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Gener al |l nf or matil or

OnTol(Onine Tool for the Economic and Ecologic Evaluatiohasfdfill Mining is atool that allows

the user toassess the ecomic and environmental performance of landfill mining projecia
comparison to the reference case, where the landfill is not mined. In addition, the user has the
possibility to assess also tkeonomic impact of amtermediate usé of the landfill (forinstance as
parking lot, for solar panels or othagjior its mining

OnTolbuilds on existing mathematical models to determine the environmehghér et al. 2016nd
economic(Winterstetter, 2016 performance of landfill mining. As an example, tireicure of the

model for evaluating the climate impact of landfill mining for diverse modeupstand 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 indiré@missions (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 madslenprocessegsee Figure 1are considered
relevant for thematerial flows,costs anctlimate impact othe landfill miningproject:

A. Landfilf characteristics (waste compositiotandfill management landfill emissionsluring
time of mining;

B. Excavation, &ting and Upgradingof the waste (excavation, sorting and upgrading
technology, costs and energy demand of the technologies)

C. Thermal Utilizationof combustibles(thermal utilization technology, costs and energy
demand/production, operating resources)

D. Solid Residues Processwigncineration ashegtechnology for the processing of incineration
residues, costs and energy demand of the technology)

E. Material Recyclingf metals, minerals and plasti¢dimate impact of material recycling, prices
and quality aspects of recyclables)

F. Landfill® 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 amagement, emission and costs)

1 Time prior mining

2 Landfill, which is to be mined.

3 Transfer coefficients for the material excavated and sorted

4Recovery of metals and or minerals out of waste incineration ashes

S{dzoaSljdzSyitecd3ded SR a[F yRTFACL ¢
-3-
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Figurel Structure of the model to calculate tkeonomic andlimate impact of landfill mining illustrating physical flows

The input mask of OnToL is structured as foltows
For each of the seveprocesses

1 GENERAL DATA AND BANBOUT THE PHYSIG®KDEL(describing the material and waste
flows) are to be inserted subsequentiisummarized undeA-Material)

1 DATA ABOUT ENERGRANSPORT AND CONSW\UESdescribing the demand of energy
and consumhbles of each processes as wells as the transport of waste and thereof derived
residues and recyclablessubsequently summarizaghder B-Energy

1 GREENHOUSE GAS EMISSION @A3¢éibing the specific greenhouse gas emissions related
to the processes) subequently summarized undez-Climate

T ECONOMIC DAT@escribing economic costs and revenues of the different processes)
subsequently summarized undexEconomy
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Registaadi dmagi OnTolL

Inorder to use OnTqltegistrationof the userwith an emailaddress is requiredc(eate new
accoun).

L for the E

3 e AL =20 Da tandfill-mining.at

¥yinoOHmEag =

OnToL: Online Tool for the Economic and Ecologic Evaluation of Landfill Minir

Landfill Mining represents a potential strategy to mitigate environmental
Username 2Bz g BY. ¥

pollution and recover at the same time valuable materials and land.

Password The present tool allows evaluating Landfill Mining Projects with respect to

economics and climate impact. The user can specify the composition of the
Login landfilled waste, the technology applied to valorize the waste, treatment costs

as well as revenues achievable by the valorization of materials, land or landfill

space. The tool calculates the physical flows of different waste materials
associated with the mining project and the thereby induced substitution of

primary resources, costs and greenhouse gas emissions are assessed

Cookies

It you log onto this website, cookies are used to store your session ID, so that
the service can identify your requests

Inline with Article )f the ePrivacy Directive, consent is not required for
technical storage or access of cookies that are strictly necessary in order for
the provider of an information society service explicitly required by the user to
provide that service.

e OVAM m

n £ Zur Suche Text hier eingeben

I F4 SNJ Odate el Acgadrtithe registration window opes) where the user is requested to
typeinhiseY I A f | RRND & dregistert (1SyNI Y A AyvE HSy d thé 2
passwordor the login.

&« c o D& Tandfill-mining at; o OBl a

OnToL: Online Tool for the Economic and Ecologic Evaluation of Landfill Mining

Your password will be generated and mailed to your e-mail address.

E-Mail Address:
By registering, you agree to our terms of use.
Repeat E-Mail Address:

Register

... EEE ovam B

n R Zur Suche Text hier eingeben
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Subsequently mail address and the corresponding password are used to login.

I for the E

« c @ D& landfill-mining.at

en YN Ol a@ =

OnToL: Online Tool for the Economic and Ecologic Evaluation of Landfill Mining

Username johann.fellner@tuwien.ac.af
Password: scscsssscese
Login

new account - Re-s

u P Zur Suche Text hier eingeben

CEET Guan B9

Landfill Mining represents a potential strategy to mitigate environmental
pollution and recover at the same time valuable materials and land.

The present tool allows evaluating Landfill Mining Projects with respect to
economics and climate impact. The user can specify the composition of the
landfilled waste, the technology applied to valorize the waste, treatment costs
as well as revenues achievable by the valorization of materials, land or landfill
space. The tool calculates the physical flows of different waste materials
associated with the mining project and the thereby induced substitution of

primary , costs and gas are assessed.

Cookies

It you log onto this website, cookies are used to store your session ID, so that
the service can identify your requests

In line with Article 5(3 Directive, consent is not required for
technical storage or access of cookies that are strictly necessary in order for
the provider of an information society service explicitly required by the user to

provide that service.
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Creati on

of

new proj e

After login, the following page oper{see below)which allows the user to create new landfill mining
projects to be evaluatedoyy entering anew project nameand using the buttonCreatd. Besides the
creation of new projects, the user has the possibility to test one already existing project (ridived
¢ Test casg which describes the landfill mining project for a Municipal Stdte landfill containing

about 100,000 tons of waste.

By clicking on the project name (e.g. LENlest case, hame of the new created project), the project

can be alteredqseeDefinition of Projects in OnTot, page9).

In case all necessary data for tlaadfill miningproject havealreadybeen defined, the results of the
landfill mining evaluatiorfresults of OnTolgan be displayed by clicking the buttons HTML, XLSX or
JSONIf data B 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 evalwdtibe landfill mining
project (seeResults of OnTokpage58). XLSX and JSON give the same results in Excel format and in

JavaScript Object Notatipnespectively.

<« c o OF ] landfil-mining at PR

timo heimovaara —»

Project

LFM - Test case
[ -100% - Results: ' T, B XLsX, B
Durchsuchen... Keine Datei ausgewahit

D TEF ovan
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Renaming, Copylng, Export.i
Del etiPngjeftt s

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

Projects can also beopied (buttonCopy), deleted (buttonDelete), exported (button Exported and
imported (button Import). Copying projects allows the user to assess different scenarios for the same
projects, as all inputiata are copied to a new project, which can easily be altered.

00% - Results: [ HTML, [l XLsX, [§ JsoN
»

Durchsuchen...  Keine Datei ausgewéhit.
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Defit inomPPr of ec®rsTaln

In the following, the entry madior projects defined ifOnToL is explained in detdihe entry mask for
the project can be accesseg blicking on the project name given in the listlod projects(created by
the use).

OnToL: Online Tool for the Econon X [IETEITVENISEet X | @ json - Google-Suche s l=k — o

<« C @

landfill-mining.at/or

OnToL: Online Tool for the Economic and Ecologic Evaluation of Landfill Mining Projects (johann.fellner@tuwien.ac.at)

Project

iTML, I xLsx, B JsoN m
ECIED
Ex
i  exvort | capy | osee |
[;?-S:O?)r:-aksesuus & Hrme, BXLsX, BIsON m
Ly s R  expot | Gopy | oaee |

o oo v

n £ Zzur Suche Text hier eingeben Hi / AR 7 x DR ),,:,i,‘,?,m L

Besides the explanation of each input parameter, default values for the different parameter are
suggested (if reasonablélhis 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).
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A-Mat er

a l

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

OnTol

TEST AREA FOR JOHANN FELLNER

A—Material B—Energy

C—Climate

D—Economy

R

A—Landfill

GENERAL DATA AND PHYSICAL MODEL

A—Landfill

EwWl

upc speedtest

General Landfill Data

A—Excavation, Sorting, Upgrading

ACM

ccm

A—Thermal Utilization

A—Solid Residues Proc. Z % Z

A—Material Recycling

=

ROW

SR

oM

A—Landfill New

Value

Landfill size

90000

Landfill area

12000

Landfill tonnage

100000

Start of waste disposal

1987

End of waste disposal

1989

Landfill gas collection in place

yes - v|-

Leachate collection in place

yes - v|-

Annual precipitation

0.600

m/m2/yr

Share of leachate generation (before final cover installation) 01

m3/m?

Share of leachate generation (after final cover installation)

0.02

m3*/m?

Z {x DEU

11:03
-}

25.09.2019

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

02 JSNE

b Yy dz

LINBOALRGE GA2Y S

f SFOKIGS

I8y SNI 42

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

gas collection antkachate collection systefn

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 collectiosystem. All data are saved automatically.

Information about the leachate generation rate before final cover installafimd leachate/m3
precipitation] together with the annual precipitation rate [m? precipitation/mz2 landfill surfasajsed
to determinethe amount of leachat¢ms3/year] to be treated during the mining project, whereas the

8In most cases old landfill do have not a gas and leachatectioliesystem

-10-
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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 onbutton 2 in the right uppercorner (right next to A-Landfill)to enter dataon the landfillQ a
waste composition:

MF X Mass fraction of the given materigdg/kg wet matter] the sum of all MFs should be 1!

Please not that preferable for eachass fraction a value different than 0 should be inserted, even if the mass
fraction is not known or O (In case it is O, please use a very small value, such as 0.0001). Otherwise, calculation

errors (internal server error) could accur!

WatCX Water contentof the respective mass fractigkg H20/kg wet mattepf the respective fractidn
AshCX | a K Ofzhg réspettive mass fractiqky ashikg dry matter of the respective fraction]
CarcX® / F Nb2y O2yiGSyid 27 [ki&K weNdatebBdréspedhs fradfitina &

LHVX Lower heating value of the respective mass fracfladikg wet matter of the respective fraction]

OnTol X

<« cC @ ® & ht tol thp.io, t/test-area-jol Iner-t 90% - % ucher N M a @ =

TEST AREA FOR JOHANN FELLNER

A—Material B—Energy C—Climate D—Economy A—Landfill

GENERAL DATA AND PHYSICAL MODEL % "
Landfill Composition

at the time of landfill mining

A—Landfill z
1
| Calculate (overwrite) CarC from WatC+AshC
A—Excavation, Sorting, Upgradin §o2zsz3 -’
. g, Upg g X & X (] y Calculate (overwrite) LHV from WatC+AshC
Description MF WatC AshC CarC LHV
A—Thermal Utilization = o Soil material +fines 0.25 03 0.8 0.07 1.785
Paper 015 0.45 015 0.21505 6.9385
Plastics 015 0.05 01 0.64125 28.9475
A—Solid Residues Proc. § % £ % = Wood 0.03 04 01 0.2592 9.064
Textiles 0.03 03 0.05 0.3501 13.895
Stones & inerts 01 0.05 1 0 0
A—Material Recycling . 2833z Degradable organics 0.225 0.45 0.05 0.26125 9.87
N Fe metals 0.05 0.01 1 0 (]
Al 0.008 0.01 1 0 0
A—Landfill New Cu 0.005 o.01 1 0 0
v
a7 A | v | Alle hervorheben  GroB-/Kleinschreibung ~ Ganze Worter n 10 Ubereinstimmungen x
AR Zur Suche Text h b gi - 1624
ur Suche Text hier eingeben 0 7 4 A

-11-
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The following default values for the water and ash content of the different fractions are suggested, if

no detailed nformation from waste sampling and analysis is available

Water content

Ash content

WatC AshC

kg H20/g wet kg ash/kg wet

matter ID | matter ID
soil material + fines 0.3| awl 0.94| aal
paper 0.3| aw2 0.2| aa2
plastics 0.1| aws 0.1| aa3
wood 0.3| aw4d 0.05| aad
textiles 0.3| aws 0.1| aad
stones & inert 0.1| aw6 1| aa6
degradable organics 0.5 aw7 0.2| aa7
Fe metals 0.01| aws 1| aas8
Al 0.01| aw9 1| aa9
Cu 0.01| awlo 1| aalo
Hazardous 0.05| awll 0.9| aall

If there is no informationavailable orthe Carbon conten{CarC) and the lower heating value (LHV),

these data carbe calculatedusingthe buttonsda / I+ £ Odzt | (G S

G/ FfOdA GS 020SNBNRGSO

[1+ FTNRY

b

02OBSNBNRGSO /
2 |} {/

akK/ g

dick onbutton 3in the right uppercorner (right next to A-Landfill)to enter general data about the

mining project

Assesghe status of the projectfrom a very earlyproject planningphaseto high maturity of the

project

1 Preexploration phase(first idea about landfill mining concept, rough assessment of waste

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

yet)

1 Exploration phase(test excavations, sortingampling, (prefeasibility studief

1 Approval phasgfeasibility studies concluded, but not all required permitsaibed ye)
1 Mining phase(feasibility studies concluded, all permits obtained, excavation activities have

started).

Confidenceof knowledge orwaste composition:

1 very low(onlyroughestimaies about the composition exist)

-12-
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1 low (a few wate samples haveden analysed)
1 medium (asignificant number of wete samples has been analysed)
91 high(systematidest excavatios and sortinganalysishave been conducted)

Whole landfill is excavated'es/Ng Nois to beselectedlif onlya part of the landfill is excated. (THE
PRESENT VERStDENToL allows only the option, that all the waste is landfdledtion YES)

If the landfill isonly partiallyexcavated, then thehare of excavated landfilis to be specified. THE
PRESENT VERSt®ENToL allows only theption, that all the waste is landfillegishare equals 1)
Are parts ofthe excavated materia re-depositedonsite). Yes/No (THE PRESENT VERSToL
allowsno re-deposition of thavasteonsitec option NO)

If parts of the wasteare re-deposited ons$g, the density of the redeposited wasteas well as the
average height of the radeposited materials are to be defined, in order to evaludtew much landfill
area and space is gainédHE PRESENT VERSf@QNToL allowso redeposition of thevasteondte,
hence the density of the1deposited waste as well as the average height of théegosited materials
is irrelevany

Duration of the mining projecis to be specified in years.
Project driversare to be selected, thaser can select one out of fooptions

material recovery

material & land recovery
material & void space recovery
land recovery only.

= =4 —a A

If anintermediate use of the landfif6 S®3d & 2f | NJ LI ySt a3 gprioftRether Af f a3z
mining project should be evalualethe user has to specify this lsglectingYes

If an intermediate use of the landfivas selected the duration of the intermediate usehas to be
specified (in years).

Costs and revenues (seegBneral data) related to the intermediate use are assumed #rtst
GAYYSRAFGSt&é oO0AY GKS FANEG 288FNI2F 8@ fddk A2y 0d

7 Priorto mining, the landfill (areayill beused for another purposes(g.parking lot, park, installation of solar
panels)
-13
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OnTol X

<« c @ @ & htt ntol thp.io t hann-fellner-tmp 90% o O 1y S nom®MEae@ =

TEST AREA FOR JOHANN FELLNER

GENERAL DATA AND PHYSICAL MODEL

Data on the landfill mining project

A—Landfill & Descripti Vvalue Unit
A
‘ Status of the project pre-exploratic v |-
ot s A ‘ Confi in waste posi data low V|-
A ti i i 353 —
Excavation; Sorting, Upgrading 2 2z z 3 1 Whole landfill is excavated yes V|-
z
e
. Is excavated material re-deposited at the site no v|-
A—Thermal Utilization 3
, x o & Duration of the mining project 4 years
A—Solid ResiduesProc. = % Z % =
Project drivers material & lan v |-
Intermediate use of landfill before mining project no v
A—Material Recycling ! 38233
A—Landfill New ‘
v
a7 A | v | Alle hervorheben  GroB-/Kleinschreibung ~ Ganze Worter : timmungen X
R Zur Suche Text h b i ¢ o 638
ur Suche Text hier eingeben g = 7 ¢ 11085019

A - Excavation, Sorting and Upgrading

By selectingA ¢ Excavation, Sorting and Upgradings shownon the left of the pictureunder Ac
Landfill the user can specify the process#tgpsof the landfilledwaste afterexcavationlIn particular,
the transfer coefficients of the sorting and upgrading are to be specifiedydefine how the input
into the sorting plant is dividedhto the different outputstreans. The input into the sorting plant is
the excavatedvaste whilethe outputs of the plant are

[ 2 tnbustibles (waste which is sent for incineration)

C S FeXous metals separated and sent for recycling

b C SNoiferrous metals separated and sefor recycling

133 X | 35N, gravabBdisandlwhich are used for recycling in the construction sector)

FFT X 1TFTFNR2dzA YFGSNAFtE&a 6KAOK I NB aSyid F2N alLls

puf
(s}

wRh X wSaAiARdzS&a RA&aLBteSR 2F 0 I y20KSNJ fFyRTFACLT

wRw X w-8epositedizs the landfilsite which ismined (need tobe set to 0 for the current
version of OnTolL)

ttl X tfladroa asSyid FT2NJ NBO&OfAyST

14
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The transfer coefficients are to be defined for each waste fraction, such as SMF (soil material and fines),

paper, plasticsand so onThe user can select alpoedefined vales for different types of sorting
plants, i.e mobile plant, stationary plant and advanced stationary planWhile the former is
associated with lower efficiencies, the latter has the highest recovery efficieitieslifferent options

(mobile plant, stéonary plant and advanced stationary plaate also linked to different default costs

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

Characteristics of prdefined sorting plants

Separation steps Mobile plant Stationary plant Advancal stationary plant
Sieving(waste Simple sieves| Several sieving {§ Several sieving 8
screening) (e.g., trammel | subsequent  sorting subsequent sorting steps
screen steps

Sorting by sieves (and| Sieves,air separation| Sieves.air separation film
eventually for different grairs | grabber,sensor technology
manual sizes (and eventually (and eventually manug
separation) manual separation) | separation)

Separation of ferrous | One magnetid magnetic separator{ magnetic sepators for

metals separator for or two different| different grains sizes

grains sizes

Separation of non
ferrous metals

One eddy current
separator

eddy current separato
for or two different
grains sizes

eddy current separator fo
different grains sizes

Note: A transfer coefficient of 0.5 for Co and paperans, that 50% of the paper present in the excavated waste
is transferred to the combustiblé€o) 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 excavatedanattnsferred to the residues

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

By selectind\ ¢ Thermal Utilization asshown on the left of thepictureunder A¢ Excavation, Sorting,
Upgrading the user can specify theercentage of burnable materials in residugburnoutin kg/kg
and the proportion of hazardous solid residuhg &sh & APC residugin relation to the total amount
of solid residuesgenerated during thermal utilizatign The latter depends on the cométion
technology and the type of air pollution control APC.

In general, all waste/material directed to Combustibles Co (transfer coefficient tpdétined in A
Excavation, Sorting, Upgrading) is sent to Thermal Utilization. If the user would likeludeeaay
thermal utilization, the transfer coefficient to Combustibles Co should be set to 0!

Note: A default value for theercentage of burnable materials in residue$ 0 kg/kg is recommended (complete
combustion of the waste), and for thfeaction of fly ash and APC residues value of M5 kg/kg ash is
recommended for grate incinerators with wet APC system. For incineration plants with dry or g¢P@idiystems
the fraction of fly ash and APC residuasay amount up to @0 kg/kg ash

8 The proportion of fly ash and APC residues is in particular of interest for the disposal costs of the incineratio
residues
-16-








































































































































































