., 2007). If some investments are made, LFM could produce 

processed compost, treated for contaminants, or provide necessary nutrients for the fertiliser 

industry, assisting in this way in mitigating the predicted future needs of phosphorus. 

Apart from the aforementioned production chain, which follows the more common LFM 

procedures (excavation, screening, cleaning, recycling), there is some room for innovation in the 

sector. For example, in the case of Remo LFM project, the excavated wastes are separated and 

processed in order to produce RDF material which is then fed into a GasplasmaTM process to 

produce synthetic gas (syngas), which can be sold or used for electricity production (end product). 

Also, this facility will produce a vitrified slag called Plasmarok, containing all the remaining solids of 

the process. This material has high degree of flexibility and can be used in the building industry in 

the form of glass-ceramic monoliths for use as building materials or glass-ceramic aggregates for 

use in high strength concrete (Jones et al., 2012). 
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6.3. Financial issues 

In some cases in the literature, economics are likely to serve as the principal incentive for a LFM 

project. For example, the LFM application in Lancaster, Pennsylvania, US, generated an overall 

profit of about $33,000 per week (Forster, 1994). In most cases though, LFM generates small or non-

existent instant profit, discouraging investors. Thus, to appreciate the total financial value of this 

activity, a comprehensive and complete business plan should be elaborated before the beginning 

of a full-scale LFM project, which shall include calculations of both direct and indirect costs and 

benefits from the beginning until the end of the life of the project. 

 In the «Feasibility and Viability of Landfill Mining and Reclamation in Scotland» (2013), Ricardo-AEA 

notes that there are numerous and complex economic factors associated with LFM as while some 

costs may be straightforward to estimate, other costs are more difficult to quantify and it seems 

that the safest option of calculating the financial prospects of an LFM venture is on a site-by-site 

basis, as there are many differences in parameters such as waste quantity and type, energy 

content, investment costs, operation costs, and revenues. For this reason, the generic Cost Benefit 

Analysis (CBA) models developed were unsuccessful, but they can provide useful guidance for a 

site specific assessment. 

There are many potential Costs when considering a LFM project. According to the US EPA (1997), 

these could be divided into Capital and Operational costs. In particular, Capital costs include all 

site-related expenses such as the purchase/rental of the landfill site and its preparation for the 

process, and the expenses regarding the needed equipment: rental or purchase of reclamation 

equipment, personnel safety equipment and hauling equipment. Other capital costs include the 

construction or expansion of the facilities for materials handling. The Operational costs of LFM 

include labour (equipment operation, materials handling, etc.) and administrative and regulatory 

compliance expenses (e.g. recordkeeping), land filling of residuals, hauling costs and worker 

training in safety procedures. 

Other Costs which arise during a LFM project include conditioning, odour-stabilisation costs, the 

costs of scientific surveying and testing, as well as the costs of incineration, in case there is an 

energy production unit within the facility. Other expenses have to do with construction survey, 

planning and approvals. Fluctuating costs have to do with replacing damaged parts of the liner, 

treating hazardous waste, etc (Rettenberger, 1995). 

There are many different Benefits in LFM projects. Financially-wise, some LFM projects have 

generated profits from the recycling of daily soil cover, which can be pricy at cases, the recovery 

of landfill space which expands the lifetime of an operational landfill and is saving tipping fees, the 

reselling of the separated ferrous metals and the generation of electricity. More long-term profits 

include avoiding the capping expenses, as well as the long term monitoring fees. In addition, the 

reuse of the space might be possible, which generates great profits especially for sites nearby cities 

(Nelson, 1994). 

What is more, if one is considering the total economical value of this activity, more indirect benefits 

should be included in the calculations, even though these can be hard to measure in definite 

financial terms. These include the economical value of the minimisation of liability and the saved 
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costs from a potential remediation treatment of the site from hazardous waste. Other advantages 

have to do with environmental benefits such as the recycling of useful resources (and the 

minimisation of the need for more “new” ones) and the elimination of potential pollution sources.  

A summary of the most important costs and benefits of a LFM project are presented in Fig.5.4-1 

below (Ricardo-AEA, 2013): 

 

Figure 5.4-1: Most important Costs and Benefits of a LFM project 

To effectively weigh the Costs and the Benefits, decision – making tools such as Cost Benefit 

analysis (CBA) and Multi Criteria Analysis (MCA) are used frequently to compare alternatives and 

evaluate different solutions of a problem. They provide a guiding pattern so that a decision can be 

reached through logical and analytical thinking, incorporating all the possible influencing aspects 

of the main issue. CBA in particular is mainly used to make comparison between alternative 

solutions, by converting all the advantages and disadvantages into the same, usually monetary 

unit. On the other hand, MCA firstly recognises all the important factors (criteria) of the problem, 

weighs them to create a hierarchy and then rates the proposed solutions to choose the most 

appropriate one (Van der Zee et al., 2004). 

Costs 

Project Planning 

•Investigative studies 

•Permits and Planning consent 

•Consulting and design 

Capital Costs 

•Site preparation 

•Equipment and plant 

Operational costs 

•Labour and Staff training 

•Fuel/energy 

•Rental and maintenance of 
equipment 

•Transport and haulage costs 

•Landfillig of residual materials 

•Administration and regulatory 
compliance 

•Staff training 

•Fees for combustibles at EfW 
facilities 

Benefits 

Revenues 

•Sale of recyclables 

•Reclaimed soils (on-site or 
sold) 

• Energy recovery and 
incentives 

Avoided Costs 

•Post closure care and 
monitoring 

•Purchase or development of 
new landfill 

•Liability for future remediation 

Other Benefits 

•Potential value of reclaimed 
land 

•Potential value of recovered 
void space 
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A first example of this methodology for the valorization of the costs and benefits of a LFM project is 

presented for the rehabilitation of the Chennai landfill in India (Kurian et al., 2008). In an area of 

100ha, and 5m depth, the total volume to be excavated was estimated to be 5 million m3 (weight: 

3,5 million tn and density: 700 kg/m3). The estimated percentage of the soil materials were 50%, 

whereas the recyclables were 10% and the remaining 40% would be land filled again. The disposal 

of the residuals will be at a height of 15m (taking up 17.3 ha of space), leaving the remaining 

82.7ha to be reclaimed (at least at a 90%) as a new landfill. The costs of the project, which among 

others included specialist engineering services, planning and permitting charges, site preparation, 

rental/purchase of equipment, excavation and processing, disposal of residuals, management and 

contingency planning, were calculated at 147 million Rs. The direct benefits (revenue) included the 

sale of reclaimed soil and recyclables (combustibles) and the reclaiming of the land and it was 

estimated at 162 million Rs., giving a positive balance. The study also adds that the project has 

global environmental benefits by controlling the methane emissions that contribute to global 

warming and the CDM revenues for a typical landfill cover about 40% of the cost of the closure. 

Still, the analysis concludes that the main challenge is to estimate the environmental costs and 

benefits properly, which are less tangible than the financial ones. 

Another example of this method was applied to strengthen the case of the Enhanced Landfill 

Mining (ELFM) projects in the Flanders region of the Netherlands (Van Passel et al, 2010). The CBA 

came to the conclusion that recovering energy from waste (9,937,782,556 EUR in total) was the 

biggest benefit, comparing to the waste to materials recovery (1,534,382,080 EUR), to landfill 

reclamation (1,368,000,000 EUR) and to the reduced carbon footprint value (256,650,240 EUR, 

based on the EU Emission Trading Scheme for greenhouse gas savings). The analysis included the 

calculation of costs (12,779,680,000 EUR) and it concluded that the balance was positive with 

317,134,876 EUR profits for the Flanders region, including that there exist complex trade-off issues 

between economic, social and environmental issues, raising the need for even more detailed 

information about each particular landfill site. 

 

6.4. Social issues 

The social reaction to complex and innovative technological projects can vary greatly. If general 

acceptance prevails, this factor can help a project succeed; otherwise it may lead to serious 

problems, delays or even bring all activities to a halt. It is true that with all solid waste management 

methods, social issues and NIMBY phenomena can arise. As far as Landfill Mining (LFM) is 

concerned, the notion of unearthing things that were meant to be discarded has always been 

treated with scepticism, from both the locals and the scientific community. 

As it is understood from the aforementioned description of the process, LFM is a large-scale intrusive 

operation, which could potentially cause many problems at a local level, if the appropriate 

measures are not being taken. These might include: environmental issues, health risks, optical and 

acoustic nuisance, as well as the unearthing of materials that might be hazardous, like asbestos 

(Warren & Read, 2014). Furthermore, LFM is connected to the notion of «scavenging for waste», 

which often creates negative feelings or even disgust, as it is connected with marginal images of 

ragmen and dumpsite scavengers. 
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However this is not true. LFM projects are following organised planning and project management, 

having foreseen and provided for most of the upcoming problems. Many issues can be mitigated 

or avoided using the appropriate equipment and safety measures. In fact, there might be many 

people supporting such initiatives. In cases where the landfill itself has become problematic and it is 

posing a threat to the environment and the health of the nearby residents, LFM can alleviate these 

issues almost completely by removing the sources of the risks. What is more, local economy could 

be strengthened by the new arising job opportunities related to the sector, as well as the re-

development of the land (Krook et al, 2013).  

According to Ricardo-AEA (2013), there are many stakeholders are likely to have an opinion on a 

LFM project. Apart from the neighboring residents, local interested parties might also include 

nearby schools, businesses, hospitals, farmers and any other associations. Their immediate vicinity to 

the works and the changes of their use of the environment makes them very sensitive to large-scale 

operations, especially if the landfill has been closed for some time and subsequently been 

forgotten. Alongside them, there are many other organizations at local and national levels which 

might oppose to a LFM operation such as environmental groups, water authorities, etc. 

In the chart below, there is the summary of the findings of the Ricardo-AEA (2013) study, 

concerning the predicted reactions to a LFM project: 

Table 5.4-1: Stakeholder groups and their potential opinion about LFM (source: Ricardo-AEA, 2013) 

Stakeholder Group Positive Negative WHY? 

Residents, local businesses, 

places of work, schools and 

hospitals 

 X 

Health concerns, amenity and nuisance impact, 

property value, road congestion 

WORSE: if it remains operating landfill 

Residents, local businesses, 

places of work, schools and 

hospitals 

X  

If all landfilled waste is removed, reducing health 

and environmental risks, as well as increasing 

property value.  

Local and national interest 

groups (nature and wildlife) 
 X 

Disruption to landscape and natural habitat, 

depending on the subsequent development 

Sewerage Company X  Reduced leachate into the sewers 

Environmental pressure 

groups 
X X 

COULD BE BOTH: Resource recovery is seen 

positively, but energy recovery from EfW plants 

might be considered to be negative 

Local authorities X  
Welcome LFM if there is ground and groundwater 

contamination. 

Finally, Van Passel et al. (2011) describe a method that attempts to analyse and potentially 

quantify the social costs and benefits of an Enhanced Landfill Mining project (ELFM). Understanding 

the complexity of processing the positive and negative social impacts because personal influences 

would alter the outcome, he combined the science of Environmental Economics and Cost Benefit 

Analysis (CBA) to get an objective result on values such as the, impact on greenhouse gas 

emissions , monetised by the empirical data found in the literature such as land restoration 

(housing, rental, other. economic activities, recreation,  nature reserves/elimination of groundwater 

pollution/resources 
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6.5. Environmental issues 

Every human activity can affect the environment, especially if it involves landscaping, machinery 

and the possibility of disturbing hazardous waste. In general, LFM may reduce the environmental 

impact that a landfill is causing to the environment, which is certainly beneficial in the long run. 

Certain short-term impacts however should be taken into consideration and mitigation measures 

need to be taken (Fisher, 2013). 

In particular, the positive Impacts of LFM on the environment could include the following (Ricardo-

AEA, 2013): 

1. DECONTAMINATION: A landfill is a potential source of pollution to the environment due 

to leachate or gas leaks, needing constant monitoring even for many years after 

closing. LFM alleviates these issues once and for all with the removal of waste.  

2. LANDFILL REHABILITATION: LFM can be used to refurbish an operating landfill with liners, 

biogas and leachate harvesting systems, and bring an old site up to date with the 

current legal requirements, as well as removing hazardous materials. 

3. LANDFILL LIFETIME EXPANSION: Through LFM, void space is recovered within the landfill as 

well as more is created with the removal of the recyclable materials. Creating more 

capacity for new waste mitigates the need to build new landfill sites. 

4. RECYCLING OF MATERIALS: Soil and other materials such as metals can be recycled 

successfully during an LFM activity. 

5. ENERGY: Waste is an alternative energy source to harmful fossil fuels 

6. LAND RECLAMATON: After LFM, the cleared land could possibly be reclaimed for other 

uses, removing the impact of the development from a natural area.  

However, there are also some environmental issues that could be caused by LFM. Some of them 

are examined in the sections below: 

 

AIR 

Air pollution is one of the many issues that every LFM project must monitor and control. The 

excavation of landfills, due to the aeration of less decomposed refuse, can release methane, 

hydrogen sulphide and other gasses that are flammable, explosive, odorous and dangerous for the 

public health (US EPA, 1997). The presence, composition and quantity of gas is linked to the level of 

degradation of the waste and consequently to its age. To avoid these effects, many LFM projects 

opt for landfills of over 25 years old, so that the waste is relatively inert. Also, monitoring for gas is 

essential, particularly for buildings and confined spaces nearby the works, as the explosive limits of 

methane are very low (Ricardo-AEA, 2013).  
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Furthermore, volatile solid particles (dust) can be released in the air and may cause asthma, lung 

infections or even cancer if inhaled. For example, during the LFM sampling at the Filborna landfill in 

Sweden, gas, water and soil particles were ejected when they reached at 8m depth (Hogland et 

al., 1995). Thus, monitoring devices for explosive, flammable and hazardous gases must be used at 

all times. What is more, LFM contributes to greenhouse gas emissions, and consequently to climate 

change, by releasing methane during the excavation and carbon dioxide for the excavating 

machines, the processing of the waste, the transportation of materials, etc. 

Also, odour control is essential for every landfill reclamation project. Most landfill sites were created 

many years ago, without following specific requirements to protect the environment and their 

contents are generally heterogeneous. The degree of disintegration also varies, and the 

penetration of oxygen in anaerobic areas of the site emits biogas and odours which can be really 

strong, creating a hostile working environment and potential problems with the neighbouring 

properties and the residents of the general area. If odour emissions are uncontrolled, the 

complaints could condemn the LFM activity and the site to permanent closure. The use of odour 

suppressants during the summer months is generally advised (Forster, 1994). In addition, during the 

demonstration LFM project at Burghof, Germany, an interesting method of landfill aeration using 

biofilters was implemented prior to mining, which managed to decrease significantly the odour 

levels (Rettenberger, 1995). Another source of nuisance for the region is noise. Reclamation projects 

can cause high levels of noise from excavation, screening and transportation of the waste, but it 

has to be kept under control because it can be the reason of a lawsuit, a fine or even permanent 

closure. 

 

LEACHATE 

Ground and water pollution might also be caused by LFM. Escaping leachate from unlined landfills 

might penetrate the nearby aquifers and in LFM projects, the potential stormwater runoff over the 

uncovered waste can produce more contaminating leachate that could leak even from lined sites 

if the necessary precautions are not taken. The heavy metals and high BOD that leachate usually 

contains can easily enter crop fields or the drinking water distribution network of the area, which 

poses risks to people‘s health. Some leachate compositions are compared in Table 4-2. 

Measures that can be taken to control stormwater include keeping the excavating activities below 

the existing cut, placing temporary shoulder structures around the edge of the stripped areas 

(Forster, 1994). The leachate collected should always be treated before it is disposed to the 

environment. A sustainable idea towards that direction which can be combined with LFM was 

presented in studies at the Shanghai landfill, China (Zhao et al., 2007), where the recovered 8-year-

old fines fraction (<15mm) of waste was used successfully as biofiltration media to treat the 

leachate. 

Table 5.5.-2: Comparison between the heavy metal content of leachate from different LFM studies 

Heavy 

Metals 
Måsalycke, Sweden Nonthaburi, Thailand Perungudi, India Filborna, Sweden 
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Cd (mg/L) 0.029 <0.002 0.016 0.002 

Co (mg/L) 0.098 - - 0.02 

Cr (mg/L) 0.26 0.006 0.076 0.08 

Cu (mg/L) 0.43 0.055 0.070 0.033 

Fe (mg/L) 350 - - 28 

Mn (mg/L) 9.9 0.514 - 1.1 

Ni (mg/L) 0.14 0.043 0.407 0.051 

Pb (mg/L) 1.4 0.011 0.320 <0.02 

Zn (mg/L) 10 0.283 0.102 0.25 

As (μg/L) <0.2 - 2.5 2 

Hg (μg/L) 10 - 5.2 0.9 

Sources: Hogland, 2002 Prechthaietal., 2008 Kurian et al., 2003 Hogland et al., 1995 

 

HAZARDOUS WASTE 

It is possible that a landfill site might contain material that is hazardous to the environment and to 

the public health. This is more frequent in older sites due to less strict regulations. The unearthing of 

hazardous materials is very unpredictable, but it is important that safety measures are taken to 

mitigate these events. As Ricardo-AEA (2013) suggests, the special management that is required for 

the safe handling of this kind of waste are the following: 

 Assessment of the human health and environmental risk beforehand, by examining the 

characteristics of the landfill 

 Planning for the exposure to unexpected hazardous material 

 Training of the employees to recognise risks quickly 

 Safety personal protective equipment (PPE) for the staff 

 Planning for containers and areas to set aside these materials 

 Use of measures such as water spraying and screens to avoid volatile hazardous 

material 

 In case of immediate risk materials (e.g. asbestos) provision for quick burying to an 

appointed area in the landfill. 

 

OTHER  

There are also a number of other issues that might occur during the LFM works, which are equally 

shared with landfilling works. These could possibly be: 

 Collapsing of the landfill cell, due to voids or instability issues. 
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 Excess noise from the engineering works 

 Attraction of vermin and other pests 

 Additional traffic to and from the site 

 Mud onto the roads, spread by the vehicles leaving the site, if they are not washed. 

In conclusion, most of the potential problems that might arise during LFM works have already been 

identified, and they should be taken into account during the planning of the project. In this way, 

constant monitoring and the appropriate measures will be in place to mitigate any issue which 

might occur. 
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CHAPTER 7. POTENTIAL OF LFM IN THE EU 

7.1. General introduction 

The need for consolidation of the LFM experience in the EU, calls for active inquiry alongside key-

actors of LFM and countries with LFM potential. To this effect, and after an extensive review of the 

literature, which has been rapidly accumulating during the past 5 years, four European countries 

have been selected for this inquiry, i.e. Belgium, the UK, the Netherlands and Spain. Spain was 

chosen because it is a country of the European south (as Greece is), but more advanced in terms 

of practical application of the EU WFD. Belgium is a country similar in size with Greece, densely 

populated and situated in the centre of Europe. The other two countries (the UK and the 

Netherlands) are situated in northern Europe and all of them seem to be deeply involved into 

applying the WFD and at the same time to find alternative solutions related to waste management. 

In fact both the latter countries are also related to the most recent publications on LFM. In parallel, 

all selected countries have previous experience with waste management, and faced similar 

problems with uncontrolled waste disposal and pressing space and land use problems related to 

municipal waste. 

 

7.2. Belgium 

7.2.1. Introduction 

Nowadays, Belgium is probably one of the countries of Europe most involved in Landfill Mining 

(LFM). Both private initiatives as well as interest from the public sector have helped with its 

development in the country.  Especially in Flanders, waste and closed landfills generally appear as 

an opportunity, a means of securing land, a valuable commodity in Belgium and a way of 

acquiring energy and resources. This generalized interest has led to an extensive literature on the 

subject as well as the formation of relevant consortiums, with members from both the business 

sector and public institutions, which promote LFM and are working together to help with its modern 

evolution and its transition to the 21st century. 

 

7.2.2. Results from site visits 

Our team was invited to the headquarters of the Flemish Public Waste Agency (OVAM) in 

Mechelen, Flanders (November 2013) to participate in a series of presentations, talks and site visits, 

over the course of two days. OVAM is a public institution, working under the Flemish Ministry of 

Environment. It is not a contractor; its main role is to influence change and help in the creation of 

proposals, the preparation of new legislation and the communication with private sector and the 

citizens. The two main sectors of OVAM are Waste Management and Soil Management and 

remediation. 

The history of LFM applications in Flanders is strongly connected to the Flemish legislation: The Waste 

management Act (1981), the Soil remediation Act (1996) and finally the Material management Act 
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(2011). LFM has been concerning OVAM for more than ten years now, as its first mined landfill was 

in 1998. Since 2008 though, they have been forming a complete strategy to cover all aspects of 

LFM, in an attempt to approach the LFM method as a wholesome program that could integrate all 

the landfills in Flanders, as a means of addressing the total of the closed landfills and an alternative 

to their capping and after-life monitoring. This is when the concept of Enhanced Landfill Mining 

(ELFM) was firstly introduced, defined as "the safe conditioning, excavation and integrated 

valorisation of (historic and/or future) landfilled waste streams as both materials and energy, using 

innovative transformation technologies and respecting the most stringent social and ecological 

criteria" (ELFM website). This concept has been under development since 2008 by the Flemish ELFM 

Consortium, consisting of academic experts, the company Group Machiels, OVAM, and 

representatives of the local communities.  

For OVAM, the main objectives of ELFM are the following: 

 

In this way, OVAM and the Government of Flanders are setting to achieve the goal of their “2020 

Pact”: to reach a satisfying level of a 'circular economy', using the lowest possible raw materials, 

energy, water and space, thus having the smallest possible impact on the environment and nature. 

Therefore, the historic landfills of Flanders are seen as an opportunity. The main strategy that has 

been formed at OVAM to organize the LFM actions at a national level is following the steps 

Mapping – Surveying – Mining, as explained thoroughly in the Methods section (chapter 7.1.3) 

OVAM and the ELFM consortium are also actively concerned about the relevant EU and national 

policies. Actually the EU policy of waste management prioritisation is promoting incineration of 

materials and landfilling of the remnants. However, the ELFM concept of “Closing the Circle” has 

the recovery of resources as a bigger priority, which many times are consumed if they end up in an 

EfW facility. ELFM introduces the idea of “temporary storage” for the materials that cannot yet be 

recovered, meaning their disposal in a designated landfill site, until the technology that can 

recover them is ready. Then they are resurfaced and they are treated accordingly. This concept is 

still being discussed as controversial in many environmental circles. 

 

•Estimation of remediation needs based on specific criteria (source and receptors)  REMEDIATION 

•Recyclables such as metals, soil cover, etc. MATERIALS RECOVERY 

•At densely populated Flanders, land reclamation after the complete closing of a 
small landfill is a source of revenue.  

LAND RECLAMATION 

•Landfill tax, costs for monitoring and any future needs for remediation are avoided. 
MONITORING COSTS 

AVOIDANCE 

•Flanders' WtE plants accept LFM waste as fuel, especially due to the lack of fresh 
refuse for incineration, due to recycling.  ENERGY FROM WASTE 
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Site Visits 

The site visits took place in Antwerp and Ghent. No actual LFM was taking place according to its 

strict sense, but there was soil remediation works and other forms of Waste to Resources recovery. 

In particular, the site visit in Antwerp took place in the big city landfill, which is in operation since 

1967. Currently the operator of this site is Hooghe Maey. The remediation on this site started in 1996. 

Until then, it was used as an open dumpsite for every type of waste: Municipal solid waste mixed 

with hazardous waste, industrial waste, etc. The remediation works have finished. The landscape of 

the site was re-shaped and the waste was isolated with liners. Also, a complete biogas collection 

system was installed, which leads the gas into a gas incinerator unit, covering the energy need of 

the site.  

As the landfill site is very extensive and a lot of surface is left vacant, Antwerp landfill also explores 

the idea of combining land uses on site with other activities. Solar energy production is one of 

them, still on a small scale basis though, from an array of panels situated on one of the site’s slopes. 

Another idea that is being practiced is the combination of cultivations and landfills. Currently, there 

is seaweed cultivation being performed, for fish food, but this could be extended to even regular 

greenhouses, which would also be powered by the biogas incinerator. 

The operators of the Antwerp landfill believe that the theoretical concept of LFM is being applied in 

this case. First of all the biogas collection and energy production is the long-term analogy to the 

composting and incineration methods of the classical LFM approach. Also, the re-shaping of the 

land that has been conducted is part of the LFM routine anyway. Last but not least, they are of the 

opinion that landfills should be considered as active carbon sinks when examining the carbon 

cycle, and should be left untouched until we need this carbon to go into the cycle. This is 

particularly important nowadays, when greenhouse emissions have to be carefully monitored and 

be under control. What is more, the legal aspects of LFM have yet to be solved, and especially the 

liability for the recovered material. Until then, a landfill such as this one that has been remediated 

may stay like this, while others which might pose some imminent risks could be mined.  

The second site visit took place in the Gent industrial area, on an old industrial landfill (monolandfill) 

with gypsum waste from the nearby factories, now closed. This project was operated by Terranova. 

As this was a very old landfill, the waste was untreated and it was in need of remediation and 

stabilisation. The treatment is still in progress, even though a large area has already been 

remediated. The methodology used for remediation was the following: pumping of the acid water, 

reshaping and capping. The closed finished areas were covered with topsoil and grass. Finally, the 

surface of the top and two of the slopes was repurposes as a large-scale solar park for energy 

production. 

 

7.2.3. Data availability 

LFM APPLICATIONS 
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As far as the past application of LFM are concerned, according to the aforementioned 

methodology, OVAM has undertaken the task of realizing a landfill and brownfield inventory-

database which holds all the relevant information, vital to decision making which follows. These 

data are used with the FLAMINCO model – a software tool which utilizes Multi-Criteria Decision 

Analysis, MCDA) for the prioritisation of remediation measures. Currently, the total records are 1736, 

while 469 should be reviewed for further investigation, and 124 are in need for remediation. 

A study case for OVAM was the Zuienkerke landfill, located near Bruge’s port in Flanders. This was 

an old illegal open dumping site, with a total surface of 6 ha, which contained municipal, building 

& demolition waste. Its lifespan was during 1957 and 1967, with a rather shallow depth of 1 - 3m. The 

methodology used included: after the top layer was removed, five (5) contractors were employed 

who applied five (5) alternative material separation scenarios and remediation measures. Some 

interesting results of this study are the following: 

- The material was 80% earthy 

- Investigation was performed with non-intervention methods (various types of 

geophysical methods instead of drilling) 

- During mining there was no separate handling of potentially hazardous materials 

- The LFM application is preferable if combined with remediation  

- Other examples of similar projects have also taken place in Wallonia, Germany, 

Sweden, Baltic region. 

Another project fostered by the ELFM consortium, and in particular by the companies Group 

Machiels, ELFM, GreenVille, Cleantech, is the Remo Landfill ELFM project, which introduces the use 

of Gas Plasma Technology in the whole process to replace classic incineration of the wastes. In this 

way, the 'Closing-the-Circle' concept is respected; as all waste is recovered as resources (no 

residues for disposal are left). For more technological details, see chapter 5.3 of this report.  

This project has been designed thoroughly but its planning is still in progress as there is the need for 

investors. In this context, the consortium has planned to submit an EIT-KIC proposal to get the 

economic and EU support needed. Also, except from the financial restraints, there have been 

some more issues that the project team is facing, such as legal barriers, social acceptance 

difficulties due to NIMBY phenomena, as well as some resistance from the incineration and 

cements industry cartels, which are direct competitors of this project. 

 

METHODS & MACHINERY 

As mentioned above, the methodology used by OVAM in Flanders to assess and decide which 

landfill should be mined is the three-step approach: Mapping – Surveying – Mining.  
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1. MAPPING: This stage includes the identification of all the landfills of Flanders, active and 

inactive, and their insertion in a national inventory-database, followed by the creation 

of relative maps. This stage is completed for Flanders and the maps are showing 1736 

landfills, 323 of which are still operational. 

2. SURVEYING: At a second stage, information is acquired about each specific landfill, 

such as type of waste, period of landfill operation, volume of waste, distance and 

proximity to other landfills. Assisting to this task are: 

 A series of non-destructive methods of investigation, which can be used on-site 

to give an appreciation of the contents of the landfill. These tools include: 

Electrical resistivity tomography (ERT), seismic refraction, electromagnetic profile 

flux, Ground Penetration Radar (GPR), etc. 

 An online Land info registry, accessed through the OVAM website, which helps 

with the database organisation 

 The FLAMINCO model (created in OVAM): a comparative software tool used to 

analyze the LFM potential of every landfill, setting priorities and analysing the 

characteristics of every site. Its outputs are used as assistance to decide whether 

a site should be mined. 

3. MINING: Actual mining takes place at last, after the landfill has been selected and the 

method used has been identified and planned in order to be the most wholesome and 

economically viable that can be used. Proximity to other sites and their participation to 

the methodology used are generally preferable. 

In this way, the potential of the landfills are determined with the help of computer modeling tools. 

Generally, the age of the most profitable waste is between 1950 and 1985. This is the time when 

consumerism started to emerge and more waste was landfilled, but before the extensive use of 

recycling, so that more metals exist in the waste. 

The concept of temporary storage is also combined with ELFM. To support this idea, the 

“Intermediate Use” of the surface of site is proposed, which can have some kind of soft use, such as 

golf course, while many years of investigation and technological progress pass. Finally, the 

surveying has not been extensive enough to differentiate waste according to composition, 

fluctuation, etc. Nevertheless, combined geophysical methods (as mentioned above) provided 

information on increased concentrations of metals or inert material.  

The actual LFM works (waste separation and tests) are being carried out by waste handling 

contractors. The machinery array that is used most frequently on-site includes: 

- Separation into fractions using various sieve sizes (large, medium and small) 

- Separation of metals using magnets (ferrous) and eddy-current separators (non- ferrous) 

- Separation of plastic materials with air separators  
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ENVIRONMENTAL & SOCIAL ISSUES 

The most important environmental concerns which were identified by OVAM from their LFM 

projects in the past were the following: 

- AIR: The biggest hazard during the LFM works is the biogas production. If there are pockets 

of gas trapped inside the soil, these can be ignited or even explode when they surface. The 

best way to avoid such problems is to make sure that the waste is inert and then mine the 

site. 

- ECOSYSTEM: Sometimes, the vegetation (trees) which has grown upon the old landfill topsoil 

might pose a problem as it needs to be cut in order to be mined. 

There are definite social issues concerning LFM projects. OVAM has come across NIMBY sometimes, 

as closed landfills seem to be inert and it looks like they are re-opening. The most important thing to 

be done is proper communication with the concerned parties. Communication with the public 

should be taken seriously, and it is something that has to be done. OVAM has also invested in 

communicating waste management and remediation practices, including the use of LFM as a tool 

for remediation. In addition, they participate in networks related to waste management and LFM, 

such as the ELFM network. What is more, if value is created during the LFM, e.g. with the 

remediation of a site for the creation of a residential or industrial area, people might see it 

positively, and in combination with the remediation, the project gains acceptance over time.  

 

7.2.4. Data assessment 

During the site visit in Flanders, a vast amount of information was exchanged. All in all, the main 

conclusions that were drawn are the following: 

- Flanders is currently one of the most active EU regions in LFM, promoting the methodology 

and the discussion about it through the ELFM consortium platform. 

- It is also one of the first regions that the public sector undertakes LFM in such complete 

approach: every landfill of the area is mapped and catalogued and then the decision is 

made based on certain priorities to find which one will be mined. 

- New technology for LFM is promoted through the ELFM Remo landfill project. 

- There are actually many active and experienced contractors on this field. 

- Social issues exist but can be mitigated by working on communication paths and building a 

positive value out of LFM (e.g. with land reclamation) for the community. 

- The economic benefits are important: resources reclamation, EfW, land value creation as 

well as temporary jobs. 
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7.2.5. Information gap analysis 

For Flanders, there seems to be the need for more data on the following sectors: 

1. TECHNICAL DATA and RESULTS: The technical data acquired by the visit were few. There 

seems to be vague information about the specific machinery used and the results of the 

tests and the sampling that took place.  

2. FINANCIAL DATA: There is a lack of specific financial data on costs of machinery, non-

intrusive tests, whole projects (revenue or loss?) 

3. ISSUES: There seems to be small interest in the negative effects that the LFM has over the 

environment.   
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7.3. The United Kingdom 

7.3.1. Introduction 

The UK is generally one of the leading EU countries in the engineering and technology sector, being 

a very strong research and innovation center for many industrial fields. Environmental engineering 

applications, including waste management, have always been one of the country’s strong fields. In 

particular, during the last decade, waste management practices are being questioned again as 

the relative policy and legislation, which sets recycling and resources recovery as top priority, is 

pointing to a much more integrated and sustainable approach (Horth, 2006). Within this framework, 

LFM comes up frequently in the discussion about solid waste and landfill management. 

Unfortunately, after many communications with companies and organisations in the country, no 

site visits could be arranged and our team did not travel to the country. Therefore, this review is 

based almost exclusively on the literature available on the subject, proceedings from conferences 

and oral conversations with local stakeholder. 

 

7.3.2. Results from site visits 

The reclaim team was invited to the TNO headquarters in Utrecht by highly esteemed researchers, 

in December 2013. TNO is a research organisation (engaged into Deltares, the official body for 

research in the Netherlands). Its expertise and research missions highly contribute to the 

competitiveness of organizations in the country, to the national and worldwide economy and to 

the quality of society.  

The Project Team compiled a short-list of people who had been involved in LFM in the UK, through 

the available literature and they are presented below: 

 Adam Read and Kathryn Warren from the consultancy Ricardo-AEA, authors of the 

“Feasibility and Viability of Landfill Mining and Reclamation in Scotland - Scoping Study” 

(2013) for the public organisation Zero Waste Scotland. 

 Bert Ward from the organisation Zero Waste Scotland 

 Stuart Hayward-Higham from the UK branch of the French multinational company SITA, 

speaker at the Global Landfill Mining Conference and Exhibition, of 09-10-2008, with the 

subject “The practical, technical and commercial realities of large scale waste movement 

and its application to landfill mining”, and  

 Mike Harbottle and other researchers from Cardiff University, participating in the 

international ELFM Consortium 

Apart from the above-mentioned persons, several other communications with local stakeholders 

involved in waste management took place, but the results were not fruitful. As already mentioned 

in the Introduction, no actual site visits took place. To begin with, it was very difficult to establish a 

connection with the people involved in LFM in the UK. Also, when a few channels of 
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communication were established, there seemed to be a lack of interest for a meeting because no 

actual works were being carried out at that moment or in other cases it was very difficult to 

arrange a meeting on a mutually agreed date. 

  



 

ACTION A1 

LANDFILL MINING TECHNIQUES - POTENTIAL IN GREECE & EU 

 

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy   82 

7.3.3. Data availability 

The UK is currently producing 280 million tons of waste annually, 40% of which is recycled and 12% is 

send to be incinerated in EfW facilities. The remaining 48% is send to landfill sites for disposal, a 

rather large percentage comparing to the EU average. With this rate, the landfills of the UK are 

going to run out of space very soon (Castella, 2011). This is one of the reasons why LFM is a good 

option for the country as a whole.  

As for real cases, up until now, there have been some applications of LFM, for various different 

objectives, but not all of them appear clearly in the literature. For example Nelson (1994) mentions 

that some LFM projects had been carried out for regulatory and compliance reasons, such as 

introducing liners, because LFM complements existing landfill closure or capping methods.  

Also, many LFM cases occurred because those landfills had to be removed, as they were 

obstructing other larger projects. Jonathan Atkinson of the Environment Agency (2010) mentions 

the following projects, which all include excavation of materials and removal to a new site of 

disposal with little additional treatment other than taking care of obvious hazardous wastes: 

 The removal of the Chatham dockyard historic landfill site during the late 1980’s, which was 

part of the old dockyard estate, in order to reclaim the land as a housing area. The 

excavated materials were relocated to brickpits in Bedford. The quantities were so large 

that it took 3 trains per day for 2 years. 

 The removal of the closed council landfills of Marley Pit and Charing Kent, so that the CTRL 

route may take up their space (circa 2000). The landfills were old, containing mostly 

municipal (domestic) waste, which had been deposited before 1974. The waste was 

moved into a modern landfill. 

 The trial removal of wastes from an old landfill in West Sussex, in order to make way for the 

extension of the recreational tourist Bluebell railway (around 2010). 

Also, some pilot studies have also been carried out but without being documented, except for a 

small feasibility study carried out by the Norfolk Environmental Waste Services (NEWS) landfill in 

Costessey (Horth, 2006).  

A full-scale LFM operation was documented at the 2008 Landfill Mining Conference and Exhibition, 

by Mr. P. Davidson of Mayer Environmental, analysed in detail in chapter 5.3 (case number 6). The 

66.000tn of waste from the St. Helens landfill site was excavated, processed and metal was 

recovered at large proportion, making the project almost completely self-funded: Total income 

from the recovered metal and waste was almost £1,026,931 pounds, whereas the total operational 

costs were £1,260,436 pounds. If the saved costs of the landfill liability (around £3 million) and the 

increase of the land value are also calculated, then the benefits far exceeded the profits for this 

project. 

The most documented LFM project which took place in the UK is the Packington landfill project 

(Hayward-Higham, 2008 - Castella, 2011 - Ricardo-AEA 2013). This Birmingham site is one of Britain’s 

largest landfill sites, containing over 18.5 million tons of waste. Sita UK owns this site, as well as 23 
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others in the UK. This project had an original objective of improving the cell’s structure and lining, 

and resource recovery or land reclamation were not driving factors. This case is also in chapter 5.3 

(case number 7). 

An interesting technology innovation in the sector of LFM comes from the Advanced Plasma Power 

(APP), a UK based company, which has built a new age resources recovery plant, based on the 

Plasma technology. The waste (fresh or unearthed) is fed into the facility without any prior 

separation and is the gasified at temperatures of 5,000-8,000oC, producing a synthetic gas that can 

be used as fuel and a black, glassy material called Plasmarok, which can be used in construction. 

The company has established a demonstration unit outside Swindon and is collaborating with the 

ELFM consortium on the Remo landfill project, in Flanders, Belgium. 

Last but not least, an extensive theoretical approach of the LFM process was published in 2013 by 

the consultancy Ricardo-AEA, on behalf of the public organisation Zero Waste Scotland, entitled 

“Feasibility and Viability of Landfill Mining and Reclamation in Scotland - Scoping Study”. This is an 

account of the LFM history, methodology, concerns and results, as well as an argument on whether 

Scotland as a whole would benefit from it, if LFM should be applied for the waste management of 

the whole area. 

 

7.3.4. Data assessment 

In the given literature of the UK, there is a series of issues related to LFM which come up multiple 

times. First of all, it seems that at the most conventional cases of LFM, there were problems 

concerning the success of the separation process of the materials. Ricardo-AEA is of the opinion 

that the costs of the separation are very high if one wants to have a high yield of recovery of 

materials. This view is also supported by Sita UK, who had many issues with the recovery in the case 

of the Packington landfill. 

Another subject that still needs a lot of discussion and work is the whole system of regulations, 

licensing and permits. Getting permission on such projects can be a long and hard task, as the 

legislation around LFM is a bit vague. This procedure actually delayed a lot the St. Helen’s LFM 

process (Davidson, 2008). This issue should be addressed through communication channels 

between the waste business sector, the environmental consultancies and the Environmental 

Agency (Atkinson, 2010), so that the regulators are put up to speed with the specific needs and 

characteristics of the method, so that they are able to follow the particularities of each separate 

case.  

Finally, the strong need for sampling and processing trials is common amongst all projects. Every 

company should take the time and effort to conduct all the necessary tests, in order to plan the 

best methodology possible for the excavation works and the processing of the materials. 

In conclusion, it seems that LFM is a subject that will continue to concern the UK waste 

management sector, as it comes up in the literature with a periodic frequency. It has been 

successfully applied in many projects with different objectives, proving that the country has 

available the necessary technical capacity. The UK could even take the concept of LFM a step 
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further, by participating in the research for innovative new methodologies using the latest 

technological advances, such as Gas plasma technology, in the case of APP. 

 

7.3.5. Information gap analysis 

The identified information gaps concerning LFM in the UK, which need some more investigation, 

are: 

 There is no available information on the environmental and health hazards that the 

aforementioned cases dealt with. Also, results of the trials should be openly discussed within 

the scientific community. Such data are vital, as they could help in strengthening the LFM 

methodological strategy for future projects to come. 

 The social issues usually connected with LFM and the methods used to avoid them were not 

addressed by any study or publication. 

 In the sector, there seems to be a lack of interest for collaboration between the companies. 

However, many of the important issues of LFM could be solved if there was an open 

communication on this field, between the consultancies, the landfill operating companies, 

the public administration bodies and the scientific community. A platform of sharing of 

knowledge could be used, such as an electronic forum for example, for the mutual gain of 

all the interested parties. 
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7.4. The Netherlands 

7.4.1. Introduction 

The country is a pioneer of EU in waste management. According to EEA country report (2013), the 

main highlights of the country are the following: 

i. Landfilling was banned in 1995 for 35 waste categories;  

ii. Landfill taxation was also introduced in 1995, significantly contributing to reducing 

disposed MSW. In 2010, the landfill tax in the Netherlands was the highest in Europe.  

iii. The most common option for MSW is recycling. The country achieved the 50 % recycling 

target (est. by Waste Framework Directive) in 2009 (instead of 2020)  

iv. The current National Waste Management Plan aimed at increasing recycling of MSW to 

60 % by 2015. 

Recent research in the Netherlands has developed the concept of Sustainable Landfilling for 

modern landfills, in which waste bodies are used as bioreactors. Pollutants are broken down to 

harmless substances, flushed out or immobilised in the landfill, thus reducing the contaminant loads 

and associated threats to the environment. Essential is the use of rainwater, which means that 

expensive top seals are no longer necessary. So, active management of already dumped waste is 

already being executed. 

Apart from representatives of TNO, two private organizations were also represented in the meeting 

sessions, i.e. the companies ‘Witteveen + Bos’, with extensive experience in municipal and industrial 

waste valorization and management, and ‘Oonkay’ the partners of which have been deeply 

involved in research on sustainable landfilling and LFM.  

In view of this unique approach, the Dutch experience in disposed waste management seems 

more than useful to the scope of LFM.  

 

7.4.2. Results from site visits 

Several presentations took place during the sessions, namely: 

i. Landfill Mining and Mine Tailings 

ii. LFM primary empirical findings 

iii. Sustainable Landfills, Sustainable Landfill Management in Relation to Mining 

iv. Throwing light into black boxes: Using new characterization tools for risk assessment of 

abandoned landfills  or: THE LANDFILL RAT 

v. Temporary Storage, ELFM Symposium 2013 

In the past, there have been a few experimental projects related to LFM, i.e. 

• Volgermeerpolder (big landfill of Amsterdam) 
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• NAVOS project (inventory of around 3000 to 4000 landfills) 

• Wijsterbioreactor project  

• Landgraaf test-cell 

In addition, Dutch organizations had been involved in a few LFM projects in India. 

Today, there no LFM projects, mainly owing to the fact that research has been underfunded and 

interest in waste mining has been shifted to other waste issues. There is significant concern about 

the Canaalpark landfill (it has been in operation from 20’s to the 70’s) which now inside a residential 

area.  

Researchers provided the information that many old landfills are not getting enough attention 

owing to the fact that LFM is not attracting attention, against other more obviously beneficial waste 

management projects. The most promising case for mid-term or long-term LFM is the sustainable 

landfill. The main reasons for LFM projects in the Netherlands seem to follow the paradigm of 

Belgium: remediation and Redevelopment have been the main reasons in several scattered 

projects.  

The sustainable landfill is based on the addition of air and/or moisture to form an aerobic rather 

than the usual anaerobic environment. This type of management accelerates waste degradation 

and leads to the recovery of valuable resources through LFM. In this approach, a LF can be viewed 

as a controlled ‘treatment system’ rather than a long-term waste containment structure. The 

treated waste, soil cover and plastic wells (used to inject air and water) can be mined and 

excavated so that ‘new’ cell airspace can be created. From a life-cycle perspective, the 

sustainable LF (also known as a bioreactor landfill) could be the basis for a cost-effective 

sustainable solution to MSW. 

 

7.4.3. Data availability 

The information that can be utilized in LFM projects is related to the following:  

• Project ECO2Profit in cooperation with the authorities in Flanders: extended tool for 

valorisation landfill potential of renewable energy (gas, solar, wind, energy crops) 

• Historical city maps (development of a landfill) 

• Setting up a particular procedure (sampling, evaluating, etc.) based on the actual site. 

• LFM of mine tailings 

• FLAMINCO tool (developed by W+B for OVAM), mainly a Multi-Criteria Decision 

Assessment tool, now 2.0 version is being developed but it is still at a proposal stage  

• Geophysical investigation methods: Consoli Test (surface sound waves), Ground 

Penetration Radar (GPR), etc., geoelectrical cross sections 

• Risk Assessment Toolbox (RAT) method for deciding if a landfill should be mined. The 

overall plan is presented in Fig. 6.4.3-1.  
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• Chemical tests: classical tests and isotopes 

• Biological tests in leachates: DNA tests of organic micro-contaminants 

 

 

Figure 6.4.3-1. Flow chart for the proposed RAT tool, related to feasibility assessment of LFM 

 

To enable future profitable reuse of materials: 

• long storage periods can be necessary (up to decades or more) 

• New storage outlines (designs) have to be developed (based on: material properties, 

conditions for site use, cost-efficient material reuse, market and technology 

development prognosis) 

• This is provided by the Temporary Storage concept 

The Temporary Storage is a concept that can be used to improve the Waste Hierarchy or, as better 

known in the Netherlands and Flanders, Lansink’s ladder, a modified version of which is presented in 

Fig.6.4.3-2. The concept of Temporary Storage is an extension of the concept of Preliminary storage 

(maximum 3 years, according to the Landfill Directive) but also a way of creating a sustainable 

landfill, as presented in the previous paragraphs.  
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Figure 6.4.3-2. Lansink’s ladder, modified by introduction of the Temporary Storage concept 

It has been proposed that several types of wastes can be temporarily stored: 

• Waste which can be separated in the near future (plastics) 

• Waste with low degree of pollution like demolition waste of fines (extensive in-situ 

treatment) 

• Fine fraction residue of mechanical separation (biological stabilization/flushing of salts) 

• Waste with a relatively high amount of metals (store until metal prices rise or use 

extensive extraction processes like heap leaching) 

In the International Academic Symposium on Enhanced Landfill Mining, Hans Groot and Nanne 

Hoekstra from TNO presented the examples of state-of-the-art treatment process technology: 

• Leaching: extraction of metals, objectives: 

o Improve the leachates quality 

o Enhance biogas production 

o Minimise pollution potential and aftercare 

o Improve possibilities for reuse 

• Soil sanitation 

o Focus on extensive in-situ remediation/on-site treatment of pollution by 

oxidative/reductive degradation processes. 
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o Wide range of techniques available: land farming, substrate injection, combi-

remediation etc. 

• Remediation of solid wastes containing biodegradable organic materials 

o Leachate recirculation 

o Aeration (passive (windrows)/active (air injection, push-pull systems over-extraction)) 

• Removal of inorganic materials from solid wastes 

o Removal by flushing/flushing bioreactor 

• Innovative technologies in development 

According to same researchers, Temporary Storage:  

i. Will make disposal to landfills and incineration of potential resources obsolete 

ii. Will prevent recycling of low quality material 

iii. Will limit aftercare costs and environmental risks of landfills 

iv. Will enable unmanaged landfills to be excavated and completely removed providing 

useful space to society 

Finally the reclaim team was informed that the Dutch Waste Management Association (DWMA) has 

adopted the sustainable management concept. The DWMA and several of its members are 

participating in the Sustainable Landfill Foundation (Stichting Duurzaam Storten), which is 

investigating and testing various sustainable landfill techniques. It is expected that these new 

techniques can reduce environmentally damaging emissions to zero within a single generation (30 

years) creating permanently environmentally safe landfills. For many years (since the 2000’s) the 

DWMA has been seeking ways for process-based design criteria to eliminate the aftercare of 

landfills. According to a relevant report titled “Opening the Black Box”, “knowledge of the 

processes responsible for the undesired emissions will lead to technological design measures being 

developed that will allow control of the main processes that give rise to these emissions”. Therefore, 

more environmentally friendly and sustainable landfills can be achieved in the future.  

7.4.4. Data assessment 

According to available information a national inventory of the Netherlands’ landfills is available 

online; nevertheless access to the inventory may be restricted. Studies have shown that 80% of the 

landfills of the country are not in need of remediation (no environmental/health threat): the 

pressing objective of remediation is taken out of the equation. In any case, “de-contamination” is a 

word that induces uncomfortable feelings and NIMBY phenomena are not rare. There are around 

3800 abandoned landfills in the Netherlands, a lot of them on the rim of towns and cities. There can 

be a sustainable reuse of these waste sites and there is certainly a difference between old and 

modern waste sites. 
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In general, the main conclusions that were drawn from the Dutch experience are the following: 

- The basic concepts that are of a Dutch-research origin are: 

o The temporary storage 

o The sustainable landfill 

The two concepts are closely related, since there cannot be the one without the other. 

- The available knowledge is considered adequate for an adoption of this technology and 

there are several attempts to introduce these concepts into Dutch legislation, by forming 

agreements with the government. 

- The proposed model are readily exportable to other areas, owing to its simplicity of 

application and mature technology 

- Major drawbacks for adoption are primary political and social and secondarily economical.  

 

7.4.5. Information gap analysis 

The major gap of information lays mainly on the economic implications of a generalized 

application of the temporary storage/sustainable landfill concept. Projections of monetized 

potential socio-economic benefits are needed in order to be compared to present capital 

expenses for maintaining sustainable landfills.  

Another potential gap is related with the critical size of a landfill that would enable society to invest 

in treating it as a sustainable landfill. It does not seem certain that all landfill are suitable for this 

purpose, especially if the disposed waste is relatively poor in resources.  

The latter case, poor landfills seem to be another field for future research, since exploitation 

scenarios should be developed to identify the meta-uses that could provide socio-economic 

benefits greater than social cost.  
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7.5. Spain 

7.5.1. Introduction 

The country of Spain is practically divided into two regions that move in difference paces in regard 

to waste management: Catalonia and the rest of Spain. This Distinction is crucial for understanding 

the implications of LFM in the country. The contacts of reclaim team focused on Catalonia, 

because this specific region is more advanced in terms of waste management. In this area, the 

key-actor in waste management is ARC, the waste management authority of Catalonia: a 

governmental Agency, working under the Autonomous Government of Catalonia. According to 

Catalan legislation, ARC: 

 is providing general guidance and waste management plans 

 is providing approval for waste facilities (landfills, MBR plants, compost plants) 

 regulates the transport and disposal of municipal and industrial waste in the wider region of 

Catalonia 

 regularly inspects existing waste management facilities and is responsible for the 

environmental footprint, providing operating terms, guidance and experience 

Although LFM in Spain is not a widely known concept, there have been publications that recognize 

its role in the economic system, along-side the so called urban mining1. The most known such 

publication is the “Minería urbana: extracción de recursos de los vertederos” written by  Ignasi Puig 

Ventosa et al. in 2011. The review included in the publication presented 22 cases of LFM, according 

to which it is concluded that typical dumps for MSW contain 50-60% of soil type materials or land 

(from the material and cover heavily weathered residue), 20-30% of materials fuels (e.g. plastics, 

paper and wood), 10% of other materials.  

7.5.2. Results from site visits 

In 2013, ARC celebrated their 20th year publishing a celebration volume on Waste Management in 

Catalonia, titled: “De residu a recurs: 20 anys de gestio de residus a Catalunya”. ARC plans to 

organize the waste management system through a Waste Management Plan (2014-2020) due for 

release probably within 2013.  

Catalonia is member of the ARC+ (www.acrplus.org) network of European municipalities 

Regarding general waste management situation in Spain: 

• Separate waste collection is not as popular as in Catalonia 

• Municipal waste are mostly disposed directly in LFs without pretreatment 

                                                
1
 Urban mining is related to extraction of waste from urban unofficial deposits, priori to disposal into landfills 

or incinerators.  
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• LFs are usually not combined with other types of plants (e.g. compost) 

• There is an unknown number of uncontrolled LFs that remain uncapped and constitute 

an environmental hazard 

The project that was designed as an LFM application (without being called that way) in Catalonia 

was the removal of Berga Landfill, which took place between 2008 and 2010. The site was active 

between 1992 and 1996. Certain material was provided (presentation, report) regarding (a) the 

survey of the ULF, (b) the LFM application that took place and (c) the fate of the disposed waste. 

The Waste Management Plans of 2014 include a unification of the waste valorization process (only 

for class II waste – MSW landfill) based on the type and composition of material, instead of the 

origin of the material (industrial, municipal or extraction-demolition-construction) 

Separate collection has achieved a target of 39% separate streams (32% if cleaned) and 61% 

mixed waste. These targets will be significantly raised in the forthcoming plan. 

Several visits to landfills were realized, including:  

Santa Maria de Palautodera 

[Els Hostalets de Pierola LF] 

Host: Ramon Pares Ral 

Company: Ferrovial servicios (ex Cespa) 

And  

Conca de Barbera 

Hosts: Ramon Palou I Capdevilla & Albert Sarahuja Foguet 

Company: Consell Comarcal de la Conca de Barbera 

 

7.5.3. Data availability 

In Spain, MSW disposal continues be the fate of most of generated waste, 70% in 2010. The 

potential recovery in Spanish household waste has been estimated around 275 million tones 

present in controlled landfills, according to historical data from 1980 to 2010. To this amount 

approximately 30% of cover material should be added. Most Spanish controlled landfills receive 

between 10,000 and 300,000 tonnes per year, with an average capacity of over two million tonnes 

and currently are filled in more than 50% of total capacity.  

There are two main types of technologies or processes separation: stationary plants, and mobile 

plants, which are located in the same landfill. Although both have a similar process, the second 

have most relevant labels: cost, being the first somewhat higher, and recovery levels materials, 

being significantly higher in the stationary plant, which is achieved in whole values of mitigating 

GHG emissions.  
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However, it is noteworthy that more research is needed on the recovery levels for various materials. 

The fractions resulting from the process of sieving and separation of these technologies are the 

coarse fraction (e.g. > 50 mm), the fine fraction (< 18 mm or < 25 mm) and the intermediate 

fraction. The first is the one which contains most of the materials recycling potential, while the fine 

fraction is easier for recovery and often contains organic material and soil; it can serve as potential 

cover material for other landfills or for restoration processes of degraded or as building material. The 

remaining fine fraction is returned to the landfill.  

Non-recyclable materials and of high calorific value, can usually implement a process for energy 

recovery. In relation to the costs of mining landfill should be noted that each project and each 

landfill is a particular case which changes the costs and income significantly. However, for present 

reference values, according to the literature, the average cost of excavation is located at 3.3 € / 

ton of extracted material. To this, the costs selection and processing of materials, that on average, 

analyzed for the two projects is 32.8 € / ton.  

On the other hand, the economic benefits derived from the system are related mainly to the 

following aspects:  

 increase of landfill capacity  

 avoided costs or reduced sealing of the landfill ( from emissions avoided)  

  savings in custodial activity post -closure the landfill  

 costs of decontamination landfill areas near long term 

It should also be taken into account the income from the sale of the recycled materials reclaimed 

land for sale can be used mainly as cover material, and finally, the sale of energy from the 

combustion of not recyclable and high calorific materials. As to the recovery of materials, prices of 

recovered metals are generally significantly higher than those of other materials recovered, 

especially as rare earth is concerned. This reinforces the need to invest in the selection of these 

materials to increase the profitability of the project. Socially, LFM operations may create jobs in 

direct, indirect and induced ways. According to the literature the average generation direct 

employment can be between 38 and 50 jobs per million tons mined.  

Furthermore, the recycling industry can provide up to ten times more jobs per tonne recycled all 

Mining operations per ton landfill extracted. Finally, at the environmental level, according to 

calculations, if LFM processes were adopted in Spain in 2010, a reduction in GHG emissions in Spain 

would be obtained equal to 1% and 2.7% depending on whether LFM would be applied in landfills 

with or without energy recovery and if developed in plants mobile or stationary, with the latter 

offering higher levels of reduction.  

On the other hand, the waste management system in Catalonia focuses mainly in separate 

collection of waste streams, special emphasis given to biowaste. There are at least 4 different 

waste bins within the cities (for respective waste streams) and many more in so called Green Points, 

where citizens can bring their own waste. The system is designed according to the waste hierarchy 

of the Directive 2008/98/EC.  
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The provision of the Landfill Directive for treatment of waste before disposal to landfills has not been 

applied in the majority of the landfilled residues (~60% w/w) and only recently the situation has 

begun to improve. The general picture is not uniform in all Waste Management Districts: while 

Barcelona is very progressive with many separate waste streams, there are other districts which do 

not fully apply separate waste collection and therefore are in urgent need of re-organization and 

utilization of new MBT plants.  Owing to the economic crisis the waste production in the past 3-4 has 

been decreasing and, amplified by the use of MBT plants, the disposal to landfills is significantly 

decreasing every year. Decreasing disposal has led the waste management system to over-

capacity issues which demonstrate the following: 

 Increased competition between landfill managers (private companies or municipality 

unions) 

 Lowering of gate-fees to create incentives 

 Increasing capacity of separate waste streams treatment  

 Inversion of NIMBY phenomena to the exact opposite: local authorities and/or LF managers 

give incentives for waste management facilities in their areas in order to attract waste 

streams, and therefore gate-fees 

 

7.5.4. Data assessment 

There are four incentives for LFM in Catalonia: 

1. Rehabilitation of uncontrolled landfills (ULF) which pose a significant risk (“mining the risk” 

approach). In this case, surveys show that the ULF leachate pollutes or may pollute groundwater 

and it is possible that also surface water may be polluted by wash-off of exposed materials. If the 

removal of disposed materials is inevitable, then it is to the advantage of the project to lead as 

much material and as technically feasible to the market. Simple LFM techniques can contribute 

significantly in this respect.  

2. Increase the valorization of landfilled waste. The decreasing profits of waste management 

systems, especially LFs without MBT plants, have led the administrations to seek for additional ways 

to create profit and one of these is the reclamation of materials. There are 3 LFM experiments 

planned for in respective landfills in Valencia, Spain, and there is also the decision for one in 

Catalonia.  

3. The forthcoming Waste Management Plant 2014-2020. This plan will make official the 

moratorium on new landfills that is already in place in Catalonia. The direct effect will be the 

banning of permitting new landfills or extensions to the new ones. Therefore, LFM is seen as an 

opportunity to increase the lifecycle of landfills 

4. Planned experimental facilities for treating organic waste. ARC staff has designed a 

prototype unit consisting of cells for assisted composting of organic residues. There are two main 
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sources of this type of waste: (i) biowaste collected separately by the municipal systems and (ii) 

organic waste as a product of MBT units prior to LF disposal. There is another option under 

consideration: since the cells will be fed by available waste stock, wherever there is under-capacity 

operation, the feed will also include organic waste directly mined from the LF, to which the 

prototype unit will be related.  

 

7.5.5. Information gap analysis 

Since landfills in Spain (and especially in Catalonia) are mostly controlled by private companies, it is 

of great importance to understand the limitation that these companies have for the application of 

LFM. In this era of transition for Spain from a waste economy based on landfills to an economy 

based on waste valorization, the financial incentives for applying LFM are increasing and pilot 

studies will emerge. Knowledge gaps include: 

 Composition of waste accepted in landfills, depending on the degree of separation at 

source that it is applied in each district.  

 Social acceptance of old landfills near or inside urban areas 

 How the waste systems and market adapt to the coming change in classification of non-

hazardous waste according to composition instead of origin. 
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CHAPTER 8. OVERALL CONCLUSIONS 

8.1. At EU level 

8.1.1. Introduction 

In order to assess the state-of-play of landfill mining in the EU, a codification approach was 

adopted. The codification provides the advantage that it is an analytic way of describing 

practices and concepts, useful to the assessment, enabling a final synthetic approach. The 

necessary methodological steps included: 

i. General description of concepts applied throughout the EU, based on published research 

and policy papers 

ii. Specific descriptions of the assumptions that underlay each of the concepts 

iii. Assessment of the advantages and disadvantages of each concept 

iv. Overview of the current status in relation to applications and success stories in the literature. 

 

8.1.2. LFM as tool for environmental policy 

General description 

This approach introduces the new concept of Sustainable Materials Management and the broader 

shift to a Circular economy. From this point of view, landfills are no longer considered as a final 

destination for waste but as a part of the materials cycle. The potential valorisation of the disposed 

waste is an important aspect in the assessment of the environmental impact of landfills. It is based 

on the three step approach of Mapping-Surveying-Mining.  

The main characteristic of this approach which differentiates it from the other is that it is never 

applied alone but as a secondary activity in a broader rehabilitation – restoration plan for 

brownfields and depleted areas or redevelopment schemes. In this sense, LFM is used as a means 

of obtaining economics benefits from activities that involve costs but pose positive social 

externalities.  

Assumptions – prerequisites 

Existence of brownfields or ULFs which have secured funds for rehabilitation 

Efficient technologies for handling the extracted materials, which could be partly MSW and partly 

industrial waste.  

Existence of social pressure for rehabilitation (especially in urban areas) and social acceptance of 
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the works that need to be done 

No need for net profit from the works, but requirement for  positive contribution to the overall 

budget of the project 

Economic model 

In rehabilitation projects, costs are usually related (or reduced) to per unit volume cost. If 

rehabilitation is combined with an LFM application, benefits from LFM are seeing as negative costs. 

Thus, unit costs cost can be limited to a smaller amount and the difference can be allocated 

elsewhere. This model requires that only profitable materials will be exploited, to avoid expensive 

solutions.  

Advantages 

Potential for recovery both materials and Energy 

Efficient land reclamation 

Soil decontamination and removal of extraction waste 

Environmentally efficient solution, because: it does not require disposal  

Parallel benefits related to rehabilitation (e.g. nuisance) 

Disadvantages 

There is no business model behind the use of LFM in this context; therefore there is no incentive for 

adopting it, apart from a marginal financial benefit from the commercial value of the extracted 

waste. If quantities are not large enough, exploitation of waste may prove costly instead of 

beneficial and incur more hidden costs (e.g. high machinery rents).  

The results are still premature, therefore practicality of approach is not sufficiently proven 

Application requires priori investigation, usually through geophysical methodologies. These 

methodologies supposedly reduce surveying costs, but no margins have been established yet for 

the cost-efficient application.  

More suitable for the public sector than for the private sector, owing to the “loose” economic 

approach. 

Current status 

It is practiced by public waste management authorities in Belgium (mainly Flanders) while other 
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projects are being sought for in Sweden and Denmark.  

 

8.1.3. LFM as waste valorisation opportunity 

General description 

It is generally known as the Temporary Storage concept, which can be combined with the 

complementary concept of Sustainable Landfill. For Temporary Storage, delivery and excavation in 

bulk is the easiest and cheapest method. Storage can be performed relatively dry, so there is no 

need for storage in bales. In landfill operations, compactors are used. The separate storage of 

materials is of course limited by space and the daily organisation and variation in delivery does not 

allow to create a multitude of separate storage cells. This could be organised differently if more 

space and a guaranteed delivery (on long term) would be available.  

According to researchers, selective storage can be organised based on the following: 

1. Partitioning in groups which can be valorised as a whole, that is  division of the Temporary 

Storage site in cells; 

2. Handle materials in daily or weekly uniform amounts  

3. Create an inventory of materials by location and construction of a 2D or 3D model. 

Assumptions - prerequisites 

Existence of old (20 years at least) to very old (older 20 years at least) landfills with mixed waste and 

possible existence of industrial mono landfill cells. Benchmark age depends on each country’s 

milestones in EU directives application.  

Existence of large landfills that can provide materials for a time long enough to outweigh the initial 

preparation.  

Existence of suitable ad sufficient markets for the produced materials 

Alternatively: 

Strict landfill policy (landfill moratorium) may provide sufficient incentive for LFM applications to 

increase available space.  

Economic model 

Development of recycling technologies for wastes that are currently still disposed is an expensive 
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goal 

The markets for recycled products are very demanding, hence investors seek to improve the 

markets first and then fully develop their business model 

The scale of operation (i.e. the size of the LF and the type of materials), researchers claim that will 

affect the business plan of a waste to resource transformation. Temporary Storage can help in 

providing the appropriate amounts coming from one or more producers. 

Certain best practices, such as baling may add significantly (e.g. 5€/t to 30€/t) to the total mining 

cost, making it less attractive for separating material streams, or setting it off the market.  

To conclude, the business model for this kind of an approach is heavily dependent on the market 

for recyclable materials and on the available valorisation techniques, that will leave as little 

residues at possible (e.g. plasma gasification, glassification of assess and residues).  

Advantages 

Direct land reclamation 

Continuous landfilling into the temporary storage facilities 

In situ and ex situ mining potential 

Development opportunities on the new land 

Sufficient resources for cover material (wherever needed) and biogas enhancement and 

production 

Disadvantages 

Expensive set-up and operation 

Need for large and old landfills 

Innovative technologies are usually experimental, so they entail a business risk for full scale 

applications 

There are hidden opportunity costs in developing new markets and new technologies.  

Difficult to manage by the public sector, owing to many factors related to the complexity of the 

approach 

Current status 
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Two main applications under consideration: 

1. Reno landfill in Flanders (ran by Group Machiels) 

2. Sustainable landfill application in  the Netherlands, under negotiation for adoption by the 

government 

The current experiment pinpoint that the model is sub-optimal in EU, although it is better 

developed in the USA.  

 

8.1.4. LFM as a future possibility  

General description 

This model does not exclude LFM from the waste management process, nevertheless, many 

researchers think that the market (technology for valorisation and sales market ) is not ripe for such 

an approach, simply because. 

i. there is no demand for recycled materials that can support LFM 

ii. there is luck of technical advancements for full exploitation which makes the attempt futile 

iii. there is evidence that storing waste may contribute to CO2 sequestration instead of CO2 

production (as claimed by other scientists).  

Assumptions – prerequisites 

Legislation amendment nationally and at the EU level 

A standard minimum of installation may positively contribute to a better LF operation (e.g. 

enforced biogas production and limited land reclamation  

The landfill until fully exploited may follow the temporary storage model to increase costs in the 

future  

Economic model 

The economic model is based on the concept that waste will or may have an opportunity for 

getting favourable prices in the international market after at least a decade.  

Advantages 
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On-site removal of bio-waste as biogas  

Intermediate opportunities to exploit available space or limited amount of waste.  

Disadvantages 

Does not apply LFM today but in the distant future 

Misses positive externalities related to LFM (restoration, increased life expectancy, etc) 

Current status 

Some developed landfills in Belgium (Hooghe Maey LF) or Spain (Santa Maria de Palautodera, 

Barcelona) may be considered under this model, since they apply techniques for land reclamation 

and development (e.g. PV installations), exploit biogas for energy production and consider LFM 

techniques for future expansion and development. 

In practise there is no clear view as to whether LF managers have a well oriented plan for valorising 

waste from their LF, as this will depend on the competitive LFs and the recyclables market.  

 

8.2. At the national level 

Keeping in mind the findings of the present report, there are many pieces of evidence which 

support the argument that there is large opportunity for Landfill Mining in the Greek reality. This 

evidence is related to a number of different factors and characteristics of the national and 

regional Waste Management Systems. In particular, the following parameters have been identified 

as the most important: 

a. Across the country, there is a great number of uncontrolled landfills. This is a very serious 

problem for Greece, which in this period is being dealt with by restoring these sites through 

covering and isolating them from the environment, after a standardized assessment. 

However, this approach creates the need for after-life monitoring expenses, limits the 

potential of different land uses and keeps potential material resources buried. Instead, LFM 

could be a preferable alternative for the restoration of uncontrolled landfills in many cases, 

as it provides a way to remove all the waste from a dumpsite, reclaim the valuable 

resources and restore the land, by saving funds on the future monitoring expenses which will 

not be necessary any more. 

b. Furthermore, there are a significant number of landfills close to or inside urban areas. In 

these cases, there is a high demand for land for multiple types of use and LFM could be a 

solution to this problem. By removing the waste from these landfills, the land can be 

remediated and can be reclaimed for many different uses, adding more value to the 

adjacent areas in the process. 
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c. One of the biggest issues that the Greek Waste Management System is facing is the 

increased pressure for extension of sanitary landfills life-time. This is due to several factors, 

including the closing of unregulated landfills and dumpsites – the waste which used to be 

disposed in these sites must now be directed to recycling centers and sanitary landfills– the 

limited availability of environmentally and socially acceptable spaces for the creation of 

new landfill sites, especially near urban areas and the time-consuming procedures which 

are related to the creation of new sanitary landfills. For this reason, LFM could be used in 

many operating sanitary landfills. Through removing recyclable materials, more space is 

created, prolonging their lifetime of the landfill itself. 

Up until now, the only cases in Greece, where waste valorisation actions have been designed and 

applied is the mining and metallurgical sector. Especially in the case of metallurgical waste, the 

waste recovery for the production of new materials and for increasing the levels of environmental 

protection may provide useful techniques and insights into policy implications. Nevertheless, 

experience in the MSW valorisation after landfilling does not exist in a national level.  

As far as the future is concerned, it is not expected that all models described in the previous 

sections will provide positive results at the national level for the Greek case. There are still many 

issues that remain unclear and questions that are still unanswered, before a full scale LFM 

application can take place in the country. Main obstacles are related to: 

i. Legislation: The current national legislative framework (see §2) does not support the 

unearthing of waste. In fact, when the landfill is closed (capped or restored) it is prohibited 

to open it again. This is one of the main problems when trying to perform LFM, especially as 

a part of a regional integrated Waste Management System. This is important to change as, 

in many cases, older and closed landfills and dumpsites contain much more valuable 

materials, such as metals, due to the fact that recycling percentages have risen significantly 

during the last decade. Also, the legislation should enable the selling of the reclaimed 

materials and products of LFM, which at the moment is not allowed. 

ii. Bureaucracy: The peculiarity of the Greek paradigm is related to the long duration between 

the time when any EU legislation was adopted and the time when this legislation was 

incorporated into the Greek law system. This duration, especially in the past, might range 

between 1 and 10 years and as time passes there is a great effort invested into shortening 

this duration. In the case of WFD 2008/98/EC, the relevant legislation passed in 2012 (Law 

4042/2012). Such long “response times” are not favourable conditions for researching, 

cultivating and applying innovative approaches, since all efforts are directed mainly to 

compliance. In this sense it has been difficult for the local public and private bodies to 

incorporate methods that even today are considered to be in the margin of compliance to 

existing legislation. 

iii. Availability of equipment: The machinery required for LFM is very scarce in the Greek 

market. This limited availability is the cause of very high prices for renting the said equipment 

and experiencing lower productivity levels. A solution to this issue, especially when 

designing a full-scale application, could be to address the foreign markets of Europe, where 

relevant experience has also been consolidated. 
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iv. Social acceptance: In many countries as well as Greece, every landfill-related activity can 

be affected by social acceptance issues. NIMBY (Not in my back yard) phenomena are 

always surfacing when a new landfill project is being presented to the public. The same can 

happen when planning a LFM project, as the opening of a long-closed landfill can be met 

with some strong social conflict. Also, in Greece there are some trust issues between the 

public and the government or the waste business sector, making it difficult for waste-related 

projects such as LFM to get public support. This issue can only be dealt with openness: 

organization of communication actions and events such as workshops and public forums 

are the only way to gain the people’s trust. 

v. Sufficient Financial Data: The research performed in this report did not produce a detailed 

financial analysis on which the Greek authorities can support the right actions, when it 

comes to LFM. Unlike other European countries with relevant experience in LFM, Greece has 

some particularities, with the main one being the limited market for recyclable products. It is 

important to have some solid financial data in order to make any decisions about LFM 

projects and create a concrete business case. Through the Pilot Demonstration Unit, the LIFE 

reclaim project aims to set a relevant financial framework and build a financial tool, tailored 

for the needs of the Greek reality, which will be available for future use by anyone 

interested. 

 

8.3. Future actions - Proposals for gap narrowing 

8.3.1. Actions necessary for the economic feasibility of LFM 

The research for the present report has identified the need for implementation of the following 

required actions to create the preferable circumstances where LFM can be economically viable: 

- Compose inventories for waste management facilities and uncontrolled landfills: It is 

important not to miss the bigger picture when designing LFM projects. LFM can be used as a 

tool combined with a generalised regional Waste Management System, thus, creating 

landfill inventories can help in evaluating the specific needs of an area as well as the best 

scenarios for LFM application, by knowing the landfills’ age and contents, providing a 

systemized way to make decisions on LFM applications. 

- Promote applications of LFM in different countries and settings: Countries that have not 

engaged in LFM yet might provide an interesting potential for this method as there probably 

exist many current or older landfills. Furthermore, different settings also provide different 

market conditions and opportunities e.g. LFM could provide fuel for a Waste-to-Energy 

plant, in areas where they exist, or it can also retrieve metals and other materials if these 

exist in the landfill. 

- Elaborate business plans, using different technologies: In many cases, technological 

advances can actually provide a better business case. This is also applicable to LFM 

projects, as the need for the update of the technology used has been identified. In fact, 

some publications have already started proposing innovative technological approaches 
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(Van Passel et al, 2010, Van Vossen and Prent, 2011) instead of traditional LFM methods in 

order to create a better business case. 

- Develop tools for decision making on the feasibility and economic benefits of LFM: A 

decision-making tool can be used to quickly assess and evaluate a LFM project, thus 

making it easier to develop a successful and feasible proposal for a plan. It can also help 

regional authorities to choose the best alternative when assessing different LFM scenarios on 

the various landfill sites of the region. 

- Encourage private sector to experiment through research funding or other programmes: 

The private sector should become more involved in LFM projects, as it can contribute 

greatly to its implementation, its feasibility and its evolution. This can be accelerated by 

creating new policies that promote funding for such projects. On this note, the LIFE reclaim 

project aspires to draw a National Action Plan in order to identify the ways that LFM can be 

implemented in Greece and propose a series of policies towards this goal. 

- Develop innovative methodologies and generalized evaluation indicators: As described in 

the report, the research showed that the LFM concept is very broad and can actually 

include many different methods and/or kinds of applications. The elaboration of General 

Indicators can provide the basis of an objective evaluation of all these methods and assess 

them for each particular situation. 

 

8.3.2. Actions necessary for the evaluation of social acceptance of LFM 

To raise and evaluate the social acceptance of LFM, the following actions were identified during 

the research for the present report: 

- Public dissemination activities of the scope of work and techniques of LFM: The interested 

communities must firstly be properly informed about all the different aspects of LFM and its 

benefits and drawbacks, in order to have an unbiased opinion and provide the necessary 

social support to potential LFM applications. This can be achieved through local workshops, 

public forums, distribution of informative flyers, online activity, such as websites, newsletters, 

social media engagement, etc. 

- Conduct social studies on NIMBY in relation to waste management: During the struggle to 

achieve social acceptance, a research on the main reasons and patterns of social 

behaviour and NIMBY phenomena concerning landfills and waste-related activities must be 

carried out. Understanding the cause of these issues can help greatly in identifying ways to 

overcome this obstacle and provide ways for the public to be more involved and work to 

the benefit of the project. 

- Conduct social surveys on the potential social benefits (or costs) of LFM: As this is something 

that is missing from the relevant literature, the results of a Social Survey can help when 

evaluating the potential of a LFM project and it can help with making decisions about it. 
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- Increase incentives for forming networks of diverse stakeholders in waste management in 

general and LFM in particular, such as the newly formed EURELCO: The engagement of 

many stakeholders into the discussion can bring change into the sector as these networks 

can become an active platform for discussing LFM and potential projects and ideas. 

Communications and collaborations between the partners is a way to understand the 

needs of the sector and even influence change. 

- Increase incentives for exchange of information between public bodies or interesting 

private parties and public bodies: It has been proven that the exchange of information, the 

dissemination of knowledge and the frequent communication among interested parties 

can only help any project. Public bodies and in particular those active in waste 

management must be able to approach private and/or other public bodies about LFM 

applications and establish communication channels to promote the use of the LFM project. 
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Appendix 1: Disposal Operations according to various EU directives 

COUNCIL DIRECTIVE of 15 July 1975 on waste (75/442/EEC), OJ L 194, 25.7.1975, p. 39) 

D 1 Deposit into or onto land (e.g. landfill, etc.) 

D 2 Land treatment (e.g. biodegradation of liquid or sludgy discards in soils, etc.) 

D 3 Deep injection (e.g. injection of pumpable discards into wells, salt domes or naturally occurring 

repositories, etc.) 

D 4 Surface impoundment (e.g. placement of liquid or sludgy discards into pits, ponds or lagoons, 

etc.) 

D 5 Specially engineered landfill (e.g. placement into lined discrete cells which are capped and 

isolated from one another and the environment, etc.) 

D 6 Release into a water body except seas/oceans 

D 7 Release into seas/oceans including sea-bed insertion 

D 8 Biological treatment not specified elsewhere in this Annex which results in final compounds or 

mixtures which are discarded by means of any of the operations numbered D 1 to D 12 

D 9 Physico-chemical treatment not specified elsewhere in this Annex which results in final 

compounds or mixtures which are discarded by means of any of the operations numbered D 1 

to D 12 (e.g. evaporation, drying, calcination, etc.) 

D 10 Incineration on land 

D 11 Incineration at sea 

D 12 Permanent storage (e.g. emplacement of containers in a mine, etc.) 

D 13 Blending or mixing prior to submission to any of the operations numbered D 1 to D 12 

D 14 Repackaging prior to submission to any of the operations numbered D 1 to D 13 

D 15 Storage pending any of the operations numbered D 1 to D 14 (excluding temporary storage, 

pending collection, on the site where it is produced) 
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Appendix 2: Recovery Operations according to various EU directives 

COUNCIL DIRECTIVE of 15 July 1975 on waste (75/442/EEC), OJ L 194, 25.7.1975, p. 39) 

R 1 Use principally as a fuel or other means to generate energy 

R 2 Solvent reclamation/regeneration 

R 3 Recycling/reclamation of organic substances which are not used as solvents (including 

composting and other biological transformation processes) 

R 4 Recycling/reclamation of metal sand metal compounds 

R 5 Recycling/reclamation of other inorganic materials 

R 6 Regeneration of acids or bases 

R 7 Recovery of components used for pollution abatement 

R 8 Recovery of components from catalysts 

R 9 Oil re-refining or other reuses of oil 

R 10 Land treatment resulting in benefit to agriculture or ecological improvement 

R 11 Use of wastes obtained from any of the operations numbered R 1 to R 10 

R 12 Exchange of wastes for submission to any of the operations numbered 

R 1 to R 11 

R 13 Storage of wastes pending any of the operations numbered R 1 to R 12(excluding temporary 

storage, pending collection, on the site where it is produced) 

 

 

 

 

 


