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General Information 

OnToL (Online Tool for the Economic and Ecologic Evaluation of Landfill Mining) is a tool that allows 

the user to assess the economic and environmental performance of landfill mining projects in 

comparison to the reference case, where the landfill is not mined. In addition, the user has the 

possibility to assess also the economic impact of an intermediate use0F

1 of the landfill (for instance as a 

parking lot, for solar panels or other) prior its mining. 

 

OnToL builds on existing mathematical models to determine the environmental (Laner et al. 2016) and 

economic (Winterstetter, 2016) performance of landfill mining. As an example, the structure of the 

model for evaluating the climate impact of landfill mining for diverse model set-ups and conditions is 

shown in Figure 1. In essence, the model keeps track of all the material flows out of the landfill and 

connects them to direct or indirect emissions (in the case of the economic model: to costs) and to 

avoided emissions due to useful outputs (in the case of the economic model: revenues due to material 

sales or savings due to avoided costs). In this model, seven processes (see Figure 1) are considered 

relevant for the material flows, costs and climate impact of the landfill mining project: 

A. Landfill1F

2 characteristics (waste composition, landfill management, landfill emissions during 

time of mining); 

B. Excavation, Sorting and Upgrading of the waste (excavation, sorting and upgrading 

technology2F

3, costs and energy demand of the technologies) 

C. Thermal Utilization of combustibles (thermal utilization technology, costs and energy 

demand/production, operating resources) 

D. Solid Residues Processing of incineration ashes (technology for the processing of incineration 

residues3F

4, costs and energy demand of the technology) 

E. Material Recycling of metals, minerals and plastics (climate impact of material recycling, prices 

and quality aspects of recyclables) 

F. Landfill4F

5 receiving waste/residues from the mining project (landfill management, landfill 

emissions, disposal costs) 

R. Reference case for landfill (describing the scenario where the landfill was not mined, including 

information about the long term landfill management, emission and costs)  

 

                                                           
1 Time prior mining 
2 Landfill, which is to be mined. 
3 Transfer coefficients for the material excavated and sorted 
4 Recovery of metals and or minerals out of waste incineration ashes 
5 {ǳōǎŜǉǳŜƴǘƭȅ ŎŀƭƭŜŘ ά[ŀƴŘŦƛƭƭ ς bŜǿέ 
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Figure 1 Structure of the model to calculate the economic and climate impact of landfill mining illustrating physical flows  

 

The input mask of OnToL is structured as follows: 

For each of the seven processes  

¶ GENERAL DATA AND DATA ABOUT THE PHYSICAL MODEL (describing the material and waste 

flows) are to be inserted -  subsequently summarized under A-Material)  

¶ DATA ABOUT ENERGY, TRANSPORT AND CONSUMABLES (describing the demand of energy 

and consumables of each processes as wells as the transport of waste and thereof derived 

residues and recyclables) ς subsequently summarized under B-Energy 

¶ GREENHOUSE GAS EMISSION DATA (describing the specific greenhouse gas emissions related 

to the processes) ς subsequently summarized under C-Climate 

¶ ECONOMIC DATA (describing economic costs and revenues of the different processes) ς 

subsequently summarized under D-Economy 
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Registration and Login at OnToL 

In order to use OnToL, registration of the user with an email address is required. (create new 

account).  

 

 

!ŦǘŜǊ ŎƭƛŎƪƛƴƎ αcreate new accountά the registration window opens, where the user is requested to 

type in his eƳŀƛƭ ŀŘŘǊŜǎǎΦ !ŦǘŜǊ ŎƭƛŎƪƛƴƎ άregisterέ ŀƴ ŜƳŀƛƭ ƛǎ ǎŜƴǘ ǘƻ ǘƘŜ ǳǎŜǊ ǿƘƛŎƘ Ŏƻƴǘŀƛƴǎ the 

password for the login.  
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Subsequently email address and the corresponding password are used to login.  
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Creation of new projects 

After login, the following page opens (see below), which allows the user to create new landfill mining 

projects to be evaluated (by entering a new project name and using the button Create). Besides the 

creation of new projects, the user has the possibility to test one already existing project (named LFM 

ς Test case), which describes the landfill mining project for a Municipal Solid Waste landfill containing 

about 100,000 tons of waste.  

By clicking on the project name (e.g. LFM ς Test case, name of the new created project), the project 

can be altered (see Definition of Projects in OnToL ς page 9).  

In case all necessary data for the landfill mining project have already been defined, the results of the 

landfill mining evaluation (results of OnToL) can be displayed by clicking the buttons HTML, XLSX or 

JSON. If data is missing, the buttons HTML, XLSX or JSON are not available for the respective project. 

For HTML, a new tab opens, which summarizes the results of the evaluation of the landfill mining 

project (see Results of OnToL - page 58). XLSX and JSON give the same results in Excel format and in 

JavaScript Object Notation, respectively. 
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Renaming, Copying, Exporting, Importing and 

Deleting of Projects 

 

By clicking the icon below the project name, the project can be renamed. 

Projects can also be copied (button Copy), deleted (button Delete), exported (button Exported) and 

imported (button Import). Copying projects allows the user to assess different scenarios for the same 

projects, as all input data are copied to a new project, which can easily be altered.  

For the import of projects, a file (*.json) needs to be selected. By exporting and importing OnToL files, 

it is possible to share projects among different users (the file format for exporting and importing is 

*.json).  
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Definition of Projects in OnToL 

In the following, the entry mask for projects defined in OnToL is explained in detail. The entry mask for 

the project can be accessed by clicking on the project name given in the list of the projects (created by 

the user). 

 

 

Besides the explanation of each input parameter, default values for the different parameter are 

suggested (if reasonable). This default values are given in light grey colour and should be overwritten 

by the user. 

In general, the current version of OnToL requires the specification of all input data, even if they are 

relevant for the landfill mining project to be evaluated (e.g. data about thermal utilization, even if no 

material is thermal utilized).  

  



          

 

-10- 
 

A-Material  

General data about the landfill mining project and all data defining the physical flows of wastes 

and related products are to be defined. 
 

A - General landfill data 

Button 1 

 

 

In a first step general landfill data (size, area, tonnage of landfill, disposal period, installation of landfill 

ŎƻǾŜǊΣ ŀƴƴǳŀƭ ǇǊŜŎƛǇƛǘŀǘƛƻƴΣ ƭŜŀŎƘŀǘŜ ƎŜƴŜǊŀǘƛƻƴ ǊŀǘŜΣ ǿŀǎǘŜ ŎƻƳǇƻǎƛǘƛƻƴΣ Χύ ŀǊŜ ǘƻ ōŜ ŘŜŦƛƴŜŘΦ 

Furthermore, it has to be specified whether the landfill (which is to be mined) is equipped with a landfill 

gas collection and leachate collection system5F

6.  

Information related to the leachate emissions (such as annual precipitation rate, or leachate 

generation prior and after final cover installation) can only be defined, if the landfill is equipped with 

a leachate collection system. All data are saved automatically.  

Information about the leachate generation rate before final cover installation [m³ leachate/m³ 

precipitation] together with the annual precipitation rate [m³ precipitation/m² landfill surface] is used 

to determine the amount of leachate [m³/year] to be treated during the mining project, whereas the 

                                                           
6 In most cases old landfill do have not a gas and leachate collection system  
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leachate generation rate after final cover installation is used for the reference case (case where the 

landfill is not mined and landfill is equipped with a final cover).  

 

Click on button 2 in the right upper corner (right next to A-Landfill) to enter data on the landfillΩǎ 

waste composition: 

MF Χ Mass fraction of the given material [kg/kg wet matter]  the sum of all MFs should be 1! 

Please not that preferable for each mass fraction a value different than 0 should be inserted, even if the mass 

fraction is not known or 0 (In case it is 0, please use a very small value, such as 0.0001). Otherwise, calculation 

errors (internal server error) could accur! 

WatC Χ Water content of the respective mass fraction [kg H2O/kg wet matter of the respective fraction] 

AshC Χ !ǎƘ ŎƻƴǘŜƴǘ of the respective mass fraction [kg ash/kg dry matter of the respective fraction] 

CarC ΧΦ /ŀǊōƻƴ ŎƻƴǘŜƴǘ ƻŦ ǘƘŜ ǊŜǎǇŜŎǘƛǾŜ Ƴŀǎǎ ŦǊŀŎǘƛƻƴ [kg C/kg wet matter of the respective fraction] 

LHV Χ Lower heating value of the respective mass fraction [MJ/kg wet matter of the respective fraction] 
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The following default values for the water and ash content of the different fractions are suggested, if 

no detailed information from waste sampling and analysis is available 

  Water content Ash content 

  WatC AshC 

  
kg H2O/g wet 
matter ID 

kg ash/kg wet 
matter ID 

soil material + fines 0.3 aw1 0.94 aa1 

paper 0.3 aw2 0.2 aa2 

plastics 0.1 aw3 0.1 aa3 

wood 0.3 aw4 0.05 aa4 

textiles 0.3 aw5 0.1 aa5 

stones & inert 0.1 aw6 1 aa6 

degradable organics 0.5 aw7 0.2 aa7 

Fe metals 0.01 aw8 1 aa8 

Al 0.01 aw9 1 aa9 

Cu  0.01 aw10 1 aa10 

Hazardous 0.05 aw11 0.9 aa11 

 

 

 

If there is no information available on the Carbon content (CarC) and the lower heating value (LHV), 

these data can be calculated using the buttons ά/ŀƭŎǳƭŀǘŜ όƻǾŜǊǿǊƛǘŜύ /ŀǊ/ ŦǊƻƳ ²ŀǘ/ Ҍ !ǎƘ/έ ƻǊ 

ά/ŀƭŎǳƭŀǘŜ όƻǾŜǊǿǊƛǘŜύ [I± ŦǊƻƳ ²ŀǘ/ Ҍ !ǎƘ/έ. 

 

Click on button 3 in the right upper corner (right next to A-Landfill) to enter general data about the 

mining project. 

Assess the status of the project, from a very early project planning phase to high maturity of the 

project:  

¶ Pre-exploration phase (first idea about landfill mining concept, rough assessment of waste 

composition based on historical data from landfill operation, no test excavations are available 

yet)  

¶ Exploration phase (test excavations, sorting, sampling, (pre-)feasibility studies) 

¶ Approval phase (feasibility studies concluded, but not all required permits obtained yet)  

¶ Mining phase (feasibility studies concluded, all permits obtained, excavation activities have 

started).  

Confidence of knowledge on waste composition:  

¶ very low (only rough estimates about the composition exist) 
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¶ low (a few waste samples have been analysed) 

¶ medium (a significant number of waste samples has been analysed) 

¶ high (systematic test excavations and sorting analysis have been conducted).  

 

Whole landfill is excavated: Yes/No, No is to be selected, if only a part of the landfill is excavated.  (THE 

PRESENT VERSION of OnToL allows only the option, that all the waste is landfilled ς option YES) 

If the landfill is only partially excavated, then the share of excavated landfill is to be specified. (THE 

PRESENT VERSION of OnToL allows only the option, that all the waste is landfilled ς share equals 1) 

Are parts of the excavated materials re-deposited onsite): Yes/No  (THE PRESENT VERSION of OnToL 

allows no re-deposition of the waste onsite ς option NO) 

If parts of the waste are re-deposited onsite, the density of the re-deposited waste as well as the 

average height of the re-deposited materials  are to be defined, in order to evaluate how much landfill 

area and space is gained (THE PRESENT VERSION of OnToL allows no re-deposition of the waste onsite, 

hence the density of the re-deposited waste as well as the average height of the re-deposited materials 

is irrelevant) 

 

Duration of the mining project is to be specified in years. 

Project drivers are to be selected, the user can select one out of four options: 

¶ material recovery 

¶ material & land recovery 

¶ material & void space recovery  

¶ land recovery only.  

 

If an intermediate use of the landfill6F

7 όŜΦƎΦ ǎƻƭŀǊ ǇŀƴŜƭǎΣ ǿƛƴŘ ƳƛƭƭǎΣ ǇŀǊƪƛƴƎ ƭƻǘΣ ǇŀǊƪΣ ΧΦύ prior to the 

mining project should be evaluated, the user has to specify this by selecting Yes. 

If an intermediate use of the landfill was selected, the duration of the intermediate use has to be 

specified (in years).  

Costs and revenues (see D-general data) related to the intermediate use are assumed to start 

άƛƳƳŜŘƛŀǘŜƭȅέ όƛƴ ǘƘŜ ŦƛǊǎǘ ȅŜŀǊ ƻŦ ŜǾŀƭǳŀǘƛƻƴύΦ 

 

                                                           
7 Prior to mining, the landfill (area) will be used for another purpose (e.g. parking lot, park, installation of solar 
panels) 
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A - Excavation, Sorting and Upgrading  

By selecting A ς Excavation, Sorting and Upgrading, as shown on the left of the picture under A ς 

Landfill, the user can specify the processing steps of the landfilled waste after excavation. In particular, 

the transfer coefficients of the sorting and upgrading are to be specified. They define how the input 

into the sorting plant is divided into the different output streams. The input into the sorting plant is 

the excavated waste, while the outputs of the plant are 

/ƻ Χ Combustibles (waste which is sent for incineration) 

CŜ Χ Ferrous metals separated and sent for recycling 

bCŜ Χ Non-ferrous metals separated and sent for recycling 

!ƎƎ Χ !ƎƎǊŜƎŀǘŜǎ όstones, gravel and sand, which are used for recycling in the construction sector) 

IŀȊ Χ IŀȊŀǊŘƻǳǎ ƳŀǘŜǊƛŀƭǎ ǿƘƛŎƘ ŀǊŜ ǎŜƴǘ ŦƻǊ ǎǇŜŎƛŀƭ ǘǊŜŀǘƳŜƴǘ 

wŘh Χ wŜǎƛŘǳŜǎ ŘƛǎǇƻǎŜŘ ƻŦ ŀǘ ŀƴƻǘƘŜǊ ƭŀƴŘŦƛƭƭ site 

wŘw  Χ wŜǎƛŘǳŜǎ ǊŜ-deposited at the landfill site which is mined (need to be set to 0 for the current 

version of OnToL) 

tƭŀ Χ tƭŀǎǘƛŎǎ ǎŜƴǘ ŦƻǊ ǊŜŎȅŎƭƛƴƎ 
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The transfer coefficients are to be defined for each waste fraction, such as SMF (soil material and fines), 

paper, plastics, and so on. The user can select also predefined values for different types of sorting 

plants, i.e. mobile plant, stationary plant and advanced stationary plant. While the former is 

associated with lower efficiencies, the latter has the highest recovery efficiencies. The different options 

(mobile plant, stationary plant and advanced stationary plant) are also linked to different default costs 

for the sorting (not implement in the current version!). 

Characteristics of pre-defined sorting plants: 

Separation steps Mobile plant Stationary plant Advanced stationary plant 

Sieving (waste 

screening) 

Simple sieves 

(e.g., trammel 

screen)  

Several sieving & 

subsequent sorting 

steps 

Several sieving & 

subsequent sorting steps 

Sorting by sieves (and 

eventually 

manual 

separation) 

Sieves, air separation 

for different grains 

sizes (and eventually 

manual separation) 

Sieves, air separation, film 

grabber, sensor technology 

(and eventually manual 

separation) 

Separation of ferrous 

metals  

One magnetic 

separator 

magnetic separators 

for or two different 

grains sizes 

magnetic separators for 

different grains sizes 

Separation of non-

ferrous metals 

One eddy current 

separator 

eddy current separator 

for or two different 

grains sizes 

eddy current separator for 

different grains sizes 

 

Note: A transfer coefficient of 0.5 for Co and paper means, that 50% of the paper present in the excavated waste 

is transferred to the combustibles (Co), which are sent for incineration. A transfer coefficient of 0.8 for SMF and 

RdO means that 80% of the soil materials and fines present in the excavated waste are transferred to the residues 

(RdO), which are disposed of at another landfill. 
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A -Thermal Utilization 

By selecting A ς Thermal Utilization, as shown on the left of the picture under A ς Excavation, Sorting, 

Upgrading, the user can specify the percentage of burnable materials in residues (burnout in kg/kg) 

and the proportion of hazardous solid residues (fly ash & APC residues)7F

8 in relation to the total amount 

of solid residues generated during thermal utilization). The latter depends on the combustion 

technology and the type of air pollution control APC.  

In general, all waste/material directed to Combustibles Co (transfer coefficient to Co ς defined in A-

Excavation, Sorting, Upgrading) is sent to Thermal Utilization. If the user would like to exclude any 

thermal utilization, the transfer coefficient to Combustibles Co should be set to 0! 

Note: A default value for the percentage of burnable materials in residues of 0 kg/kg is recommended (complete 

combustion of the waste), and for the fraction of fly ash and APC residues a value of 0.05 kg/kg ash is 

recommended for grate incinerators with wet APC system. For incineration plants with dry or semidry APC systems 

the fraction of fly ash and APC residues may amount up to 0.10 kg/kg ash.  

                                                           
8 The proportion of fly ash and APC residues is in particular of interest for the disposal costs of the incineration 
residues 
















































































































