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AN INTEGRATED MATERIALS
VALORISATION SCHEME FOR
ENHANCED LANDFILL MINING
Vo GervenT, Geyoer B, Requled, Cres ,
Merters G, Cies J, Ve Salen K Jooss FT; Glanpais 1t

Pollution, Waste ™
and Environmental ™
Disturbances

Services

Resources

Only 25 wt% of
what goes into
the pipe comes
out as goods
and services

(Source: World Resource Institute)

Can’t we do something with the other 75 wt%?
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Hrozi nam vyc€erpanie surovin ? Geo Soft Ing, ...
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Velkost overenych zasob prirodnych zdrojov je funkciou trznej ceny tohto zdroja
a prevladajucej technoldgie na jeho ziskanie.
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Doba kamenna neskoncila pre nedostatok kamena...
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Precious Metals
Refining

SJJrban Mining“— mehr als ein Modebegriff

Edmet Pracuklion =2 o S SIg " %)tl)cgl;i/?iu in PC Leiterplatten
ganlich furM = 300 g/t Au in Mobiltelefonen (0. Batt.)
= BN " =2000 g/t PGM in Autokat-Monolithen

&

Chnstian Hageluken, OGUT Wien, 11.10.2010

Critical raw materials for the EU 2010.
Ako sa uvadza v studii EK, jedna tona mobilov obsahuje zhruba 300 — 350 g zlata, 140 g platiny a paladia a asi 70 kg medi.
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nitp: ekolist cz/cz/zpravodajstviizpravy/elekirina-z-obnovitelnych-zdroju-pry-muze-do- 15-lat-prekonat-uhll

Elektrina z obnovitelnych zdroju pry muze do
15 let prekonat uhli

6.2015 01:57 | LONDYN (ETK)

http://ekolist.cz/cz/zpravodajstvi/zpravy/analyza-vetrne-energetiky-v-cr-vitr-muze-byt-sestkrat-levnejsi-nez-jadro

Analyza vétrné energetiky v CR: vitr mze byt
sestkrat levnéjsi nez jadro

31.3.2015 15:15 | PRAHA (Ekolist.cz)
Diskuse: 3

http://ekolist.cz/cz/zpravodajstvi/zpravy/instalovany-vykon-nemeckych-vetrnych-elektraren-na-mori-se-ztrojnasobil

Instalovany vykon némeckych vétrnych
elektraren na mofri se ztrojnasobil

21.7.2015 09:39 | FRANKFURT (CTK)
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Vitr ma potencial pokryt polovinu svéetové
spotreby energie v roce 2030

Energie vétru by mohla uspokojit az polovinu svétové poptavky po elektriné v
roce 2030. Pritom na jeji pokryti staci instalace ¢tyi milionu turbin, které by
mely vykon 7,5 TW. Tvrdi to spole€na studie americkych védcul z univerzit v
Delawere a Stanfordu, ktera vypocitala celkovy potencial vétrné energie v
planetarnim meéritku.

1,5 MW veterna turbina vyzaduje asi 350 kg prvkov vzacnych zemin (REE)
Na 7,5 TW potrebujeme cca 1 750 000 ton REE !

Sucasna celosvetova ro¢na tazba je cca 124 000 ton
t.j. 14 rokov tazby...

Podle Archerové a Jacobsona by instalace
¢ty miliona turbin méla mit vykon az 7,5 TW, 3
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CURCOTAN PARLIAMENT

DIRECTORATE GENERAL FOR INTERNAL POLICIES
DIRECTORATE G: IMPACT ASSESSMENT
SCIENCE AND TECHNOLOGY OPTIONS ASSESSMENT

Future Metal Demand from Photovoltaic Cells

and Wind Turbines

Investigating the Potential Risk of Disabling a Shift to
Renewable Energy Systems

Contents lists available at ScienceDirect

Applied Energy

S L B

El.SEVIER journal homepage: www.elsevier.com/locate/apenergy

Critical and precious materials consumption and requirement in wind @Cmss}m
energy system in the EU 27

Junbeum Kim *°, Bertrand Guillaume?, Jinwook Chung “*, Yongwoo Hwang “

*CREIDD Research Centre on Environmental Studies & Sustainability, Department of Humanity, Environment & Information Technology, University of Technology of Troyes, France
" Department of Geoecology and Geochemistry, Institute of Natural Resources, Tomsk Polytechnic University, Russia

“R&D Center, Samsung Engineering Co., Ltd., Suwon, South Korea

d Department of Environmental Engineering, Inha University, Incheon, South Korea
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Projekt obri solarni elektrarny Desertec kon¢i,
opustila jej vétsSina clenu ram—.

15.10.2014 10:10 | BERLIN (CTK)

danové reformy

9.3.2015 07:46 | BERN (CTK)

Britska vlada zrusi subvence vétrnym
elektrarnam na pevniné

18.6.2015 13:26 | LONDYN (CTK)
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EK analyzovala 41 mineralov a kovov -14 zZ nich je pre EU kritickych:

antimon, berylium, fluorit, galium, germanium, grafit, indium, kobalt, Pt skupina, vzacne zeminy = REE, magnézium, niob, tantal a wolfram

5.0
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5 A Low economic importance / low supply risk
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Figure 3: Economic importance and supply risk of 41 minerals and materials,
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Element or Symb Leading Element or Leading
element group ol Risk producer element group Symbol Risk producer
antimony Sb China cadmium Cd 5,5 China
platinum group elements  PGE South Africa |lithium Li 55 Australia
mercury Hg China calcium Ca 55 China
tungsten w China phosphorous P 5,0 China
rare earth elements REE barium Ba 5,0 China
niobium Nb boron B 4.5 Turkey
strontium Sr zirconium Zr 45 Australia
bismuth Bi vanadium \Y 45 Russia
thorium Th lead Pb 45 China
bromine Br potassium K 45 Canada
carbon (graphite) C . | Chi gallium Ga 45 China
rhenium REE 6,5 Chile flourine F 45 China
iodine | 6,5 Chile copper Cu 45 Chile
indium In 6,5 China selenium Se 45 Japan
germanium Ge 6,5 China carbon (coal) C 4.5 China
beryllium Be 6,5 USA zinc Zn China
molybdenum Mo 6,5 Mexico uranium U Kazakhstan
helium He 6,5 USA nickel Ni Russia
tin Sn 6,0 China chlorine Cl China
arsenic As 6,0 China sodium Na China
silver Ag 6,0 Peru carbn (diamonds) C Russia
tantalum Ta 6,0 Rwanda sulphur S China
manganese Mn 55 China iron Fe China
magnesium Mg 5,5 China chromium Cr Canada
cobalt Co 55 DRC aluminium Al Australia
gold Au 5,5 China titanium Ti Australia

: Index rizika pre kovy a prvky z hladiska ich strategického vyznamu (zdroj Ohrlund, 2011)

12



Spiace suroviny“ v elektronike.
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Anthropogenic Metabolism and Environmental Legacies

Paul H Brunner and Helmut Rechberger

World Mine Demand from | Electronics sector
Production, |Electronics Sector] demand/mine
Metal 2007 (t/yr) (t/yr) production

Silver Ag 20,000 6,000 30%
Gold Au 2,500 250 10%
Palladium |Pd 215 32 15%
Platinum Pt 220 13 6%
Ruthenium [Ru 30 6 20%
Copper Cu 16,000,000 4,500,000 28%
Tin Sn 275,000 90,000 33%
Antimony |Sb 130,000 65,000 50%
Cobalt Co 58,000 11,000 19%
Bismuth Bi 5,600 900 16%
Selenium |Se 1,400 240 17%
Indium In 480 380 79%

Source: Christian Hageluken, Umicore Precious Metals Refining,
presentation at the Basel Convention, Geneva Switzerland, 7 Sept. 2007.
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Future Metal Demand from Photovoltaic Cells EKOLOGICKE SLUZBY
and Wind Turbines

Investigating the Potential Risk of Disabling a Shift to
Renewable Energy Systems

FINAL REPORT

*Masové nasadenie fotovoltaickych ¢lankov a veternych turbin s permanentnymi magnetmi bude mat vazny vplyv na dopyt
po 6smich vyznamnych prvkoch: - galium, indium, selén, telur, dysprosium, neodym, prazeodymu a terbium.

*Sucasna miera recyklacie tychto 8 vyznamnych prvkov je mensia ako 1 percento !
*Moznosti substitucnej nahrady inymi prvkami su pre tieto 8 vyznamnych prvkov velmi obmedzené.

*Recyklacia nebude schopna kompenzovat Ziadnu vyznamnu Cast dodavok tychto surovin potrebnych pre masové nasadenie
fotovoltaickych ¢lankov a veternych turbin az do roku 2030. Zvy3Seny dopyt po tychto prvkoch bude musiet byt splneny
tazbou primarnych surovin.

*Environmentalne rizika a vplyvy spojené s tazbou tychto prvkov, ich spracovanie a rafinacie budu narastat. Rastuci dopyt po
tychto prvkoch bude mat nevyhnutne environmentalne a socialne dopady vratane vyznamného prispievania k dalSej zmene
klimy. OCakava sa, Ze vyznamné porastu ekologicke rizika vzhfadom na to, ze horuckovité otvaranie novych lozisk na
uspokojenie dopytu bude najma v rozvojovych krajinach s niZzsimi ekologickymi Standardmi
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Contents lists available at ScienceDirect

Applied Energy

. ; 160.00
journal homepage: www.elsevier.com/locate/apenergy
Critical and precious materials consumption and requirement in wind @Cmm"k
energy system in the EU 27
Junbeum Kim *°, Bertrand Guillaume?, Jinwook Chung“*, Yongwoo Hwang* 120.00
- ” i partment of Humariy, Environment & Information Technology, Univesiy of Technology of Tryes, France
®Department of Geoecology and Geochemistry, urces, Tomsk Polytechnic University, Russia
“RE&D Center, Samsung Engineering Co., Ltd.,
“Department of Environmental Engineering. Inha University, Incheon, South Korea 100.00 -
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Table 5
Other critical and valuable materials consumption in 2009 and future requirement by
2020 in the EU 27 wind energy systems.

Critical and valuable materials 2009 2020
(ton) (ton)
Cobalt, in ground 340 1155
Gallium, 0.014% in bauxite, in ground 0.1 03
Gold, in ore, in ground 88.0 281.0
Indium, 0.005% in sulfide, In 0.003%, Pb, Zn, Ag, Cd, in 2004 540.7
ground
Magnesium, 0.13% in water 2551 762.6
Pd, in ore, in ground 12.7 40.6
Pt, in ore, in ground 14 42
Rh, in ore, in ground 04 13
Rhenium, in crude ore, in ground 0.1 03
Silver, in ore, in ground 256.7 699.3
Tantalum, 81.9% in tantalite, 1.6E—4% in crude ore, in 915 2493
ground

Tellurium, 0.5 ppm in sulfide, Te 0.2 ppm, Cu and Ag, in 126 344
crude ore, in ground 15
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Future Metal Demand from Photovoltaic Cells
and Wind Turbines

Investigating the Potential Risk of Disabling a Shift to
Renewable Energy Systems

FINAL REPORT
- 350,000
g : Other
§ 300,000+ Ceramics
] Phosphors

w . == Glass Additives
W 200.000+ Polishing Compounds
o Petroleum Refining
§ 150,000 - | Autocatalysts
S 100.000 Metal Alloys
= Battery Alloys

50,000 Magnets

T T T T 1
2010 2015 2020 2025 2030 2035
Year

Zdroj :. Alonso et al, 2012
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Future Metal Demand from Photovoltaic Cells EKOLOGICKE SLUZBY
and Wind Turbines

Investigating the Potential Risk of Disabling a Shift to
Renewable Energy Systems

FINAL REPORT

sti¢asné svetové
spotreba ro¢na svetova tazbal| sp/r.t. i sp/s.z.
prvok znacka P P/ zasoby’ P/
(t) (t) (%) (t) (%)
120 000 0,10% 7 200 000 0,002%
Kobalt Co 115
110 000 0,10% 7 500 000 0,002%
770 70%
Indium In 540,7
670 81% 12 400 4,4%
211 19% 66 000 0,062%
Paladium Pd 40,6
222 18%
590 42% 100 000 0,25%
Tantal Tn 249
765 33% 150 000 0,17%
Telur Te 344
80 43% 24 000 0,14%
6 700 000 1,14% 240 000 000 0,03%
Fluorit CaF, 76 052
6 850 000 1,11% 240 000 000 0,03%
REE REE 23 237
110 000 21% 10 000 000 0,23%

17
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Number of Old Landfills and Dumps

Landfills in the EU/UK = Sweden: 6,000 (landfill= deponi)

m Baltic Sea Region: 75,000 - 100,000
Some Numbers:

ISO,QOO !_on(.jfills in Europe = Europe: 350,000-500,000 (Sulfanet
22,000 historical in England/Wales 150,000)
2000+ EA/SEPA registered in UK

445 still ‘Operational’ by 2010
P Y = The World: 10 000 000- 15 000 00072227?
Mike SUMMERSGILL William Hogland, Marika Hogland,
President 2013/14, CIWEM Marcia Marques

The Chartered Institution of Water
and Environmental Moncgement

ENHANCED LANDFILL MINING:
MATERIAL RECOVERY, ENERGY
UTILISATION AND ECONOMICS IN
THE EU (DIRECTIVE)

PERSPECTIVE
18



Buducnost’ skladkovania ?
(podra ECS Inc. 2006)

hedule of Operations
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The sustainable landfill revisited

Geosynthetics | April 2012

By Donald E. Hullings and Hal S. Boudreau III
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2. Histéria a terminolégia.

,Proces extrakcie materialov alebo inych
zloziek zo skladky, kde boli predtym
ulozené ako odpad.“ (krook, 2012)

> dodatoéné materialové alebo energetické vyuzitie odpadu

> znizenie alebo vyluéenie rizika zne€istenia zo skladky

» vyuzitie tzemia pre d'alSie ucely

Landfill reclamation or Landfill Mining (LFM) is a less known solid waste management method. As its

name suggests, LFM can be defined 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,

i. Potential for recovery of energy (waste 10 energy concept - WiE) and materials; (waste to

energy concept - WiE)

i, Efficient land reclamation;
i, Soil decontumination and proper removal of extraction waste;
v Parallel benefits related to rehabilitation (e.g. nuisance combating through eflicient

rehabilitation)
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LANDFILL MINING — A CONTRIBUTION TO
CONSERVATION OF NATURAL RESOURCES? il Technische

Universitat
& Braunschweig

Sebastian Wanka, Klaus Fricke, Kai Mlnnich, Anton Zeiner

Protection  Climate Lifetime Recycling Resource
of waters protection extension of land area  extraction
of landfill

e N,
P .
o
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Journal of Cleaner Production

|oarnal homepege www slsevier com/locate/|clepro

Review
Enhanced Landfill Mining in view of multiple resource recovery: a critical review

Peter Tom Jones** . Dancel Geysen*®, Yves Ticlemans ®*, Steven Van Passel ™, Yiannis Pontikes **,
Bart Blanpain*, Micke Quaghebeur ™, Nanne Hoekstra'

Concentrates
. Metals, Intermediate
Primary Ores BIm; materials ( Products )
Residues & and alloys
Recyclates
&=
5 3
| Residues/Scrap ge
Enhanced Direct g
Landﬂ" Recyc"ng o
Mining
Landfills (MSW, | End-of-Life products/residues
MWS/IW, IW) i o s
Urban Mining 2
Inevitable losses due to 2nd law of Thermodynamics

Rézne cesty (1-2-3) ,uzavretia slucky” tzv. CIRCULAR ECONOMY.
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In situ Recovery of Resources from Waste EKOLOGICKE SLUZBY
Repositories
CARDIFF T
Dr Devin S Dr Peter Cleall, Dr Michael H D R AL . University of the 1% UNIVERSITY 0
r Devin Sapsford, Dr Peter Cleall, Dr Michael Harbottle, Dr £ ENVIRONMENT West of England VWA W/ICK
Talib Mahdi, Prof Andy Weightman, Prof Katie Williams, Dr RESEARCH COUNCIL : BRISTOL

Danielle Sinnett, Prof Tim Bugg, Dr Andy Clarke, Dr Stefan Bon

NERC workshop, 24-07-14

> MSW and Industrial
Landfill

rﬂasti“ m

Nutrients

> Metallurgical Wastes

> Mining Wastes

> Incinerator ash

> etc

MEDIA RESOURCES

Work Packages

WP2 - Biotechnological enhancement of lignocellulose degradation for enhanced methane
production and metals recovery (led by Warwick, supported by Cardiff)

WP4 - Techno-environmental comparison of environmental and societal impacts of
repository and conventional mining methods (led by UWE, supported by Cardiff)

23
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Mining of a

Maine Landfill

Travis Wagner, Ph,D.
Department of Environmental Science
University of Southern Maine

Evolution of landfill mining in US

.
.
ot
.
.
a®
.
.

2020s

2010s REE
Recovery?
19905 Material

GW Recovery
Late Protection
1980s
Early Remediation

1980s
Extend Life
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3. Environmentalne - rizika

Department of Environmental Quality,

Landfill Mining and Offce of Waste Management and
Reclamation in Michigan - otection
Typicke rizika z LM:
«Zapach pri otvarke a tazbe odpadu
Uniky priesakovej kvapaliny

*Nezname nebezpecné odpady

*Poziar a vybuch skladkovych plynov
*Hygienickeé rizika

*Pracovné urazy na strojoch a zariadeniach



5. Ekonomickeé suvislosti LM.

Geo Soft lng, s.r.0.
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220 telecom

e Pb cable

180
160
2.140
2120
§ 1 power sewer
= cable pipes
S 80
3 60 water pipes
Q X ¢
= 40 inhouse market price

S GERD Gees e Gt (Emn S D T Gaas Daas Gl f=——a ]
20 lead accumulators
0
0 5000 10000 15000 20000 25000 30000 35000 KONDICIE = vyhodna trhova cena
Available stock [tons]
Prof. Dr. Paul H. Brunner Element i
paul.h.brunner@tuwien.ac.at (Wt unit) concentration in

concentration in
waste

for some elements |
we're already here \

. waste mining
5 / becomes economical

Van Gerven et al.

Time 26
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5. Ekonomické suvislosti LM.

« velkost’ skladky

» charakter a vlastnosti ulozeného odpadu
 podiel nebezpeénych alebo nevhodnych odpadov
» cena a dopyt po recyklovanych odpadoch

» cena a dopyt po energii z odpadov

» prevadzkové naklady na tazbu
* hodnota vol'ného objemu skladky po t'azbe
» naklady na rekultivaciu a naslednu starostlivost’

* cena pozemkov a krajiny

27
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6. Technologické moznosti.

Ot Landfa| Sorting Operation

Matorial Recovery Energy Recovory Soll Recovery

Sourcs - Carlus el al, 1999 28
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Landfill Mining

2013 \
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Technologické moznosti LM
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Dakujem za Vasu pozornost

Ing. Marek Hrabcak,
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