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Conference Programme

Thursday, 24 September 2015

09.30-10.00  Registration
10:00-10:15 Conference Opening
10:15-10:30  LIFE Reclaim: A Landfill Mining case study in Greece
Z. Gaitanarou (ENVECO S.A))
10:30-12:15  Session 1: LANDFILL MINING: SOCIAL AND POLICY ISSUES
Chair: S. Papagrigoriou (LIFE-Reclaim Coordinator) = Co-Chair: F. Giro i Fontanals
First experiences on Landfill Mining in Catalonia
F. Gir6 i Fontanals, M. Madorell i Arboli (Spain)
Introducing ecosystem services into LFM impact assessment
G. Tentes, D. Damigos (Greece)
What do people believe about landfill mining?
D. Damigos, G. Diamantoulakis, V. Chorinos, M. Menegaki, D. Kaliampakos (Greece)
Development of a landfill mining policy in Flanders (Belgium)
E. Wille (Belgium)
Local community participation in technological complex enhanced landfill
mining projects
M. Ballard (Belgium)
Discussion
12:15-12:45 Coffee break
12:45-14:15  Session 2: RESTORATION OF LANDFILLS AND CONTAMINATED SITES
Chair: E. Wille « Co-Chair: D. Kaliampakos
History of dump sites in Greece: Integrated tools and methods for their
registration
G. Perkoulidis, A. Malamakis, T. Tsatsarelis, I. Antonopoulos, N. Moussiopoulos (Greece)
Phytomining of heavy metals. Future perspectives
C. Tsadilas (Greece)
Reliable rehabilitation of uncontrolled dump sites
K. Hadjibiros (Greece)
Mechanisms of stabilization/immobilization of heavy metals in the
geoenvironment
D. Dermatas (Greece)
Discussion
14:15-15:30  Lunch
15:30-17:00  Session 3: NEW PERSPECTIVES IN WASTE POLICY
Chair: M. Ballard = Co-Chair: M. Menegaki
From Brownfield to Brightfield. Revitalizing and re-powering derelict land in Flanders
E. Wille (Belgium)
Interconnectivity and the future of waste management
A. Mavropoulos (Greece)
The Zero Waste Concept towards integrated waste management
M. Loizidou (Greece)
Development of a Household Waste Recycling Centre Network in Cyprus
A.l. lacovides (Cyprus)
Discussion
Friday, 25 September 2015
09:30-11:15  Session 4: RECOVERY OF RESOURCES FROM MUNICIPAL SOLID WASTE

Chair: T. Wolfsberger « Co-Chair: G. Perkoulidis

Waste management in the Municipality of Polygyros. Current situation and recycling projects
G. Diamantoulakis (Greece)

Treatment technologies and recovery of resources from waste in the UK

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy
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S. Ford, K. Warren, A. Read (United Kingdom)
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A. Andreadakis (Greece)

Landfill Mining in Polygyros site. Results and discussion

V. Andrea, Z. Gaitanarou, E.N. Makrykosta, S. Sofianos, S. Stasinos, N. Tsigkas (Greece)
Recycling packaging materials

I. Razis (Greece)

Discussion

11:15-11:45 Coffee break

11:45-13:30  Session 5: LANDFILL MINING: TECHNICAL, ECONOMIC AND ENVIRONMENTAL ISSUES
Chair: S. Ford = Co-Chair: A. Andreadakis
Environmental monitoring of the Polygyros Landfill Mining Scheme
A. Benardos, M. Menegaki, D. Damigos, D. Kaliampakos (Greece)
Quality and recovery of specific waste fractions from Landfill Mining for material and energy recovery
T. Wolfsberger, R. Sarc, R. Pomberger (Austria)
Operation of the pilot demonstration landfill mining unit
D. Choidas (Greece)
Local community involvement in complex technological projects: Challenges for long term planning and
dealing with uncertainty
K. Sips, M. Craps (Belgium)
Landfill mining potential in Spain and review of preliminary experiences
I. Puig-Ventosa, M. Calaf-Forn (Spain)
Discussion

13:30-14:45 Lunch

14:45-16:30  Session 6: NEW TECHNOLOGIES IN WASTE MANAGEMENT
Chair: I. Puig-Ventosa = Co-Chair: A. Benardos
Uncontrolled industrial waste disposal in landfills: Case study in Attica Prefecture
L. Chalarakis, A. Korkolis, S. Kavouri (Greece)
Intelligent energy production from Greek industrial/municipal solid waste and potentially landfill mining:
Computational fluid dynamics for an industrial unit Bubbling Fluidized Bed (BFB) — Boiler/gasifier
G. Pantazis, P. Glinos, Ph. Adamopoulou, A. Rydén, G. Taralas, A.A. Zabaniotou (Greece)
Using ICT tools for achieving efficient and sustainable waste management, enabling GHG emissions reduction
- The example of Life EWAS
A. Anthouli, I. Koukosia, M. Skarvelakis, M. Jofra Sora, |. Garcia Vega (Greece-Spain)
Recycling electrical and electronic equipment in Greece
A. Fafoutis (Greece)
Discussion

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy
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LIFE RECLAIM: A LANDFILL MINING CASE STUDY IN GREECE

* Zoi Gaitanarou

Project code: LIFE12El

|
The Project
: Project Title:
il minir
I GC g I I ' Project Location:
e ke Beneficiaries: EMNY
. q
Start- End:

Budget: €]

! Municipality

| of Polygyros | Mining &

)
Metallurgical
= Engineering

reclaim | The Project

LandFill Mining definition {generic }: =3 ncreasing interest in municipal solld waste (M3W) valordsation
The Project Yok i
“the extraction of resources from landfills” ; >> growing inquisitiveness on the fate of existing landfills
= Definition varies according to: FETECY AT | s abandoned landfills 2 dumpsite
Who (i . g fer e 2y
== concelved as unintentional storage for raw and soll materal

== countries like Greece still continue to bury more than f thelr MSW

space, land. soll, raw materdals |d‘n‘uela|s.energy content
that RECLAIM s mature

Sl Municipality
I of Polygyros

suszs m, NTUA
==l Municipality @4\ s Scheol of
~22ll of Polygyros I\{\: i | Mining &

4= Engineering

Engineering

LFM applications around the World

reclaim | preliminary Actions

Action Al: Investigation of LFM state-of-play in the EU

« Literature review

+ Waste legislation review

* LFM types and techniques
* Worldwide LFM mapping

» Stakeholder meelings |fei;
+ National meelings (¢

Resuli:

NTUA
“J : 3 3 5 =
BENVECOs:  gHELECTOR [ Mocanty i [ENVECOs: duELECTOR LUy @Rt
Engineering =" Engineering

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

Permifting of LFM activity in Polygyros LF

= Municipality
Sl of Polygyros.
Engineering

rocinm

reclaim
L

Filot Unit

Filot Unit

Landfill Inventory

ACTIONB reating a landfill inventory t re the LFM

potential of Greece and selected EU countries

Flanders Catalonia

Cyprus

Netherlands
o fr f questionnalre
national autherities

studies

over 22,000 landfill sites were recorded

NTUA

, School of

|| Mining &

/ Metallurgical
Engineering

| Municipality
i of Polygyros

Pilot Demonstration Unit
C -

tation Plan development

ACTION B2: Ex
. pt f technologles & methods

f target areas
scheme
- Enwvironmental Monitering
freatment process

review

« Design of the Pilot Demonstration Unit

o NTUA

BENVECOs: dueLecToR [iivmiay f@.i:ﬁw‘;‘w

=5 Engineering

Pilot Demonstration Unit

ACTION B4: Sub-contfracting procedures for Demenstration Unit

ACTION BS: Pilot-scale Demonstration Unit installation
roles and responsibilities
* Preparation

installation of machinery

day-te-day activities
1t record

Manitering equipment

= Municipality
Sl of Polygyros.

A HELECTOR

Enginaering
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Pilot De_monsirafion Unit

W mining. Operation and Testing of the Pilot

n Unit
1 May - July 2015
tion of i i excavators o

weighting of

« ATrommel sieve
- Hand-sorling

* Magnetic
« Oiher fe r=s: Washing Machine, Storage of wioste

. | l i more than 1200c.m. ( ~ 580in)
- Beneficiation |

reclaim | pjlot Demonstration Unit

ACTION B7: Environment Rehabilitation Plan
+ literature : 2
. =k f alternatives f
L] prment of teels t

3D model 1
Manual

ACTION B?: Financial and $ economic Analysis

. - T it of = fonnaire

local 286 local residents

- National 392 Greek households
tool

+ Sociceconomic

% NTUA
=t Municipality  (4d S School of
AHeLecTOR [ ticeiy ’@':‘STMW
=" Engineering

Environmental Indicators Social Indicators

Waste minimization Economic

ACTION B8: National Action Plan

Material resources Socioeconomic
Soil degradation Social
Climate change
otk | e e I e ] b SR Energy resources
Ll ON B10: Strate Environmental Assessment Study Water resources

Human health

Land use

v ——— TUA
RENVECOs: drHeLecTor [Eiumcey @fimm:  PFENVECOs:
o —21 Eﬂ;lr::il‘iI:; AT &

AHELECTOR =S municipality

il of Polygyros

Enginaering
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reclam | Communication Actions reclalll | Communication Actions

- f

2nd National LFM Conference

(Athens April

life@reclaim.gr

Communicalion | = 1% Mo Communicalion

Reclaim Forum: Join

of Polygyros of Polygyros

J=E= M Municipality chor “ VECOsa. AHELECTOR [ fMunicipality

Engineering

reclaim

Next Steps
w of the Project

Rehabilitation manual fo

Financial and Secioeconomic c

National Action Plan =

ind Dissemination
HNextSteps

o NTUA

el Municipality = municipality (A i &
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Engineering . Engineering
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of Polygyros

Engineering
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INTRODUCING ECOSYSTEM SERVICES INTO LFM IMPACT ASSESSMENT

F. Gird i Fontanals, M. Madorell i Arboli

rsoe ri Agincia do CONTENT
k4 ..!.. ' Catalunya

+ GENERAL DATA ON CATALONIA
+ WASTE AGENCY OF CATALONIA

LANDFILL MINING CONFERENCE e

Athens, Greece
September 24-25, 2015 + CURRENT SITUATION OF CLASS Il LANDFILLS IN
CATALONIA (2015)
+ CATALAN WASTE MANAGEMENT MODEL
+ WASTE MANAGEMENT TOOLS

+ LANDFILL MINING
— LANDFILL MINING. CASE 1. The landfill in Berga

_ Francesc Giro, Depuly Diecior, Wasle Agency of Catdlonia — LANDFILL MINING. CASE 2. The landiill in Clariana de Cardener
Marti Madorell, Head of Disposal Department, Waste Agency of Catalonia

Agéncia de
Residus de
L Catalunya

Athens 2015 International

Session 1. LANDFILL MINING: SOCIAL & POLICY ISSUES
First experiences on
Landfill Mining in Catalonia

o

|| Generalitat i

|| Generalitat
¥ de Catalunya i

¥ de Catalunya

Catalunya Catalunya

|:i A%lade  GENERAL DATA ON CATALONIA |:i A%iade  WASTE AGENCY OF CATALONIA

- -:3"1', = I
£ A R ' .~ ,- \
5 0 . o
e — [~ Catalo
- g T —it—, =
> er . =
T A ! e e ,
ﬁl‘“ T e Municipal Waste

- e ganal T
v B!
. :
i m’ﬂ- o " - Surface: 32,000 km?

; g Tl o - Population: 7,500,000 inhab.

] ey ~ Industrial Waste
— Construction waste and debris

~ Waste from agriculture and

& - ? livestock

_d}"_ g — e - Municipalities: 948

A = ; = : — Sanitary waste and
) . - - Regions: 43 small regions ~ Soll recovery

; - GDP per inhab.: 27,236 € = — =
] (Y W@ - Unemployment: 19.7% ) www.residus.gencat.cat
D https://twitter.com/residuscat

1"/! E:ré&;;lli:‘at | E:'ée;:;l[laant A B https://www.facebook.com/residuscat
} nya B v https://www.youtube.com/user/residuscat

Catalunya

Catalunya

|:i A%nade  WASTE AGENCY OF CATALONIA |:i A%clade 25 YEARS AGO IN CATALONIA...

Upto 1991: View:
- Collection of MSW (in mass. mixed MSW) - Waste as a hygienic & health
= Absence of treatment technologies problem

- Waste were thrown in uncontrolled landfills,
which were it were covered or bumed
- Mear to 2,000 uncontrolled landfills |

T e —— e

Distribution by age

B Bt Profile 197 persons

p . = Directives: 28

20— & 8§ - = Technicians: 120
130 g3 oom B NN RN a2 - Administrative:49

<30 30t0 3510 400 45t S0t S5i0 =60
yean 9 44 49 54 6O years

Generalitat Generalitat
Wll¥ de Catalunya Hll¥ de Catalunya
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Acenciade CURRENT SITUATION OF CLASS I
ﬁ &iisge  LANDFILLS IN CATALONIA (2015)

...... .

CURRENT SITUATION OF CLASS I
LANDFILLS IN CATALONIA (2015)

Agéncia de
Residus de
Catalunya

...... .

Controlled Landfills in Catalonia

- With Environmental Permission

- Fulfilling the technical requirements in accordance with the

Landfill Directive and Catalan legislation

- control entrance
- registration of waste
- waterproofing
- sealing
- collection & treatment of leachate

- collection & treatment of gases
- post-closing management (30 years]™

||||| Generalitat
Wll¥ de Catalunya

CATALAN WASTE MANAGEMENT
MODEL

o esiiace
__Calalunya
VENTIONPREVENTION PREVENTIO
:g- > SelechonPlant > g

"-:
"“‘:

“MEBT Plants: Shouldbe design andbuitasa

||||| Generalitat
¥ de Catalunya

A

ri ﬂgé’i’gﬂé Sg WASTE MANAGEMENT TOOLS
@Bl Catalunya

...... .

* LEGALTOOLS
— Law on waste (>> MANDATES)

ECONOMICAL TOOLS
— Law for financing of waste treatment infrastructure and of waste disposal
tax (landfilling + incineration) (== MANDATES)

— Subsidies for Local Authorities for boosting prevention, separate collection &
recycling (specially of biowaste)
- STRUCTURE TOOLS
— Creation of Waste Agency of Catalonia
-~ PLANNINGTOOLS
— Programme for MSW Management (> TARGETS)
— Regional Plan of infrastructure for municipal waste management

[ACT-014]. Development of a pilot project on extraction of
material resources and reduction of envi t imp
through landfill mining techniques.

ri Agtncia de LANDFILL MINING
'. Catalunya

LANDFILL MINING. CASE 1.
The landfill in Berga

Agéncia de
Residus de
Catalunya

« But, what we understand by Landfill Mining ?

— Landfill Mining (LM} can be considered a process by which wastes
which have previously been landfilled are removed and processed.
Some of the wastes can be recovered while other not and can be
returned to the landfill.

* Which are the goals of Landfill Mining?
— Reduces the amount of waste in the landfill ¢closed
— Reduces the volume of waste in the landfill closed (which allows to
enlarge the life of the landfill)
- Recovers some valuable recyclable materials (metals, plastic, etc.)
- Recovers, in some cases, some combustible fraction useful for the
generation of power or for generation of methanol or ethanol.

— Reduces the biogas generation {which in turn contributes to the

= reduction of climate change
| Genera at acl

\l | L de Catalunya

COMPARATIU CABALS LIYNIATS ANTIC-ACTUAL
ABOCADOR COMARCAL DEL BERGUEDA - JUNY 2008

| a partr & aforaments)

* The problem
— Generation of great amount of leachates
— Risk of contamination of groundwater due to leachates

|| Generalitat
de Catalunya

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy
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— LANDFILL MINING. CASE 1.
ﬁ Gatalinys The landfill in Berga

Id

Agéncia de LANDFILL MINING. CASE 1.

aotainys The landfill in Berga

+ Leachates Transport Cost [9.17 €/m?®]: 182,734.20€
+ Leachates Management Cost [29 €/m®] : 597.754.80€
TOTAL COST: 780,489.00€

+ Some studies conclude that 60 % of leachates comes
from the ancient landfill (even when it was closed and
sealed).

+ The impact of the cost of leachate management in the
overall cost of landfillmanagement, according to the
waste input in 2010 (17,660 tonnes) was 44.19€/T

+ |t was absolutely unbearable

|||!| Generalitat
dll¥ de Catalunya

+ The solution (summer 2011)
— Excavation of the old landfill (approx. 100,000 m* waste & soil}
— Transport & deposition of all waste into the new landfill
— Use of the cover soil of ancient landfill as a covering layer in the

new landfill,
+ Positive aspects * Negative aspects
— Environmental improvement: — The current capacity of the
« Reduction of the impact of new landfill is reduced.
the "lost” leachate on ~ The cost of this restoration
groundwater action was 400,000 € (which
« Reduction of emissions for was subsidized by ARC)
leachates transport
— Saving Money for local
authorities

Gaining space, if needed, for
future expansion of landfill

Catatunys The landfill in Berga

ﬁ Agéncia de
Residus de The landfill in Berga

LANDFILL MINING. CASE 1.

Catalunya

r.i Agbncia de LANDFILL MINING. CASE 1.

a— LANDFILL MINING. CASE 1.
ﬁ Gatalunya The landfill in Berga

Agéncia de
r.i Residusde  The landfill in Clariana de Cardener

LANDFILL MINING. CASE 2.

Catalunya

Generalitat |
de Catalunya

Biowaste

Green Sewage Residual
Waste Sludge Waste
.

s ! LANDFILL MINING

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy
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Agéncia de
Residus de
Catalunya

LANDFILL MINING. CASE 2.
The landfill in Clariana de Cardener

LANDFILL MINING. CASE 2.
The landfill in Clariana de Cardener

Agéncia de
Ei Residus de
Catalunya

Area for compacting
waste and production of
compacted bales

Area for mechanical
treatment (waste
shredding. trommel
screening, metals
extraction)

Area for biclogical
treatment (aeration
floor, technical cover,
continuous menitering
of biclogical parameters
(temperature and
axygen concentration),
collection of leachates,
irrigation system

Agéncia de
Residus de
Catalunya

LANDFILL MINING. CASE 2.
The landfill in Clariana de Cardener

LANDFILL MINING. CASE 2.
The landfill in Clariana de Cardener

Agéncia de
r.i Residus de

Catalunya
ressean

Material extraction

Emptied space

Material aspect Age of material

25.7%

Biological Treatment | Water content measure

Characterization of waste removed from landfill

nem e
:m'“ “______,, Most of this fraction {< 20 mm) is organic matter

7%

A%
sa% s l

" lmoul@ﬂ

Generalitat
de Catalunya

n«

’
3,
A} f 01% : 0%

Agéncia de
Residus de
Catalunya

LANDFILL MINING. CASE 2.
The landfill in Clariana de Cardener

LANDFILL MINING. CASE 2.
The landfill in Clariana de Cardener

Agéncia de
Residus de
Catalunya

.......

Waste characterization

—

Irrigation of material Closing of Trench

Loading the truck

Trench emptying

Monitoring of the biological activity thorough the evolution of the
temperature and oxygen concentration

-

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy
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LANDFILL MINING. CASE 2.
The landfill in Clariana de Cardener

Agéncia de
Residus de
Catalunya

LANDFILL MINING. CASE 2.
The landfill in Clariana de Cardener

Agéncia de
Residus de
Catalunya

...... .

Ferrous metalfraction | Fraction 80 mm-10mm Fraction <10 mm

-182% -24.9%

Reduction afterthe
biclegicalprocess

LANDFILL MINING. CASE 2.
The landfill in Clariana de Cardener

Agéncia de
Residus de
Catalunya

LANDFILL MINING. CASE 2.
The landfill in Clariana de Cardener

Agéncia de
l:i Residus de
Catalunya

Storage of bales Filling the pool

|| Generalitat
Y de Catalunya

LANDFILL MINING. CASE 2.
The landfill in Clariana de Cardener

Agéncia de
Residus de
Catalunya

LANDFILL MINING. CASE 2.
The landfill in Clariana de Cardener

Agéncia de
Residus de
Catalunya

Characteristics of the Biostabilised

Humidity pH  Conductivity Organi Germinatl

matter Test
Trench-1 28,4 % 6,5 3,5ds/m 32% 92,5%
Trench-2 296 % 65 2,6 dsim 32% 87.5%

AT o

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy
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LANDFILL MINING. CASE 2.

ri {\Rgé_ncia de
le &3nve  The landfill in Clariana de Cardener

LANDFILL MINING. CASE 2.

I_i {\ngé_ncia de
ol 8550502 The landfill in Clariana de Cardener

Overall reduction (of weight & volume) after the biological process
and the mechanical treatment

Option A freal) Optica 8 Option €
Grly muse are 1ent o
Larefill, Blostabilised is

seenvired and uied it the

Refuse (packed & buk) and | Refuse (a8 is packed) and
blewtabied are sentts | besmbilied are sest 1o

argfii Lanffil
8 {ren fir fessed eropn]

i enToes | envolum | enTones | envaum |
Reduse Fraction > 80 mm {in bales] =, 25 %8 295 | a6s
Refuse Fraction 80 mm > x 10 mm 20, 204 a9 204 | as
Fraction « 10 mm [Biostabilived) EEE] 495
ToTAL 29 FEF I TN |

Original amounts & volume of waste removed from landtfl | 1304 ] amis | w04 | s | w30a | ams |
Redction of weight & valume (in absokae value) WA 1030 Y 1433 606 1925
% Reduction in welght & volume

Recovery Rate of Ferrous Metal Fraction

Ferous Metal Fractson
| Recovery Rate of Ferrous Metal Fraction|

||||| Generalitat
dll¥ de Catalunya

+ CONCLUSIONS (1/2)

— Landfill Mining (LM) allows to reduce the environmental impact
(greenhouse gas emissions, organic content of the leachate,
nuisance) generated by the waste that had been landfilled

— LM implies the volume reduction of waste (36% and probably 50%)
which in turn allows to extend the life of the landfill,

+ Leading to significant economic savings
— In Catalenia, taking into account 40,000,000 m? of waste landfilled
— we reduce aboaut 40 % of volume occupied by waste
~ We would get back a new volume (with permission) of 16.000.000 m?
(equivalent to 12,800,000 tonnes if we consider a density of 0.8t/ m?)
— If Catalonia is sending currently 1,500,000 tonnes of waste per year
= It rep an it i ity for more than 8 years

— And a saving of 160.000,000 € (if we consider an average cost of landfill
enlargement of about 10 €/ m?) or 20,000,000 € per year,

LANDFILL MINING. CASE 2.
The landfill in Clariana de Cardener

Agéncia de
ri Residus de
Catalunya

Agéncia de
I:i Residus de
Catalunya

cessss

+ CONCLUSIONS (2/2)

= reducing the administrative burden of promoting new landfills or the
enlargement of existing landfills

+ reducing the social impact (NIMBY)
— LM lets to recover material resources that were landfilled
inour case only ferrous metals (70% recovery rate)
in other cases also non-ferrous metals and all kind of plastics that are
used as a source of energy or for obtaining methanal / ethanol
In some cases, also biostabilised for soils that don't produce food
(gardens, civil works, ete.)

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy
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INTRODUCING ECOSYSTEM SERVICES INTO LFM IMPACT ASSESSMENT

G. Tentes, D. Damigos

Introducing ecosystem services into LFM
impact assessment

G. Tentes and D. Damigos
National Technical University of Athens, Athens, Greece

Why Ecosystem Services?

neept.....

* describes some of the ways humans are linked to and
depend on nature
reveals that the environment is a social asset that
should be preserved under increasing scarcity
conditions
Emphasizes the importance of economic
certain habitats and land cover types

henefits of

EU wide ecosystem assessment

ecosystems soclo-economic systems

I -

Ecosystem Services

“...are benefits provided by the natural environment to
human society and include, for example, food and water
provision, flood control, purification of water, recreational
and cultural benefits, soil formation, nutrient cycling, etc ...”

ES and environmental policy

necoming an important component of
mainstream environmental de n making:
» Convention on Biological Diversity's voluntary guidelines on
including biodiversity and ES in EIA (2006)
OECD's recommendations on how to include ES in SEA (2008)

IPIECA/OGP's guidelines for considering ES for oil and gas
developments (2011)

UNEP'’s “Project for Ecosystem Services” (ProEcoServ) (2014)

World Resources Institute's guidance framework “Ecosystem
Services Review (ESR) for Impact Assessment (IA)” (2011 &
2014)

ES in practice
ES framework provides....

an effec framing of the environment in terms of
communicating with and influencing stakeholders and
decision makers

a more complete, holistic and integrated consideration of the
socio-ecological system

Yet...
= EIA practitioners have not been engaged, so far
+ ES definitions are still confusing is some services

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

Millennium Ecosystem Assessment (MA)

The Economics of Ecosystems and Biodiversity
framework (TEEB)

Common International Classification of Ecosystem
Services (CICES)

Classifications by individual researchers
Ecosystem Services Classification Systems

Overview of classification ES classification systems

ES EEI]SYSTEM SERVICES
" PLEASE USE & ENJDY!

Provisioning

Regulating

(& maintenance)

Cultural
(& amenity)

Supporting ...@@.@@
BOOLWRSDHOE
swaors| - BO®LESBHOP

:arhnn sequestrati
climate regulation
water management
I‘E creation
aesthetic
education

ES classification systems-MA ES classification systems-TEEB

MA distinguishes four categories of ecosystem services: TEEB proposes a typology of 2- divided in four main
p ning es (i.e., goods or products obtained categories, following mainly the [
from ecosystems) .
regulating s s (i.e., contributions to human well-being .
arising from an ecosystem's control of natural processes) + habitat s¢
cultural s es (i.e. recreation, aesthetic enjoyment, etc) « cultural and amenit
supporting s s (i.e. natural processes, such as TEEB omits supporting , which are seen as a subset
nutrient cycling and primary production that maintain the of ecological processes. Habitat services are identified as a
other services), which are regarded as the b or all the separate category to highlight the importance of ecosystems
other services to provide habitat for species and gene-pool “protectors”.

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy
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ES classification systems-CICES

CICES refined MA framework to reflect some of the key
issues discussed in the wider research literature and is more
explicitly hierarchical in structure. At the highest level there
are three familiar services used in MA called ‘Sections”.

ating and mainten
* cultural
CICES s pporting i to avoid the problem of
‘double counting’ if ecosystem and economic accounts are
to be linked.
Below these Sections a series of ‘Divis ', ‘Groups’ and
‘Classes’ are nested

Use of Ecosystem Services approach

ES, Mining, Landfills and LFM Tools for introducing ES approach

The use of ES approach in EIA literature is limited Correspondence between ‘classic’ impacts and ES
changes
Potential uses of the ES approach are related to — Variousattempts sofar

differential changes in ES provision: — Many impacts do not correspond to ES provision changes
— Many ES have not been taken into account

— during ex ante impact assessment . e
Use of technical indicators for each ES

— forcreation of Net Positive Impacts during operation — First EU approach through MAES (mapping & assessment of ES)
— Stillmany gaps and doubts

— for optimization of after mine closure and rehabilitation

Economic valuation of ES differentiation

— Monetization of changes

— Connection with financial valuations (social CBA analysis)

— during design and operation of a LFM project

Landfill mining project

Indicators for assessing the condition and biodiversity of
the ecosystems
Forest land
Cropland & grassland
Rivers & lakes
Wetlands
Transitional waters and marine inlets
Coasts, shelves and ocean
Indicators for assessing ecosystems services
— Agro-ecosystems
Landfill M,’nmg — Forest-ecosystems
— Water-ecosystems
— Marine-ecosystems

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

Indicators for assessing ecosystams senvices Controlled  Un-Controlled Indicators for assessing ecosystems services Controlled  Un-Controlled
LF LF LF LF

Cultivated crops (area [ yield) o l Storm protection

Rearad and tl {livestock) Ventilation and transpiration (bi amounts)

Wild plants, algae and their outputs (wild berrias) Pollination and seed dispersal (potential)

Wild animals and there lati Maintaining nursery populations and habi: (High

Plants and algae from in-situ aquaculture Mature Value farmland)

Animals from in-situ aguaculture (production) [ Pest and disease control

Water /nutrition (abstraction) Weatheri ( ic farming. soil properties)

i Imaterials (area, yield, timber pi i ition and fixing pr (area N-fixing crops)
G A (AbEREan] Chesllsondionolisshusesisherisa s i
Plant-based resources (fuel wood) Chemical condition of salt waters
Animal-based resources Global climate regulation by reduction of greenhouse gas

Animal-based energy concentrations ( ag) _,
Mediation of waste, toxics and other (area, nutrients) Micro and regi li ion (forest area)
Mass st. ation and control of erosion rates (risk) Physical and experiential interactions (visitor
Buffering and attenuation of mass flows Intell I and rep ive il i
Hydrological cycle & water flow maintenance Spiritual and/or

Flood protection (areas at risk) | | Other cultural outputs (protected areas extent)

Landfill mining projects

Overall positive picture

— 32 categories

— 9 positive impacts

— 11 potentially positive (depends on land use)

Carbon sequestration is a grey area

— Pros: soil sequestration, energy consumption

— Cons: circulation of organic materials, required processes
Nuisances to humans during LFM processes not included
in the assessment

Indicators that cannot (yet) be addressed with existing
data have not been included So, how do we plan policies?

Planning policies Concluding remarks

Ecosystem services provision changes are useful to ES approach is particularly relevant at the Strategic
understand and communicate negative and positive Impact Assessment level
impact assessment
Ecosystem services provision changes cannot al : To improve this situation, a more consolidated
monetized (yet), and we need more research methodological framework will have to be established
ES indicators provide reasonable ground for the based more on globally standa lassifications
optimization of the LFM objectives and processes
Impacts on manmade environment should be also put into Scientists and practitioners involved in LFM should
perspective within this framework become more familiar with the concept of ES because it
A national plan (at the strategic level) should not fail to becomes mainstream in several standards and

these aspects. legislations, but also because it may help in successful

conflict management

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy
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Thank you for your attention. ..
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WHAT DO PEOPLE BELIEVE ABOUT LANDFILL MINING?

D. Damigos, M. Menegaki & D. Kaliampakos, G. Diamantoulakis & V. Chorinos

What do people believe about landfill
mining?

D. Damigos, M. Menegaki & D. Kaliampakos

National Technical University of Athens, Athens, Greece
G. Diamantoulakis & V. Chorinos

Polygyros Municipality, Polygyros, Greece

Towards LFM concept

The exploitation of old and existing municipal sclid waste
landfills via landfill mining (LFM) may be a promising
solution in order to:

conserve landfill space

reduce the need for new landfill areas

eliminate potential contamination sources

recover energy from mined waste

reuse recovered materials

redevelop landfill sites

Improved decision-making processes

* Private costs and benefits alone cannot reflect the true
social worth of LFM projects

Environmental and social benefits should be taken into
account to come up with more informed and fair social

This means that we need to...

+ identify the ways in which LFM projects affect human
well-being and

+ estimate the total economic value of these changes
through appropriate valuation techniques

Waste management

* Despite the emerging attention towards promoting

waste man ment
Recycle), lar
m ment practi

policies (Reduce, Reuse,
remains the dominant waste
n many parts of the world
Under the pressure of resources deficiencies and
environmental challenges, certain steps have been
taken to encourage integrated waste and materials
management policies

LFM benefits

create economic opportunities from recovered materials,
landfill space and land

generate social benefits through reduced impacts, provision
of secondary raw materials from recycling, job creation, etc.

er...

recovery of materials and energy resources alone seldom

seem to eco cally justify LFM projects

LFM like any other economic activity, has to be
ically otherwise it will ne be

Total economic value

* The monetary measure of the change in society's well-being
from a change in the quality of life is based on its Total

direct use values (i.e. actual use of an environmental good or
service for commercial purposes or recreation)
indirect use values (i.e. benefits from ecosystem services and
functions rather than directly using them)
option values (i.e. value of ensuring the option to use a
resource in the future)
+ Non-u alues include altruistic, bequest and stewardship
motivations, reflecting the fact that people value resources
for moral reasons, unrelated to current or future use

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy
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Scope of the survey Methodological approach - The CVM

The present survey aims for the first time in Greece: '‘Contingent Valuation', because valuation is contingent
to investigate people’s knowledge and attitude about on the hypothetical scenario put to respondents
existing MSW management practices Itis a direct (stated preference) valuation method, i.e. it
to understand people’s beliefs about LFM and its involves directly asking people how much they would be
perceived benefits WTP or WTA for a utility change through a survey
to estimate people’s support and their WTP for LFM Itis the most frequently and widely applied stated
projects preference valuation technique — It has been in use for

over 40 years in over 100 countries

The survey was carried out between April and June 2015

involving residents of the Polygyros municipality. In total

286 questionnaires were collected via personal inter

and the response rate was around 70%

CVM: Criticisms CVM: Advantages

Respondents may fail to take payment seriously because » The only method available, together with Choice

they are non-binding or may manipulate the process by Experiments, for capturing non-use values

distorting their true WTP (i.e. strategic bias) It is consistent with the theoretically framework of
Respondents do not understand what they are being monetary measures of utility changes

asked to value (i.e. information bias) It is applicable to nte situations

WTP-WTA estimates may be inconsistent (i.e. WTP and It is widely used through regulations by agencies with
WTA disparity) environmental responsibilities for natural resource damage
Validity (i.e. ‘accuracy’) and reliability ( i.e. ‘consistency’ or assessments and policy evaluations

‘reproducibility’) of estimates, etc.

Survey results

* About 70% of the respondents state that they have seen,
heard, or read about solid waste management (SWM)
issues from internet, TV, radio, newspapers, magazines,
etc., a few times and many times. About of them
have never heard anything about SWM
SWM problem is of equal importance to other
environmental issues in their area, for the vast majority of
the respondents (i.e. arou

Main findings...

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

* Almost all (i.e. more than 96
uncontrollec | is associated with significant

leumrcIIwJ ones, wh|le the rest say that the problems
are of equal importance

More than 70% of the respondents recognize water
pollution as the most important disposal related problem,
followed by soil pollution air polluti and
global warming (4%) an defores

Support for LFM projects

To investigate public support for LEM projects, respondents

were asked to state which the following sentences best

reflects their thinking:

« “| feel that there should be a LFM program, and | feel
some responsibility for paying for it": 1

+ “| feel that there should be a LFM program, but | do not
really feel that it is my responsibility to pay for it" 3

* “| don't think there should be a LFM program”; 4

In total, more than 95% of the respondents feel that there
should be a LFM program

Support for LFM projects

The respondents’ attitude towards their financial
responsibility is associated with the current economic
situation in Greece

More than 50% of the respondents said that they couldn’t
afford it due to low income

About of the respondents declared annual
household income lower than 30,000€ and three-fourths
of the respondents lower than 20,000€

‘Unemployment’ and ‘poor ec y' are mentioned as
the most important problem by more than 85% of the
respondents

LFM benefits

Respondents were asked to evaluate the importance of
LFM according to their opinion focusing on three fields:

ion as ‘very important’
ate important’
o of the respondents characterize the benefits
on of environmental pollution
y important’ and as ‘moderate

o of the respondents characterize the benefits
ation of landfill e as 'very important’ and
as ‘moderate important’

Support for LFM projects

Average WTP amount for positive bids (excluding zero
responses): 50€ per household per year in increased
municipal ta

Average WTP amount for the entire sample (including
Zero responses): per household per year in increased
municipal taxes

Concluding remarks

Although waste management policies, worldwide, aim at
adopting a more en\.rlrt:lnmentaH)‘lr friendly and resource
conserving h|erarchy waste osal still remains the most
common
As a means to reduce environmental impacts and conserve
natural resources, LFM could be implemented provided that
sibili , not only from a private but
also from a social point of view

s of LFM are related to

ronmental pollution and nu
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Concluding remarks

LFM

fourths of the respondents rejected to pay in
to financially support LFM progran

This attitude is associated primarily with the current
economic situation, and should not be considered
representative of the beliefs of the society. In other words,
society's WTP for LF

under differen

Thank you for your attention. ..
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DEVELOPMENT OF A LANDFILL MINING POLICY IN FLANDERS (BELGIUM)

E. Wille

5 = T
elopment of a landfill
ining policy in Flanders
(Belgium).

Eddy WILLE, geologist — senior advisor
OVAM (Public Waste Agency of Flanders)

Flanders

[ General information :

Population : 6.4 M inhabitants
surface : 13.599 Km?*
Densely populated : 472 inhab./Km?

.
.
= Highly industrialised
* Regional policies
.

Important harbours (nexus to Germany)
Limited natural resources

“One of the virtues of Belgium is that its tininess
allows you to be anywhere else within an hour or
two. It takes a while to get used to the idea that
the whole country is effectively a suburb of
Brussels.”

From: Neither here nor there - Bill Bryson. p78
WEF

Flanders Brussels || Wallonia
Capital reglon "
WAKE TOMORROW

f?‘ Flanders o MONE BEAUTIED
State of the Art

OVAM in the environmental policy
arena

Minister for Environment
and Spatial Planning

Department of Department of
Environment,Nature Spatial Planning,
and Energy Policy and Heritage

Outline of the presentation

» Introduction to Flanders and OVAM

» Waste management and landfills in Flanders

» Frameworks and trends

» Transition from Waste to Sustainable Resource Management
» ELFM% Enhanced Landfill Management & Mining

2" Flanders s A T ORRON
(& State of the Art ! OV M

OVAM

Public Waste Agency of Flanders
Environmental Agency headed by the
Flemish Minister of Environmental Affairs
Established in 1981 (State reform of 1980)
Competent Authority for:
+ Waste Management;
+ Sustainable Material Management;
+ Soil Remediation.
Staff: approx. 310 FTE
= Offices : Mechelen - Belgium
= wwwovambe

?(‘ Flanders

State of the Art OVAM

Tasks of OVAM

To prepare legislation, implement and supervise the implementation of the
Flemish legislation on waste management and soil remediation:

« Waste management Act (1981)

= Soil remediation Act (1996)

= Material Management Act (2011)

= ..20267

The overall goal is to contribute to a better environment and quality of life

= ensuring sustainable management of waste and materials
= preventing soil contamination and ensuring soil remediation

EU : Acts (Directives) on waste, landfills; not on soil contamination /remediation

USA : Resource Conservation and Recovery Act (RCRA), Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA)
EPA-mission : to protect human health and the environment

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy
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Waste management and landfills in Flanders

Production municipal solid waste (kg/capita): 1991 - 2013

w0 nn 0 T E = .
™ ' Flanders:
= - o 503 kg/inh
- e 2 B e S ey 2013)

P o, CHPRINY EU 27:
d 481 kg/inh.

(2013)

Souree: gurostat

SU VN W

[P —

217 of the 308 municipalities achieved the target of 150kg/inhabitant
71% selective collected
?(‘ Flanders 23/09/205 | 7

State of the Art OVAM

RE BEALTIFLL

Waste management and landfills in
Flanders

How is residual household

P—
" waste processed?

Household waste per =

inhabitant of Flanders oz

s

Tk g .1
Fl

%" ..

kg

How much food are we wasting?
2B @

(45 KG)

-

Residual waste

Residual waste

Waste management and landfills in Flanders

Number of landfills -
1985 2015 { TERT
PN e = S g A "
Cat 1 (Hazardous waste) " 4 .
Cat.1 "
Cat 2 (Non-hazardous waste) ] 9 ALy
Cat 3 (inert waste) 7 4 . ¥ ‘
- o8 Aa, -

Cat.2- u-;dusLﬁal dVAM

7\ Flanders S3owiagis
(¥

State of the Art

Waste management

800

600
500 -
400

300 =
200 -
100

MSW generated - kg per person - 2011

7\, Flanders MORE SEAUTIEDL
State of the Art

Waste management and landfills in Flanders

Industrial waste 2012

74%: Reusing,
2 recycling,
2 a7 composting, using
19 as a new material
after 2 steps of
treatment
11%: Conditioning
2016 10%: Incineration
vear 5%: Landfilling

Results: Industrial waste (M tonnes/year): 2004 - 2012

% Flanders B S 0
(W

State of the Art

Waste management and landfills in

Flanders
Evolution :
» Waste collection & disposal
most
» Waste treatment favoured
option N
> Waste hi hy minimisation
» Material management
> Sustainable resource g
management L alt ek
Pt di ]
» Circular Economy e epess
WER WE
f, Flanders ST S
( State of the Art OVAM
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Agents of change

Born in 2010: How much is left for me?

Metals for
Tenewabis

ey
pplications

Other metsis
for maustrial
sppicarions

507 Air
E 507 Water
Tuchrically,
The Ghass is Compleiely Full

Transition from Waste to Material
Management

PUSH"

Decision process
- ) 2,000 landfills (Flanders)
em— Prablem 150,000 - 500.000 landfills (EU)
( Comperition ] goseguition,
e i B sl 1= 2 % MSW is landfilled
| .n:::;:.::r | ‘Search for SRR average 42% is landfilled (EU)
alternatives
r \ ’
[ A
i | = Demands:
[ — — Lackof expertise = Materials;
faass mi ¢
[ | Evaluation of Lack of time .
a S akicrnatives Risk avoidance hobipled
Research and hers. -« land;
teaching _._ = drinking water
| insrimurions
2 PULL’
Organised labour N\ .
2 z — Decision Incentives )\ Options:
Informal systems o Financial incentives | . i 9
of authority .- w: Busmgss as usual.r
P = § - Sustainable material management;
International ! | _Implementation
| onganisations o

+  Circular economy
Decision-making framework (Adapted from Yap 19881 ThE

7\, Flanders 2310972085 | 5 Y
OVAM

State of the Art

Transition from Waste to Material
Management

Policy Instruments :

The implementation of the waste policy and strategy requires the use of
three different types of policy instruments

~ legal instruments (eg. legislation, penalties, producers
responsibility, voluntary agreement, etc ..)

~ economical instruments (e.g. levies, taxes, financial support)

~ social instruments (eg. information and awareness raising
campaigns, education programs at schools, etc ..}

The challenge is to find the most appropriate instrument or mix of policy
instruments to achieve the targets

7\, Flanders 3310912015 | 1
State of the Art

Frameworks and trends

2010
Increase of urban areas in Flanders: in total 7 ha/day: 5 ha/day transformed in residential landuse.
Simulation made by Vito for the period 2010 - 2050 shows the impact of urbanisation in Flanders.
According to the Planning Agency: population will rise significantly and assessments indicate the
need of over 630.000 new dwellings by 2050.
‘Ageing cities’ is not. limited to its inhabitants; infrastructure also requires retrofitting to become
more sustainable and ready for the future.

?((\‘e Flanders ‘ . %

State of the Art

Transition from Waste to Material
Management

Our Goals for a Sustainable Material Management :
» Closing material loops as efficient as possible : circular economy
» Eco-efficient production
» Innovation & Ecodesign
» Stimulate ‘Green Consumption”
» Order in own house : green procurement

Cradle to cradle

Transition : Cradle to grave

7\, Flanders 2370972075
{ State of the Art

ELFM - part 1
Policy development & Enhanced Landfill Mining in Flanders :

> QVAM Board of directors {2nd of December 2011), ELFM-research programme 2012 -
2015 approved.

» Government of Flanders Policy agreement 2014-2019. In the approved vision the
aspects of circular economy, recycling of landfills and brownfield redevelopment were
also confirmed as important policy goals.

> i ini; Envil {
Qctober 2014), This memorandum identifies the key strategic choices of her policy for
the term of office (2014-2019). The issue of Landfill mining is clearly addressed in this
memo and the Minister engaged herself to implement a vision on ELFM as well as on the
sustainable stock management of (former) landfills.

» Vision 2050: a long-term strategy f
of September 2015), Transition to a circular econamy and deﬁnlng the role of landfills
and ELFM.

[t th

E Flanders 23/09/2005 | 18

State of the Art
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Definition ELFM: gyanced Landfill Mining -
Flemish ELFM- ‘e D’jrjn‘]hl.mnmg excavation and

of (histori
Consortium

e-to-Material) and energy
0] Enpryl using innovative
nd

cal criveria.

Mapping — Surveying - Mining

ELFM — part 1

OVAM's Action plan on ELFM:

- decision board of directors: dec 2011;

- programme 2012-2015;

- basic principles: Mapping-Surveying-Mining:
- reintroducing Landfills in circular economy:
- developing innovative concepts;

- supporting innovative technologies;

- study on economic and legal aspects;

ICMA SmartBrief

ic D

o P
Wash. city hopes to convert defunct landfill into parkland.

‘The city of Bellevue, Wash., is moving ahead with plans for transforming a long-closed
landflll into Bellevue Airfleld Park. Plans include covering the landfill and its methane-
extraction system. HEF

ik
7(“ Flanders 23/09/2015 | 2 2
State of the Art OVAM

A\, Flanders 3109205 | 73
State of the Art

o within a broader Recycling strategy

5, (Ehanced) Laodil Minkg
uding matal recovery

Lavdils conteni

B |s|nclny

Resicunl miners
ciatrinl Process Residues = 10 e ualorised in
o iy o secondary | * Rianal pmomvery busting maenas
* et prosLchon (i)
Taiing ponds
Concantrates i —
Pmary Ores WMetals and aliogs r totermcdite)

Rocyclates
% Primary miing

1. Diet preconsumer recyeting = §
wtwcung
i 3

2. Recycing/Uiben Ming

Eng-ariie Products
o aiaks)

+ 8

Langetk cameaiieg Wraon
Solid Viaste (locks)

3. [Enhanced) Landl Mining

ELFM — part 1

Mapping is more than figures of landfllls. Identification of
stakeholders and ideas matters.

Importance of the governange structure:

4 principles:

= the use of better evidence for decision making;

= greater engagement and empowerment of citizens;

= thoughtful investments in expertise and skill building;
= closer collaboration with the private and social sectors

Implementation:
+ Multi-actor governance
*  Networks:
+ ELFM-consortium Flanders (www.elfm.eu)
+ EURELCO (European Enhanced Landfill Mining
Consortium : wwweurelco.org)
« Partnerships: Reclaim

%, Flanders 237097201
( State of the Art

= G -

7 —T 5

- S ) S .
ELFM - part 1 ’ ST S R

4 ——r— a

= kil =

= s =

- S e A (6

Taguwes
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ELFM - part 1 ELFM - part 1

Potentially contaminated sites in EU

= Estimated number of landfills:
Former coal mines Flanders : 2.000
5 e, f EU : 150.000 - 500.000 (Hogland}
‘ | & 1100.000 municipalities in EU)
»
Land Information Register (OVAM) : , ]
= Approx. ca. 34.000 Jocations investigated: approx. 2.700 remediations completed: -~
= Estimated risk locations : 85.000 (12.000 sites potentially require remedial actions);
= Links to industrial axes, harbours, mining areas.
OGETHER Vi
?(E Flanders ?(E Flanders 2ijosrae | 26 ORE EEAU
(\ State of the Art ( State of the Art OVAM

ELFM - part 1 ELFM - part 1

Flaminco (Flanders Landfill Mining,
Challenges & Opportunities):

decision support system to manage
landfills in a sustainable way.

Surveying:

detailed investigation of the individual landfill site
in order to assess the feasibility of ELFM (detailed
identification of the landfill: composition of the
landfilled waste, identification of the geophysical
conditions and -chemical characteristics of the
surroundings of the landfill site)

2 main components:
= Mining potential;
= Potential environmental impact.

6 criteria to determine ELFM-
* Type of landfill
* Period of landfilling

2 case studies at Municipal Waste Disposal sites
Case 1:1960s ~ 1970s: 2,55 ha: average thickness 1.5m
Case 2 : 1970s- 1987 7 ha; average thickness 10m

Volume of landfill
Land use of landfill
Distance to transport modi (roads,
waterway, railway)
*  Proximity of other landfills

University of Ghent tested 5 geophysical methods:
= Electromagnetical induction

= Magnetic method

= Electrical resistivity tomography (ERT}

= Ground Penetrating Radar (GPR)

= Seismic refraction

7({‘ Flanders

State of the Art

7
((\3 Flanders

State of the Art

Reclaim conference - Thessaloniki 16,08.2014

ELFM - part 1 Resource Management version 2.0
Enhanced Landfill Management & Mining (ELFM?)

-
Valorization of the landfill: (preltreatment of the waste to make it suitable for material
reuse or valorization, extracting the waste (in situ/ex situl, valorizing the resources,

reclaiming land, eliminating risks and aftercare. OVAM, decision Board of directors 18th September 2015:

Reswrarces Products Pt
“Waste to Materiah. Exoim excion Sevenl P . . o B
: - | % Broadening the concept of Enhanced Landfill Mining and introducing long-term
e Yar ey 1 rmanagement of landfills. Sustainable stock management is the key-issue and
T e e stock is defined as the content of the landiills, the surface of the landfills and
E Sathane sevenal proress its impact on the environment. Creating added-value such as materials and
i ol el scoy e, Ghea Feusden energy, beneficial landuse and protection of potable groundwater resources
:l—‘i"“——"—'—"—— e T e 1 Interim use as stage in the resource management and mining cycle.
[ ; Tt wea Henkuns
I Bie ool e » Concept of ELFM*memorandum approved and transfered to Minister of
- e : Environment.
Coutanmennexsavann Pk Anlst
[ Fovenien

- [T e —

?(‘ Flanders

?(‘ Flanders
State of the Art

State of the Art s OVAM
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Resource Management version 2.0
Enhanced Landfill Management & Mining (ELFM?)

Policy aspects
== Transition

Technological aspects :
== Transformation

Contribution to sustainable
material management :

= Resotirces

— RESEIVES

Contribution to sustainable
materials management:

== Urban Mining

= Landfill Mining

Contribution to global well-
being

== Integrated approach
— Lanar

Contribution to global

prosperity:
‘ =+ Added value

—— = Management
Actors : Actors *
- al actors — = Industry
- Civil society | Landfill Mining -

l Urban Mining |

#\, Flanders /0205 | 3
(‘ State of the Art

OVAM

Resource Management version 2.0
Enhanced Landfill Management & Mining (ELFM?)

Resource management and
Material flow analysis -
multiple aspect of mining:

Anthropocene era

» Urban Mining

» Landfill Mining
All geological era’s

» Traditional Mining

7 Hiernating ¥
stocks

7\, Flanders | 6 Ok GERU T
{ State of the Art OVAM

Participation,(Risklcommunication
and governance

Specific attention on aspects of communication and governance:
When it comes to judging a risk. most people
would rather trust the opinion of a friend than
take the word of a scientist.

(new scientist, 28.09.19%6)

# Roles of the OVAM:

Further contributions on these aspects :
M. Ballard : Local community participation in technelogical ELFM-projects.

K. Sips : Local ity i in complex projects:
challenges for long term planning and dealing with uncertainty.

AKE TOM
#\, Flanders 51092015 | 35 HOKE BEAL
State of the Art

Resource Management version 2.0
Enhanced Landfill Management & Mining (ELFM?)

Analysis of provided
information; vision and
policy development on
waste and sustainable
materials management;

Conceptual
European Model

l

Conceptual
Regional Model

Data aggregation and
processing; delivering
information on
antropogenic resources
and reserves;

Conceptual
Site Model

Data collection on waste
production and landfills.

TOGETHER
MA A

7, Flanders ™ MORE BEAUT

] l'
State of the Art VAM

Integrated approach and multiple
aspects of governance

| Multiple Stakeholders | | Multiple levels |

fm -
"~ Fm Multiple timeframes

s
({ Flanders

State of the Art

Thanks for your attention

Eddy WILLE
ewille@ovam.be

Acknowledgements :

Colleagues ELFM-division at OVAM : Katrien
Van de Wiele, Tom Behets, Peter Nagels, Luk
Umans

Government of Flanders
Public Waste Agency

of Flanders
Stationsstraat 110

2800 Mechelen, Belgium
T: 015 284 284

F: 015 203 275
www.ovam.be
info@ovam.be
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LOCAL COMMUNITY PARTICIPATION IN TECHNOLOGICAL COMPLEX ENHANCED
LANDFILL MINING PROJECTS

M. Ballard

= CleanTechPuynt.. ~ May5.2006

an Technology Edu

Local community participation in
technological complex
Enhanced Landfill Mining projects
‘The Locals’: benefits and needs

HEHE
Athens 2015 International Landfill Mining Conference

September 24-25, 2015

M. Ballard, L. De Coster

CleanTechPunt
Gresrivile, Canter of ClasnTedh
Houthalan-Hedhtaren - Balgum

Back in time... By
Landfill=questions unanswered -

or todays and future

= Stench, dust, heavy traffic gen erations
= The lost of high quality nature into landfill
= Wildlife, biodiversity evolution? .-
= Ground water and soil pollution? Stop postpgning our
= What kind of environment will we find here after
10 or 20 years? waste problem
mp Time for new visions to turn a T e
negative atmosphere into positive

perspectives
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. Fihcmil.s

2008
Let's do that with waste, what is supposed ClOSil'lg the Circle (Ct0)
to happen with raw materials!

Clean Technology

(0 Enhanced Landfil Mining

& Fuel
v‘?:::e%mﬁ:ﬂﬂu Raw materials recovery 5 Eoeanon
i 5
Waste = get rid of it Raw Material — re-use T 2

And lets drop it Fuel —— E generation

Waste vanishing trick Raw materials appearance trick Gas Coaling
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08 LOCAIS

2010 =

First Localsmeeting ; L

DE LOCALS

i Obstacles towards transition

= Amusement and entertainment value in
the being "for or against" the project

m Utility principle: what's in for me

m Polarisation: believers<>non believers

= Neither officials, nor complainants have
always right.

The Locals, who are they?

©)

DE LOCALS

The Locals, first stakeholders living
within the surroundings of a waste
facility.

|

DE LOCALS

L

1- Let’s not forget ...

Don't forget the past

Don't forget the concerns of citizens
NIMBY is no excuse to minimize reality
It's all about absolute trust and absolute
sertainty

Politicians don't decide on technical level
but on strategic level

2- Looking for new challenges

DE LOCALS

—

increase knowledge to increase
involvement

Approach social change like
any other technological challenge

Scientific basis is always at the
base of innovation

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy
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Chy 3- Sharing knowledge is exchanging trust
Involving people = other debate Lo ‘see’, then know’
so people can ‘choose’ DE LOCALS

.. Give the opportunity to acquire insight
as well as information organizing
company visits, lectures, symposia *
create confidence for a lasting dialogue:
-Iet the experts explain: Scientists,

technology holders, knowledge institutions...
and Group Machiels

. . DE LOCALS . . DE LOCALS
Communication Communication
= From the Company to the Locals: » From the Locals to the Company:
Locals will be informed, directly: Locals inform about the concerns of the
- : e : society

m Receive always [irst hand information. )

= Confidence through openness. m Ask specitic and concrete questions.

m Research group €= Locals: open m Feed the research group.

communication.

m Proposals/following up on security
m Site visits. agreements.

mp | ocals do understand complex issues!
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. Closing the Circle masterplan ;,-j“mm

S e DE LOCALS
Communication :

= From the Locals to local residents:

Not all questions can be answered
immediately (trajectory).
® Science-based answers.
m Learning Process by the experience of
improvement.
mp Understanding makes people involved in
the progress of society

e
™ &

DE LOCALS

Thank you for your attention.

www.CleanTechPunt.be
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HISTORY OF DUMP SITES IN GREECE: INTEGRATED TOOLS AND METHODS FOR THEIR
REGISTRATION

G. Perkoulidis, A. Malamakis, T. Tsatsarelis, I. Antonopoulos, N. Moussiopoulos

Laboratory of Heat Transfer and Environmental Engineering (LHTEE)

History of dump sites in
Greece: Integrated tools and
methods for their registration

G. Perkoulidis, A. Malamakis, Th. Tsatsarelis,
I.-S. Antonopoulos and N. Moussiopoulos
Department of Mechanical Engineering
Aristotle University of Thessaloniki (AUTH)

Box 483, GR-54124, Thessaloniki, Greece
e-mall; gperk@auth.gr

LHTEE — Main Research Topics

Air Pollation and Climaie Change
=Mulu-scale air pollution studies

=Ar poliution=climate interactions

=Arr quality assessment and management
~Environmental impact assessment
<Integrated environmental assessment
Waste Management

=Uontaminated site maragement
~Recycling, logistics, wasle scenana
=Thermal treatment and energy recovery
~Pricing schemes, decraon support tools
~Sustainable corsumption, social isues
Energy Systems and Technology
=Energy conservation and rencwable energy sources
=LCA and environmental management
~Sustainable production

—
Sceny

Source: hitp aix men g auth grihtesin dec him, 150972015

LHTEE - Completed projects

= |DRUS Gt
+ Integrated methodology for =
monitoring, decommission,
sanitation and restoration of
uncontrolled sites for solid
waste disposal.
= REDIS:
+ Resource recovery from waste
disposal sites. e
s ESTRADA: =
+ Ecological and aesthetic |1
restoration of solid waste |
disposal sites,
= WIDISIM:
+ \Wild Disposal Site MEL.

Soutces: hip Marchives erasmus grienicon gressesiath ens/200Shelac o0 greck.adit onipropesals'sclentfic
commites.snviicnment! 1802015, hip ¥aix mee g auth grthtsainoer niml, 170032015

Laboratory of Heat Transfer and
Environmental Engineering (LHTEE)

m Belongs to the Energy Section of the Mechanical
Engineering Department, Aristotle University
Thessaloniki (AUTH), Greece.

m LHTEE conducts basic and applied research in
three main areas:

+ Energy systems and technology.
# Air pollution.
# Waste management.

Ml :

1)
7

Seurco: Atz Mo meng auth goihicofndo biml, 21002015

@.-il. |

LHTEE — Dealing with dump
sites s B

m https://elearning.auth.gr/course.

= Publications.

m Research on waste management.
m Completed Projects.

= Doctoral dissertations.

m Master's theses. =

m Consulting services on waste management
issues.

Dump sites - Strengths,
Weaknesses, Opportunities and Threats

n Old dumps might emit
significant quantities of
methane.

u Gas collection and flaring
contributes to earn carbon
credits.

n Highvalus waste, suchas
aluminum and scrap metal
could be recovered from
dumps.

= Landfill mining is also possible
in countries where land is not
available for new landfill sites.

Sourca:

. TR0
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LHTEE publications -
tools and methods

= Field survey, statistical analysis of characteristics,
risk assessment.

= Registration, classification, rehabilitation
strategies. :

m Application of GIS as a decision-making tool for
prioritizing restoration.

u Atmospheric dispersion and deposition of
PCDD/Fs from landfill fire. =]

Integrated

Fields that were required to be filled
in GIS database

ssFIe<a

e dl e |4 ae B
e — 2a

* Name of municipality.
+ Municipal setor.
+ Starting year.

Year of closure.
Distance from
populated area.

+ Size of dept of dump
site.

)« Uncontrolled

combustion.

Source: Toatsarsis ot &, 2005

Classification of landfills in the
Prefecture of Thessaloniki in 2005

According to

systemalic

uncontrolied

buming of solid

waste:

+ Chrcle! yes.

= Square:no.

+ Trangle:
occasionally.

Community

borders are

drawn.

The Prafectira’s

twe major lakes

are filled in blue

Source: Salonikdou etal, 2000

Field survey

» The fields that were required to be filled in for
every open dump concerned:

* Distance from the closest inhabited area.
« Dnll existence.

* Site size.

« Estimated depth of waste,

« Estimated volume of waste.

» Compression of waste.

« Estimated type of contained waste.

« Waste dumping around the site,

» Fencing of the dump site boundaries.

« Dumping of sewage and shudge.

» Distance from surface waters - Waste
dumping in surface waters.

« Animal bréeding in the site or in the close
wicinity.

« Incidents of spontaneous combustion.

+ Systematic soil coverage of waste,

e Year of the open dump's operation
initiation.

= Type and density of vegetation near the
ity

e
» Systematic combustion of waste and its
oy

« All the above data were then collected, analysed
and supplied a GIS database using the ArcGIS ®
commercial software.

From registration of dumps (2000)
to the impact of PCDD (2007)

o Sy pter
Wma w1
ot by 3

W Wi ot Siuton e lor oy 1438, 2006

Sourck Salenikids stal , 2000 Sourch
i man g @uth onia 10
i _LHTEE pof, 21092015

Registration of dumps in the Region
of Sterea Ellada in 2000

O Semi-controlled landfill

* Waste producers | dasida
> 1000 creseig) 5

Source Stamans, 2000
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Active and inactive dump sites in
the Prefecture of Kozani in 2005

Size of dump sites in the Prefecture

of Kozani
+ Most of the sites

= Astabulardata . paramSteE

25

5 Nl covered a
3 I +  Locaton name. g
L ¢ Jearotopeesc nteton g2 relatively small
= Inactive Dumps ""W"‘—'“f'r”:}?‘“""' ! ;‘:EE“T“?"'WM 15 area.
Natura 2000 and trp of wasly 2
- e ﬁ?ﬁ. ”:a;?f.lwﬁ [0 maeminge i + 21ofthem
il ~—~'“‘ obsasion) Pl PNl £, covered an area
; : e * Ty e between 0.5 and
breedng, hpe and density - -;-:? o Q"o ~ _‘_'\r P 0, il i
Wbl SoyE YNy v Oniy 7 of them
ek Aena bl covered an area
e more than 1 ha.

Seurce: Tsatsarslis el &, 2005 Sodrea: Teatzarelis et al, 2008

Open combustion of waste in the
Prefecture of Evros

anagement practices in the
refecture of Chalk[cjiki in 2005

{ g 7

\\./“—"U =
‘\l\

)

g

= Open burning is responsible for \'\ _p‘ﬁﬁg
generation of toxic byproducts of

Ty @ 1 i1
combustion, su Eudlgariag o .'!.!a, -
polychlorinated.d nzodiexins e ":’;"" I
and furans (PCDD/F), pgschaTc [ Evi \<\,. Ly
aromatic hydroc ns, ‘. '_‘;*V) ® =5 9,:-.
particulate matter; ‘benz " ’».i‘ 0 2 A r
carbon monoxiqfri,‘ on ““"‘-ﬂ.ﬂ o <" 5;9’ i
dioxide, nitrogen dioxide and %f @ Nobuming snd sod coverage
sulfur dioxide. }U% "_-If'l‘urka\r ) ® 5ot coverago and buming

&  Nocombustion STt
®  Open combustion ]
[ Natura2000 o =

Hazard degree, restoration cost,

Defining hazard degree external cost and selling price

- - s Exaermal cost from CH, aed CO:
- Step1 concerns the pollution sources Fhat exist i‘J e &% Ok
on the site and is conducted by taking into ; \.‘. 51 t . =0 € 59 6
account the quantities, type of waste R J.’- po! L-.a,, E ,u;::” \ ol e

(household, construction and demolition) and

the age of each open dump. ?¢ “e’ 3"‘@ \._:\ AL

-...............- '..............- '..............-
'..............- '............... '..............lj-
/ o~ 1
=

harard degree A’x =
+ Step 2 concerns the path of pollution dispersion. o I B L
. Flnall_y, step 3 concerns the final receptor of the @ w.m Prefecture of Chalkidiki
pollution. ez
* Open dumps are then ranked into 4 categories i i s Simple coverage restoraion cus.
according to their hazard degree evaluation: Ctegor, ik o actlon_aedderee Wk deges S ae @)
+ urgently restored, should be restored, should be b todinrisced _\m 3069 o
restored in the future, do not need any restoration. 5 freieng e in e
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From landfill fencing to hazard Influence zones of open dumps in the
degree calculation in Thessaloniki prefecture of Thessaloniki
- . 3
. ]
. .
. s oo =
- ] @ /
] m R y
L] - S -
u u -
u = ;
L L
- -
____Mmmw
y L_ A“:::n::-n: :::h:n-’mﬂ
e ey cis @ ug o o

Influence zones of open dumps in the

Uncontrolled landfills in the Peloponnese Uncontrolled landfills in the Region
Region and priority of measures of lonian Islands
-_ 2 = — . 1 -_
] it for eritin 3,0 [ S, 1 | ]
= ...—--’MS;‘&!._._ L : 2 =
= T T T . - i _E?F::_ "
= - =
] £ L]
» — e »
L] gy 3 X i L]
| § Fricrity of Twasuees o be taken oters mmasos o te SR PR . u
. . a5 gk -
= st cest e e {hu) 93,080 - 160,000 { =
- + Distirce rom the cosest riubited res.  + Distence fram sucfoce waters = Wasts s
T i sERCRAS B
B T Al e e
SRR oo
Sources Amenar, 2012, Anosogouos e o 7005 L Seurce: Amenae, 7012
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Landfill fire Quantities of waste disposed per

region in the beginning of 2012 (kt)

Urban"ir_wga of Thessaloniki |
 —

j Kelargaria PaQ9TM 5
4 - ’i' South degess
Thermaikos = Sl —
bai/ qu'aoa £
rages e, i
nr__; Ag. Parask .30;:&:3@ a il
Galatista ey ]
'\ Waste disposal si
Tagaradss_ b spos € - —
o' Ag. Paraskevi K Scholeri', .-

vt Mamdorsa wnd Thisew

Waste disposal site

» ] [ % 0 = = L]

Poes . =
F. o o Sotrol £ \y
e O
=g Pavios
H\"‘n_
e

Aot of wasse disposed in uscoetrabed Lndlils in the beginning of 2012 ]

K schoan ‘—“ Study area

— Source Ammar, 2012

\

A
-I.............-:- 'I.............-:' 'I.............-:'

Estimated urban solid waste
production and management

Number of uncontrolled landfills per
Region in the beginning of 2012

5 -
[T
+« .
C——
oo - There were no uncontrolled landfilis in

the Regicns: Epirus. Thessaly and

100¢ 2000 %000 A000 5000 000 "

..... production
Number of uncortrolied landhils in the begenneng of 2012

Source: Mnistry of Reconstrcton of Production, Envirenmen and Enengy, 2014 Seurse Minisry of Raconstracton of Produeion, Envicanment sndEnargy, 2014

Uncontrolled landfills in Greece in
Google Earth environment

Geographic Information System
inventory of 88 uncontrolled landfills

§ e Bl Administrative plans' hierarchy:
2 . a) excavationwithrecycling
(EA),
b) simple excavation (AE),
c) coveragewith photovoltaic
use (KF} and
d) simple coverage (AK).

Sourze: Arrenan, 1012
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Conclusions

Less than 100 open dumps of +  Future work:

E T §

Urban solid waste disposal
g dumpsites in Greece in 2014

ks = InMay 2014, out oftotal of 232 lsgal fanclels: municipal solid waste, are still GIS models should b
il + 78remained operational and used in 2015. They could be utilized for prioritizing and
2001 e— 58 ks ik | : ¢ s :
2003 E—— 6 * nmm:ghnclnisddwwnn?mpuw the firt target for excavation p;ﬁ:tfg?;ii?:rgﬁgd
T — with recycling. ) landfils with the use of
I i—— e || + Open burning took place in multi-criteria decision
0 —— 1 many dumps in regions, making metheds.
o0ty s prefectures and municipalities
war 6500

during the last decades and
materials as paper and plastic
have been burned and they are
not included in the mass and
volume of the disposed waste.

T

F 5365

ot 2000

w00 o o o s00m woo o

Soures Minstry of Raconsniction of Preduction Ersamament and Ensigy. 2014
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PHYTOMINING OF HEAVY METALS. FUTURE PERSPECTIVES

C. Tsadilas

- Ny

«@YTOEZOPY=H» BAPEQN METAAAQN ANO ANOBAHTA

XPIZTOZ TEANTHAAE

EANHNIKOZ FEQPTIKOZ OPTANIZMOZ AHMHTPA
INETITOYTO BIOMHXANIKQN KAI KTHNOTPOMIKQN @YTON

International Landfill Mining Conference Athens September 24-25, 2015 — ENVECOLIFE+ reclaim
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+ Ewoaywyn (Ta fapéa pétaiha oto neplBailov, ERUTTWOELS OTAY
avBpwmwn vyeia, pEBodol anokaTaoTaONG PUNHOHEVWY Ebaduwv)
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= 16wonTeg
« Duowhoyin
< Eién
Texvikeg putetopuing
AnoteheopoatikdTnTa
OKOVORIKOTI TE TEXVIKIG

&

o

L

&

@ Epeuvnuikd Sedopeva otov EAANVIKG XWpo
& Iupnepdoparo
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¥ Ta Bapéa pétarla oto neplpdiiov “5E

H punavon tou neptpaihoviog ano Papéa pétarha elvan éva coPfapd
MPOPANUE MaykOouLa eMBEWOUHEVO UVEXWE AOYW TN
auvexopevne Blopdnxavomolinoneg kol TNE Slatapayic Twy PLoxn ko
KUKAWV.

Ta Bapéa pétarha os avtiBeon pe Toug opyavikoUs pUMOUE Elval 1n
Bloanodopfopa Kol eMouéviug cuaowpelovtal oto neplBdaiiov.
Megw tou edadoug kal Tou veEpou petadEpovtal atoug Jwvtavoug
opyaviopols (Ploouoowpeuon) kat péow g PlopeyEBuvang
(adEnon g ouykévipwang and ta yaunhdtepa enineda g
podikis ahuoibag ota avwtepa) n ouykévipwor) Toug peyeBlivetal
o€ Tofikd emineda.

ito édadog £xouv Tofikn eMiSpoon OTOUE MLKPOOPYAVIOUOUC,
HELWVOVTIG TOV aplBpd Toug Kol T SpaotnpLotnTd Tous.
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- Ny

Mnyeg Bapewv petdhAwy

Me Bdion 1o poAo Toug ota PLoAoyikd cuoThpata TagvopouvIaL
(0104
DanapaitnTa (xwpic autd Sev eival duvatr n ohokAfpwon tou

BlodoyikoU KUKAOU Twv JWVTWY OpYaVLOLLWY) Kal
Opn anapaitnTa.

Anapaitnta Bapéa pétario: Fe, Mn, Cu, Zn, Ni.

Mn anapaitnta Bapéa pétarda: Cd, Pb, As, Hg, Cr.

Confl Athens Sep 24-25, 2015 - ENVECO LIFE+ reclaim

- Eniépaan Bapéwv petdhwy otnv avBpwmvn vyeia SE
(Aliet al., 2013)

Ta Bapéa petahha ewwépyovial oto nepPaliov and Gpuoikeg kal
avOpwnoyeveig nnyeég:
0 @uokégmnyée
= AnoocaBpwon opukty
= MdaBpwon ke natotewarn dpdon
» Atpoodaipikéc anoBigeig
o AvBpwnoyeveicnnyég
= Efopuln
Xprion yEwpykwy apuaKwy
Edappoyh Anaopdtwy (kupiwg duwodopikuy)
Edpappoyr thiog flokoyikod kaBapopod ot yewpyia
AndBeon thbog ong ywpatepie
Blopnyavikd andfinta
Atpoodapikéc anoBéaeig
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OLENSWTIKG stress PECW Tou oxnuanopol eAe0Bepwy poy. To ofelbwiikd stress
avodE peTaL oTov auENUEVD oXNUaTIoNd Spaotikiwy popduv ofuyovou Mou IEpav EVog
onueiow dev pnopei va avtpetwmodel and v evboyevr aviiofeldwikr duuva Tou
opyovLo |.lou ob n\rwwctq 3 B.\uﬁn 1| BavoTo Twy KUTTApWY,

Baptwv ota évivpa ko Suakonr Tng Astoupyiag Toue.

Napspnodife TNV ofsidwTikn  Ni Ahkepyieg, kapkivog
puwapopulivon (opoieTnTa NVEUHOVWY, gTopayou Kal

HE pwopopo) oTONATOG K. AN,
cd Kapkivoygvean, Pb Meiwpevn AveupaTkng
TEPOTOYEVEDT] IKaveTnTa, EAAEnpn
QUVTOVITUOU K.AN.
Cr An@heia pakhiov Zn Thiyyoe, eEavthnan
Cu Bhapec oo syképalo kal Hg Anwh=ia iooppeoniag,
aTa veppa anwhela pvAPng K.An
International Landfill Mining Conference Athens September 24-25, 2015 — ENVECO LIFE+ reclaim
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= SE

Arnopdkpuvon Bapéwv petdMwy and punacpéva edddn

Quokoxnukég MéBodoL kaBaplopol punaopévwy edadmv pe
Bapéa pétaia

oAnotédpwon edadwv

OEkokadn Kol arnopdkpuvan edadwv

onAbon edadwv

DZtepeomnoinon

DZtaBepornoinon

Neploplopoi:
=¥ihnhd kdotog
wMn avootpentéc petafoléc ota e&adn
mKataotpodr urpoyhwplbag ko navidog
wEvTanikr epvacia
Evarhaktikn npacwn Abon: Qurtoanokardotaocn (Phytoremediation)

International Landfill Mining Conference Athens September 24-25, 2015 — ENVECO LIFE+ reclaim

jad Dutoefopuén (Phytomining) ‘3@
(Entet al., 2015)

s Mutoanokatdotoon SE
(Ali et al., 2013)

I

QuTo-ekxUAIon Zuoowpeuon PETAAAWY aTr) guhheydpevn
(phytoextraction) FropaZa

GuTo-SiInBnon Adopeuon peTdhhwy and vepd ps @uTd
(Phytofiltraion)
duTo-grabeponoinom
(Phytostabilization)
duTo-eEaipwan
(Phytovolatilization)
PuTo-ancdéunon
(Phytodegradation)

Pifo-anoddpnan
(Rhizodegradation)

Meiwon TN KIVATIKSTNTAS Kal Tng SiodsqpomTas Twv
HeTAMAwY oTa £3apn pE TIg pides puTwy

MeTaTponr Twv pinwy ot sEagpolpevn popen
kal anehguBépwan oTnv aTudopalpa
AnoSdunon punavtay pe Eviupa puUTWY EVTog
TWWV PUTIKWV ITTWY

Anoddunorn punavTwy atn pildopaipa péow
HIKpoOPYaVIoU®Y Twv pifmv
duto-agalaTwor Anopdkpuvor aharwy and Ta eSagn PE Xprion

(Phytodesalinization) ahopliTwy
International Landfill Mining Conference Athens September 24-25, 2015 — ENVECOLIFE+ reclaim

Y

Dutoefopuén (Phytomining)
(Entet al., 2015)

Iynuarikd n putoefopuln
p AETOU OTO LUEVD
oyfpa:
*Amoppodnon Papewy peTaAwy pE
PuUTd UNEP-OUOToWPEUTES PapEwy
HETAAWY and ta ebadn.

AmbAnlin Ni keed t dutoeldputn

'anﬂui:cué: BlopeTaAEDHOTOS
(bio-ore).
*AMOANIN pETdMOU,

Ultramafic soil

Nickel metal
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i QUuTE UNEPCUCOWPEUTES XE
(hyperaccumulators) Bapéwv petaAAwv

hew framp hewt fiteam) H:-r ?
—. Drying _’ -\—’ N metal >99% Ni
dried bomass Imﬂll /
1-2%Ni ; A ———
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- 16L0TNTEG UNMEPCUCOWPEUTWY 3E
(hyperaccumulators) Bapéwv petdAiwy

H dutosdpuin eivar pia popdr putoanokatdotaang nou
Baoifetal otnv putoekyUiion (phytoextraction). AuTr n texvikr
Baoiletal o katnyopia dutwy mou éxouv T SuvatoTnTa va
anoppodolv LeYAAES TOoOTNTES Papewy HETAAWY Ywpig va
udiotavral BAGRN. Autd ta ¢putd eival oL Aeyopevol
unepouoowpeutés (hyperaccumulators).

Tiemubuwketal pe tnv dputoetopuén

H avdktnon epnopelolwy nocotitwy HetdAwy He T Xprion
dutwy and punacpéva ebadn.

International Landfill Mining Conference Athens September 24-25, 2015 — ENVECOLIFE+ reclaim

Ta putd avtd ouoowpeldouv Bapéa pétaria 50-500 dopéc nepLoodTERO and
o ouvn Bn duTd

Oplopde: Ta dutd nou propoiv va arnoppodioouv Bapéa pétaiha we eEig
(Verbruggen, et al., 2009):

wAu, Ag=1 mg/kg

+(Cd, Se, Ta> 100 mg/kg

Cu, Co,Cr,Ni,Pb,U,As > 1000 mg/kg

+Mn, Zn > 10000 mg/kg

Zuvteheotic Brohoyikic anoppddnong: > 1

Mexprorpepa éxouv kataypadel nepinov 400 tétow putd.

Owoyéveieg:

Asreraceae, Brassicaceae, Caryophyllaceae, Fabaceae, Flacourtaceae,
Lamiaceae, Poaceae, Violaceae, Euphorbiaceae.

ing Confh Athens Sep 24-25, 2015 - ENVECO LIFE+ reclaim
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Spct QUTA UNIEPCUCOWPEUTES
(hyperaccumulators) Bapgéwv petaAiwy

Tactor 41 {38.1%)
[, £ Cu, Mg P 2y

Eactor 13 (3LA%)
=

Ligncous phytomining crops Tropical Asia-Pacific regien
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Geochemical
Atlas of Europe

Part 1

Background Information, A y and Maps

DutoeEoputn — Aypoefoputn
(Phytomining — Agromining)
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Owovoutkotnta putefopuing/aypoefopuing

" . A inls
H dutoeEdpuln avabEépeTal O NEPIATUOEL BRI

kMt pyeiag dutiv oe BEang o Bioei dnou
avantiooovtal peteheuties Spaotnpuatne
kupiwe Ni oxonedovias oty aviktnon piow me
Snpoupyiog FOKOITAoUATO, ERTOPETLLY
MOTOTATWY PETEAAOU,

H aypocEdpuln npoteivetan yie NEPLOYES pE
vEwpykn Spaotnpudtnie of ebadn
NLALOTELOVET HE XpAAN MaEpayuysdmia yur
napaywy podipwy . It o neputtion
Bewpeitan okl evbuadEpoust n REpinTwon
ouyreAMEPYELRC HUTLY NOU Napayouy TpoGLIa
[y eMEC) HE uUTa MOU UREPUOVDOWPRELTEG
Baptwy petdhhwy (my. Alyssum).

Autd o ouvbuaopds Bewpeiton korddhnhog yia
v EAAGba, omy onola ta ebadn Adyw

auykevtpiroew Ni.
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H OWOVOLIKN GROTEAECHATIKGTNTA EEXPTATAL QMo TOUC MAPAYOVTES:

=T petddou oy ayopd

>ANGS00N KUARMEPYELRS PUTOU-UNEPOUOOWPEUTH BM

+haBeopotnTa yne yio kehAEpyewa UtV UREPOUOOWREUTWY BM
wAuvatotnTa Snuoupyiag Seutepoyeviv npoldviwy (opyaviké Andopeteo
HE auEnpUEVES CUYKEVTPWOELS BM).

Napadelypa:

Quto: Alyssum murale 1y A. corsicum.
Avapevopevn andboon 5-10 ton/ha Enpric ovaiac
NeplektkoTnta oe Ni: 2%

Anoboon ot Ni: 100 kg Ni/ha

Tyar) Mi: $15/kg, Akabdapioto éoobo: 1500 5/ha
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Avuvatdtnteg epappoynic dputo-aypoe§opuing otnv EAAGS

=3 ;'M

Asdopéva oXeTKNG Epevvag otnv EAAGSa

«H dutoetopuin pnopei va edpappooBei oe xwpous petarheiwy petd v
ohokhApwaon tneg efopuing Twy petaihwy

¥ EE xwpoug XYTA

v MoAhd and ta eAdnvikda ebadn Bpednke om nepEyouv vinAég
OUYKEVTPWOELS opLopévwy Bapéwy petdhlwy, drwe iy, Ni Adyw npoéhevoric
Toug . e nodhéc nepuntwoets oL ouykevtpwaelg Ni unepfaivouv g
ETUTPENGHEVEG QVIITEPES OUYKEVIPWOELS amo T vopobeoia yua v ebappoyn
hbog Brodoywol kabBaplopol ota edadn (75 mg/kg £5.) (Tsadilas et al,,
2015)

< Meydheg EkTAOELS TNE Ywpag kahkUMToVTaL and jun napaywykd edadn
kethAepyoupeva pe avBektikés kadMEpyeles, Omwe n elud.

« ZE QUTEG TIg Reptwoet; unopel va SoxpaoBel n ouykahhépyaia dutwy
unepougowpeutwy Ni (Alyssum, Leptoplax, Bornmuellera) pe ehigg

Confl Athens Sep 24-25, 2015 - ENVECO LIFE+ reclaim

i X

-

IYMMNEPAZIMATA - NPOONTIKEZ

MeAETn SuvarotnTag tou Gutol
canola vo dpa we puto exxuloTic
Bapéwy petdhiwy (Tsadilas and
Shaheen, 2013)

Ze ebadn ota onola npootédnke i
Prodoyikou kaBapiopot
avantiyBnke canola —ehawokpappn-
kol SiepeuvrBnke n anoppodinon
Papéwv PeTdAAwv. BpéBnke:

To ¢uto canola aténos to Adyo g
Proouykevtpwang (bio-concetration
ratio) ( ouykévipwon pet@hhou oto
dutdfouykévipwaon LETAAAoU oTo
£8adog) onpaviikd.
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Av ka emiotnpovikd kal oL Sue texvikés (phytomining-agromining) éxouv aflohoynBel

Kerd tig rehevtaieg 600 dexaetieg, npokeuévou va eduppooBolv otnv npain npéney
va SokipacBoiy and ) Propnxavie oe peydhn khipako.

‘HEN éxel karareBei oxetikn navévin (Chaney et al., 1998}, n afloddynon g onolog
Ba SwoeLtn SuvaTatnTa aflohdynans TwY EMOTRHOVIKWV EUpRUaTWY g kALK
napaywyic.

H pn edappoyn g aypoefdpuing oe peydhn khipoka, odelhetar oty éAdeupn
EVIUEPWONG KoL PEMEL QUTO TO KeVO va kaAudBel éykonpa 15iwg yuo peTaihe
onwg e Ni, je To onolo eivol epmdouniopeva morhd eMnvikd ebddn.

Mia peydin npoondBeia evnpépworn Twv evBiadepopevwy (Blopnyavies, unnpecieg
napaywyous KAM) MPENEL va apyioel T0 OUVTOMOTEPD.

H EMada npoodepeton yuo avantudn autuy Twy TEQKWY Aoyw Twy edaokAipaukwy
ouvBnKIV TG .

Landfil Mining Confe Athens Seg

24-25, 2015 — ENVECO LIFE+ rechaim

EYXAPIZTQ A THN MPOZOXH 2AZ
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RELIABLE REHABILITATION OF UNCONTROLLED DUMP SITES

K. Hadjibiros

Athens 2015 International Landfill Mining Conference

Reliable rehabilitation
of uncontrolled dump sites

«  Kimon Hadjibiros, 24 September 2015

= World: open uncontrolled dumping of municipal
waste

+ Greece, last 70 years: Thousands of
uncontrolled dump sites

= Greece, last 20 years: many projects of
rehabilitation

A generally accepted principle

= In waste management regulations: aftercare (or
post-closure care) has to be carried out until
landfills or dumpsites no longer pose a threat to
human health and the environment

Landfill aftercare activities should include

« Water sampling and analysis of discharged rainwater,
collecting and treating leachate, groundwater and
surface water monitoring

+ Measurements and visual inspections of settlement,
slope stability and erosion evaluation, quality of
vegetation, groundwater levels, visual inspections, gas
measurements and analyses

+ Cleansing and maintenance of leachate drainage,
piezometers, monitoring drainage water

+ Maintenance and operation of landfill gas extraction,
utilisation and treatment systems, wastewater treatment
plant and/or discharge systems, vegetation and cover
repairs, safety, accessibility and other maintenance

Environmental reliability

» No toxic substances in the environment

= No pollution of underground water

= No greenhouse gases in the atmosphere

= No erosion

+ Natural landscape, vegetation

+ Monitoring of qualitative, quantitative parameters
« Reliable maintenance of technical infrastructure
+ For 30 years at least

Basic requirements for closing an open dumpsite

= Providing final soil cover, vegetation layer,
drainage control system, leachate and gas
management systems, monitoring systems and
site security (aftercare programme)

+ Re-gradation of site slopes, capping of landfill
with impermeable cover, placement of leachate
collection and treatment systems, installation of
landfill gas collection and flaring system,
aesthetic landscaping of the closed dumpsite

+ Three major design elements: slope stability,
drainage and gas controls

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy
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Usual rehabilitation projects in Greece

Are compatible with these criteria?

Probably only with criterion 5

Often the dump cover is poor or sporadic and a
walk over of the dump area provides visual
information on the type of waste

Low cost projects

The biodegradable components (food and yard
waste) generally undergo anaerobic degradation
in a closed dumpsite

.

.

.

.

Toxic liguids and greenhouse gases

Leachate: water (due to rainfall, surface drainage,
groundwater, etc.) percolates through solid waste
undergoing decomposition

Contains dissolved and suspended materials that may
pass through the underlying scil and contaminate
underground as well as surface water

The decomposition of the waste brings about the
generation of gases, mainly methane (about 50-65%, 21
times the global warming potential of carbon dioxide)
About 5-15% of the methane released to the Earth
atmosphere is related to waste dumping and waste
landfilled

For many years..

Gas surveys are necessary at most dumps
This should be completed at least three to four
times per year

Ground water monitoring is necessary at all
abandoned dumps

The long-term effects of settiement, gas
emissions and leachate production require
aftercare measures for a closed dumpsite long
after (30 years) ceasing operations

Informal scavengers/waste pickers at the disposal site

A potential threat

They could be formally hired in a Materials
Recovery Facility since they are efficient in
waste segregation

.

.

.

.

Mining

Landfill mining: process of excavating existing or
closed solid waste landfills or dumpsites and
sorting excavated materials for recycling,
processing or other disposition

Operations to free new landfilling space
Producing recyclable materials

Extracting polluting substances

Dumpsite mining has been used throughout the
world since 52 years as a tool for sustainable
landfill siting

Landfill and dumpsite mining

Rehabilitation: a set of activities for re-
establishing the productivity and business value
of rehabilitated land

Advanced environmental policy
Sustainable development
Material flow

Cyclic industrial economy

Reduced integrated cost (avoid environmental
cost, costs of landfill closure and post closure
care and monitoring)

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

44




reclaim

LEC|IIL

ATHENS 2015 International Landfill Mining Conference
Photos-Material-Minutes

Athens, Greece - September 24-25, 2015

MECHANISMS OF STABILIZATION/IMMOBILIZATION OF HEAVY METALS IN THE
GEOENVIRONMENT

D. Dermatas

Mechanisms and Speciation in
the Geoenvironment

by Prof. Dimitris Dermatas,.
National Technical Um\l‘l’SIl\‘ o

® Why bother with heavy metal immobilization
mechanisms?

m Which are they?

= Examples

= How to delineate them?
= Application context

= Bottomline (S vand conclusions)

vaf Symposlurm and Assnusd Mesting of the K5AB 1/IA 21T

® Great number of contaminated sites (~300.000 in Japan, ~500.000
in US, ~ 3.000.000in E1)

® Very high remediation cost (1-2 trillion USD only for (-20)

m Perspective: Arsenic groundwater contamination 2™ (to starvation)
threat according to UNEP

® Assistance in prioritization of sites to be remediated
m Extremely costly to get it wrong!!

® Long-termremediation performance

wtiomai Symposurm and Al Mering of the KSAB 1242015

= Macroencapsulation and Microencapsulation

u Inclusion (crystal or amorphous)
= Sorption (adsorption vs. absorption)
= Precipitation

® Detoxification (biological or chemical)

®  The most recent global shift to remediation approaches based on risk
assessment, makes it clear that total analyses (TA), Toxicity
Characteristic Leaching Procedure (TCLP) and other conventional
gevenvironmental tests are no longer sufficient as an adequate
knowledge on the prevailing immobilization mechanisms is now
required

= This underscores the significance of using state-of-the-art
£ i tal characterization aiming predominately in
obtaining a deeper understanding of the solid state speciation of
contaminants, and thus their bioavailability, in the geoenvironment

® Predominately physical mechanism

= Microencapsulation
u Chelanon (chemical) 1s mainly wsed i water decontamnanon
applications =* very rarely in soils

= Asphalt & other non-polar organic emwlsions (physical), Mamly prevent
HM from dissolving m water

s Rubber tire and Hg (Meng et al., 1998)
= hacroencapsulation
» Containers

n Landfills & Impermeable Verncal Barriers

vaf Symposlurm and Assnusd Mesting of the K5AB 1/IA 21T
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= Mainly a Stabilization Solidification (S S) mechanism

= Formation of pozzolanic products (CAH, CSH, etc.) during S 'S
applications (cement, lime, fly ash, etc.} (Dermatas & Meng 1995;
1996, 2003)

» Isomorphous substitution = Incorporation into the product
crystalline structure: Cré* substituted ettringite (Dermatas 1995,
Chrysochoou & Dermatas, 2006)

= Incorporation into amorphous (gel-like) pozzolanic products: Pb in
CSH gels (Dermatas et al., 2006)

= Absorption = via cation exchange in reactive clays: Cr and Pb
substituted montmorillonites (Dermatas & Dadachov, 2003)

® Adsorption: in natural envire ts onto mainly amorphous or
fine-grained oxide and hydroxide surfaces (e.g., iron, manganese,
etc. )

® Adsorption: in remediation applications onto mainly fine-grained
(lately nano) active surfaces.

8 Adsorption examples: As onto iron oxides (Dermatas & Meng,
2004), Pb onto Ti0),, fishbone, biochar, etc.

= As immobilization by calcium-arsenic precipitates (Moon et al.,
2004)

= Cr? immobilization as hydroxide precipitate (Dermatas & Meng,
2003; Dermatas & Moon, 2006)

» Cr* immobilization as barium chromate precipitates (Chrysochoou
etal., 2006)

® Pbimmobilization as pyromorphite precipitate (Chrysochoou et al.,
2007; Dermatas et al., 2008)

= Done in the lab but sampling (i.c., field) is important

= Determination of geochemical contaminant speciation is the kev

10 Y

m Heavy metal r et iy ot i
waced to a failure fo gualitatively amd g
contaminant speciation regime

ies are mainly
titatively recognize the

w  Comtaminant speciation, i.¢., the L)h‘ysicochemjcai state at which
the e i exists, ult dictates the degree of
contaminant inmmobilization and thus its release and bioavailabilty
into the geoenvironment (USEPA 1999a; Dermatas et al. 2006b

1

= Chemical Reduction of Cr®* to Cr**( Dermatas et al., 2006; Moon
etal., 2007; Chrysochoou et al., 2008)

® Biologicalreduction of Cr®* to Cr* (Chrysochoouetal., 2011)

= Extracellular reduction of uranium via Geobacter conductive pili as
a protective cellular mechanism (Cologgi et al., 2011)

10

® Chemical form of contaminant

= Valence

» Crystalline structure: amorphicity
= Chemical formula

® Physicochemical association between contaminant & soil-water
= Sorpnon {extraction tests and 1sotherms: both problemanc)

= Solid solution, Le., crystal or amorphous nclusion (XEFPD; SEM-EDS;
EPMA)

= Sediment hydraulic propernes (#or speciation but sull needs to be
considered)

12
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® Reliably evaluate public health risk associated w . HM
contamination

® Delineate mechanisms of contaminantrelease and ultimate fate
under specific exposure environments

® Bioavailability=f (release potential)={ (speciation)
® Provide with context to leaching release extraction tests

®m Provide withreliable basis for geochemical & groundwater modeling
to be relevant (realistic)

m Provide withreliable environmental forensics context

13

@ Traditional geotechnical analyses (e.g., particle size distribution, 7, w . ¢}

@ Physicochemical analyses (e.g., pH, TA)

@ Controlled pH extraction tests ( 7CLP, Synthetic Precipitation Leachmg
Procedure, SPLP, Sequential Extraction Test (SET), etc.) coupled with

@ Quantitative mineralogical analyses (.U-ray Powder Diffraction, YRPD
combined with Rietveld Quantitative Analvsis, ROA)

@ Micromorphological (Scanning Flectron Microscopy: -Enﬂg{
Dispersive 5 t?logco{ py, SEM-EDS and - or Electron Probe Micro-
Analysis, EPANLA) and other contaminant speciation s (-Ray
Absorption \eu.r» fee Structure, ANES and/ or Extended X-ray
Absorption Fine Structure, EXAFS or other newly developed techniques)
should be used once a more in-depth assessment is required

JEUOnTpETy

LEal-o-aes

w  High fines content = availability of soil sorption sites = contaminant immobilization

L] Md’ﬁu#mq’:ﬁy-}omuwnm(fdd:pmandom nclayandnun
reactive fines that would likely not significantly affect ¢ i ng)
the fine fraction (Mitchell 1993).

= Soil mineralogy (XRPD) = verify and quanufy the presence of active :Iars and amomhaus
and/ or poorly crystallized metal oxides and hydroxides that would
immobilization (Dermatas et al., 2006a) -+ XRPD.
distribuc i

=R : Fo s

be. andusua]h'ue, -—rlmmdwnmewwk
example provided. They may i ive and/or ¢ Is such as
XRPD with RQ4, SEM-EDS, XANES, EXAFS, ctc.

n Comtans iation =+ eliable input o g {e.g, PHREEQC and MINTEQ),
10 evaluate whether the system is at equilibrium or ransient and to ereate different scenarios
and project how and availability, will change with me =

15 sustainability

atingof the KB IS

P 7
*
- \ ] 7
i | /
il A 17
s R =
™

e
m-““‘“r*-""":aﬂ;";“ HEBET gt
=70% of the total Pb 1s present i the gravel fractuon m B3 soil and
+50% m the surface BT sl
17 - “cushioming” effect due to presence of clay

afingof the K5AB T

Treatability studies * Geochemical modeling

: Y\ /\ A
- \VANEE:- N
ol /AN \
N /A

ot o o e et

PO L ,QAQ PR

+=50% of total Pb present in the fine sand and clay fractions (<0.425 mm)

+-= use of high velocity weapons leads to significant bullet fragmentation

+Use of angular sand to construct implies ricochet effects that, in turn, lead to a broad impact area
surounding the berm

atingof the KB T
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Raerveld method:

*Producnion of a synthetic X-ray
Dhffraction pattern to march the
experumental as closely as possible

*Least-square fitting algorithm for
residual function

detpacing (3 *Rarely used for mulnphase systems

Rietveld produced XRPD T because of pattern complexity

plotfor an SAT-GE sample

Is the ONLY stanstcally reliable
analysis method 1o determine bulk

mmneralogy

Two tvpes of crystals wdentfied

1. Large crystals { > 20 pm diameter)
Form mostly on rums of nodules
Perfect basal cleavage
Only Ca, Al and Cr in approx. 4:2:1
stolchiomerry

caC

(=

. Small crystals m mterior of
cementing matrx Some
with basal cleavage
Extensive Mg for Ca substimution
Mixed amions S (sulfate), C1
(chlonde), Cr (chromate)

hydrotalente-like compound

21

B

-—
' surtived m the CS +
| sample
s Low-content
Cr(VT) remamed
mtact n FS BUT

most successful

- sgojm v
High Cr{VT) compounds (dark spots) were
dissolved by both treatments

BUT sigmificant residual CriVT) in both samples

20
B N -
3 @
1

£5) 2

2
CAC-hound Cr(VI)

Matrx-bound CrivI)

__, CACarea
Accessible to
chemicals
{acid, sulfate)

“-‘-""'--—--v—-~--.._.L
= """'“-—-—--a‘\-.._ i

Rl 5 AAR

o N AL

I KRPDpamerns IJ.i-.:\NC residuesat

]jH\_;] various pH values
r(VI)
1 Hydrotaleites are stable at
released
lower pH values
ACCess 10 Cemeniing matrix
| | for acid or sulfate more
PR difficult SLOWER
RELEASE

RELEASE

£
CrVT)both on rin and
mterior of nodules

Fs
Cr{VI) only mn nterior of nodules

24
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(=
16 is
14 16 Il.ll
; 12 o | 1
12 |
1o IAVA e
I Bl A
s i =
o —r5a s —GB2-7
os 13 —F50
0z CrioH3 E:': L
Cr{ND) F areimydrite —cheomite
00 o0 -
S0 000 w020 00 060 EORD 5980 000 020 6040 B0E0 080
Energy V] Eeey (ov)
Co-precipitation of Cr(IIT) with Eesidual chronute i all
Fe(IIT) in the F5-treated sample samples
Cr{OH}y 1n the S sample
25

a" .—‘Fﬁ

W i

26

BM

| 1)

&Mﬂm
a2 1 e
d-Scalih)

Physical or chemical inclusion
of Cr(VI) in parent unreacted
brownmillerite

PRRD of FS pont

» Sampling undisturbed. disturbed =
m Agleast preserve sample-based laverg profile

m Avold cross contamanation (1s this really possible without associated
major cosi?)

s Lmmitatnons are cost-assocated (oo many

samples), cross
contammanion, sample preservation-—» E

[ opportumties
= Penetranon tesung (CFT, SPT, ew.)
m Hel

m Instrumented wath sensors for non-destructive (MDY testing (smmlar to
down-hole survey). hMayor lmitanon 15 mechanmical disturbance of
sediment

wely mexpensive and fast provide with continuous record

27

Plot of Lead Concentration From XRF Field Screening

29

28

= Geophysical:
s ND, mexpensive but cannot be used alone (that's the major limatation)

n Meed more RE&DD to establish link berween geophysical & waditional
(sampling & testing)= R&D oppormunities

s Sulladvocate combmanon of geophysical and radional
= Other non-destructive:
n Field XRF screening 15 an excellent tool

a Mewls
hole 5

er-based (hmuanon of depth of penetranon field: good for down-
ey)= R&D opportumties

® Very high emergence rate of new technologies!! E&D opportuniies

30

: Needs to be dardi

d especially for XRPD, EPMA, et

= Sample prep
(ASTMD
w  Material charactenization analyses (fraditional mostly geotech, XRPD-Rictveld,
SEM-EDS, EFMA, etc.)
® Need to accurately and reliably establish standard error involved across d.lﬁclcnl
samples (same medivm) and then across media = Tt
QA/QC has been overcome by sample vanability issues

Traditional batch, leach/extraction tests (e.g., SET, etc.) = Problematic as
contaminant speciation is altered during the test

= Batch adsorption isotherm testing lamps sorption and precipitation together
= SET tests are case-specific
®  Acid-based leaching/extraction tests are problematic for oxy-anion testing

w  Total analyses non-reliable either due to strong mineral associations or presence
of reductant/ treatment agent, etc. that would alter the contaminant speciation
during the test
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- em:‘gy s ]t netraton field Synchrotron-based,
1&,%5 rayA S i

nnn ear-Edge Spectroscopy) or XFS(X-ray
Huorescmoe Spectrosco rE)

= Example AD results versus XANES results
wu Difficult to gain access
[l )G‘Sisdiﬁicultminwrpmt{anfom)

N ower energy = low SPT: eug Time of Flight, Secon
O‘ﬁ'!. OF-SIMS}, XPS, others usually laser-based = 200 t‘or
Ysurface (1-10nmto mol monolayer to sub-atomic penetration

[ Need to “ground rruth them” w.rt. XANES and more raditional analyses
u A great (if n(kzge!)‘gc?re of unresolved issues = oppormunities for

31

Table 1: Total Cr(VI)in six treatment plots as measured by X ANES and alkaline digestion (AD)

® Link of measurement to pathway to receptors?

= Reliability of measurement

= Sample variability & variability in general

= Point-in-time measurements = changes with time
m Public perception of risk (politics)

® See the tree but miss the forest? (COPR Ba-treatment, use of flyash
or CK.D or fishbone or red mud, ete. = waste combination)

Sustainability? (Phosphates and Pb)

32

ol and Anusd Mes g of the K55 WA

Femoussulfste  CiVI) XANES eriv) Ratio (NANES-
i {mp/kg) AD{mg/kg) LLoL .
dosage  Sowiw*
HEM-5X 2100 1240 T
HREM-8X X 32 1848 1260
VA-SX ((-2m X 51 138 154
VA-5X (2-4m X 3B 1685 460
PUG-SX X 32 1116 384
PUG-8X X 51 1656 421

@ XANES of 5/5 chromate waste < alkaline digestion (AD) results underestimated
the total by a factor on the order of 1.5 to 4.0

@ Reasons for this dis may be that residual ferrous reduced the liberated Co(VT)
during AD and/or that 1) was not 100% released from the solid during AD

o between XANES and AD vesults tenders AD wureliable &Ww
wlle?ria o fermous-treated chromate waste (Dermatas et al. Moon et
200

[ Wlthomdgﬁmnwhmﬂdgvg" mfammdnf speciation arnd

bilization mech diation treatment design becomes
unreliable in attaining lomg-term treatment goals in terms of
performance and overall sustainability

® There have been many cases where remediation treatment that
appeared to be initially successful, ended up failing in the near or long
term (Dermatas et al. 2003). Moreover, lack of knowledge on
immobilization mechanisms often leads to remediation over-treatment
along with the associated waste of energy and resources

35

The use of EXAFS clearly
demonstr?ted that th; sttecess and
sustainabilin ) i fhirre as |

a Best ‘ifmaigm{'ﬁ’nuf .ﬂhﬂ&p
(USEPA, 2001) 1n fung range soils
and other Pb contaminated solid
media remain guestionable

| | | EXAFS (the only reliable method 1o

o 5 ) " ® = Ldem:fy and quantify Ph ?;:cialicm
N of wdios m this case} wed that

conversion fo pyromorphife in m-si

weated soals was Jess than 45% after

32 months (Chrysochoou et al. 2007)

Distribution af critevia and wethods wed to evaluare
meatment performance in treatabiliny and field stidies
1Clrvsochoon et al. 2007

34

sl and Annusl Megfing of the K5AB T

o MewX.fu Dﬂ“ﬁ“ﬂ? ]”w :HI v?s-?ms ( Menty 1)1 Coamtmtocend St wih Ui Too Rette?”, Jrrnslof

Rl e e e R Sl e e i

Dematsdt, D and Meng, X (1 Leaeni Béus Poatarisl”, hnmorative Sl Remediation and
- |m eng, Ul%x g Broroced &a Techmotegies for

ASCE, Hew V’GIHW "

* Do, D (1995, 0 u Review, ValuEne 4, Nuesber 10, October 1935, 59
* Do Dt Moy, X (15 Semn 15 iy b Contamia S0 3 Means '3 Quickime St Twmens
i M j,%‘
S e o e eies o g R e W, ASTAUATH 1, e e 2
= mrm.vu ws-«‘;;‘i}w‘ s
®  Dermum, D ““%ﬁﬁ?"#m&ﬁfﬁ““”‘“m " Clobal Newt (Ewrirommentel Srivace and Tocknolagyi the
* YenDd Dmnl. o et %ﬂ% prssbanon sy s e Peusaes i Lime T S e Seone ofhe

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

50



ATHENS 2015 International Landfill Mining Conference

> -

reclaim Photos-Material-Minutes
LeC|IIW

Athens, Greece - September 24-25, 2015

 Megey DL (1006), O 5 o i Y rpincering achioou M., Dermatas D., Grubd DG, (200T), “Phrossihete £zl ing Rexp i iome The Lnitrar
X nmi&&-ﬁzmﬂ a.xa.Nm.pp.meemw d é’a&‘.m&'&mm%&a.1-{1:Nn_|-i,w|-r4.lrnzm
st 1., D D. D H., French C, Moris ] and i b (2006), * - Drermataz I, M., Gk D, Gy 2 X, (2 Pk i Py flasticm or Prefease?™,
R R e e TR QR 7 VR TR g e
Drermatas [, Mesounou M, md Meng X, (20063, B fPB tr Thesatnd Sedls, 'y Cheyieschioo M., Mo DUH, (2008), “Grorme Choscterizanivn to Ase e i
. Chn‘-‘;ﬂn-ix«mlﬂl}.w.[u&),’zm * _'f‘ nw&dnﬂb‘@&.éﬂmmﬂknﬂ:ﬁ:m.&ummﬁ
Publication [77, March 2008, pp 660641,
M. ard D (200€), “Evalusrica i m-mw' Pwlﬁ' He el frroicbiliegivn:
. Liseratare R ﬂmﬁﬁ"mmm iar, Vol 136, n.’ﬁwﬁ.wm . lmmLwamuuD.LMmy.g’mmuetc.{zmmmdwmhmﬁw
ASCE, ip cation
pay ; 7, PP 148755,
- MuuD..MG..WM,Gn&&D. .Ma?.(mm'ﬁ&www&whﬁwrmkw v b
Sy, el of Hamir dows Materiab, Efievier, Vo, 136, Ho. 1, ‘Auagait 3005,
s S eenil Niieeh G L Sl e e S i e
Drersnatas I, Cheys DIH, G DG, Wasre ML, Christodsdator C. (1006}, “Birinphr- Hesor e e . T
. ?é\:asi:'a- 1”'5 s mw*’mm'fmws:ﬁ*gﬂmdﬁ it gy 0 oy o o
wber 15, . ochoou M, Moon DAL, . ared Cheimodond " (2009, "V
) " %‘ e 13 Ak YD i OO Gt Wt e Fbwbons oo Vot 1300 e TSR,

M., D D (2007), *% a: Riervetd M Az Chorormiaen i Olwrarmite Ore
QU i A S s O S R A T S T

* Chrpochomudl, Bhngil wd Amador 1 1011) Arrobic e Dheedcs ini Seil
* YomDuIL, Ve M Dermmas D, Chiodntcos C. Smcbes M, Gritb .0, Choprachomut, Kim 1.0, SHENTVSIMRRDN VS
LU (6T TEEINCAL TS ”W Foid W s (COPR: ‘w e, i v L o " =
W Vel 143, s BIREMY, 17,2007, oggs DL, La 7k 5y Speeren AL, Kellyd 5.0, and Boposraa G. (2011, "B " it vl
e - R e i ke ke i B G e e ?r(u.ﬁ TOCTOT e 1 RS CA TR,
ar 38 Frocending of Natioval A5, Sep 101

g ot the KSAEK aAfins 100t Itermationsi Symposiurm and Asnus Mesting of the KSAB

39

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

51



ATHENS 2015 International Landfill Mining Conference
reclaim Photos-Material-Minutes

Athens, Greece - September 24-25, 2015

FROM BROWNFIELD TO BRIGHTFIELD. REVITALIZING AND RE-POWERING DERELICT
LAND IN FLANDERS

Eddy Wille

Outline of the presentation

» Industrial activities and soil contamination in Flanders
» Frameworks to remember

» ‘Multi” as a key to sustainable solutions and results

» Brownfield redevelopment and revitalization

24 - 25 September 2015

= senior advisor

f Flanders), negotiator & i : 7\ Flanders R HORE BEAUTIFL!

n (& State of the Art OVAM
Industrial activities on regional Industrial activities on local scale
scale (Flanders) (Ghent)

Mapping historical activities.
=, Ferraris map 1776
® , e —— .

O @ W \

g 0 38 = = g

o : 7 2 % % 3 “ ;
v o #£ »

Land Information Register (OVAM) :

= Approx. ca. 34.000 locations investigated; approx. 2.700 remediations completed; ’ ) X/ 2 g 5 S
= Estimated risk locations : 85.000 (12.000 sites potentially require remedial actions);
= Links to industrial axes, harbours, mining areas.

ex-o0zegp

Industrial activities are situated nearby the historical city center. Eg former gasworks are close
to the border of the center of 1776 and in the vicinity of waterways. Currently embedded in
residential areas. ¢ HER WE

o oits el SRS OVAM
Framework and objectives on soil Industrial activities and remediation:
remediation getting started and searching dynamic processes.

Legislation
Soil Remediation Act of 22 February 1995
Soil Act of 27 October 2006
Aims of the Soil remediation Act
To deal with soil contamination that has taken place in the past, over a period of 40 years, starting
in 1996

To prevent or immediately remedy new soil pollution

Tiered approach :

investigating the problem Closure and remediation of a former

risk analysis steel cokes manufacturing plant. Full
design of a remedial action plan demolition. No conservation due to
tendering high pollution (PAHs, heavy metal,..).

executing the remediation works
Monitering / aftercare

" Flanders ?(“ Flanders
State of the Art

State of the Art

=
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Industrial activities and remediation.

- more than 3.000.000 soil certificates are delivered
+ 34179 preliminary soil investigations are evaluated
+ 12.548 descriptive soil studies are evaluated

+ 4.494 soil remediation projects are approved

-+ 4,085 soil remediation works have been started and about 2.785 have
already been finished

Flanders 2370912005

State of the Art

Brownfieldcovenant Ac
March 22, 2007 -

Definition of brownfleld :

former abandoned or under-used industrial site
(perceived) soil contamination

redevelopment is a complex prooess

active potential for reuse

Advantages :

single contact. point (Agency for Entrepreneurship)
negotiator appointed by the Government

guided participation process

integrating multiple governmental permits
follow-up and monitoring by steering committee
tax reduction (10%) at. land acquisition

no finandal guarantee on sofl remediation
covenant : signed agreement

Results (September 2015) :

6 calls -» 146 proposals introduced
* 70 signed covenants

* 1250 ha redeveloped

7( " ' Flanders
State of the Art

Multiple aspects to manage:
the quadruple helix model

The success of realizing complex projects such as town redevelopment and
brownfield revitalization depends on the effectiveness of the integration of
various parameters. This consists of a stepwise process of connection, building
awareness, need of urgency, mutual trust-building and learning.

The Quadruple Helix is a user-oriented innovation approach and suitable for our
purpose. It symbolizes the interlinkage between multiple aspects and encodes the
instructions for a successful future.

» the Quadruple Helix model encourages to reflect on multiple possible dynamics

in various systems; /_

» collection of potentially relevant data;
» bringing stakeholders together,
» development of relevant indicators.

(¢

Flanders ssjonfais | Ve GEAUT L)
State of the Art OVAM

Industrial activities and remediation.

General conclusions:

= particular large contaminated sites were selected and a specific remediation

programme was developed (mines, gasworksites);
= focus on the contamination and the remedial actions / cleaning;

= first steps to an integrated approach by combining soil remediation and the

redevelopment of the site;

= limited interest for the site in its broader spatial, economic and societal
environment;

= limited multi-actor governance and essentially restricted to environmental
issues and public actors (environmental and scientific steering committee
installed for coal mines);

= brownfields remain often unaddressed and have adverse influence on
neighbourhood;

= recommendations resulted in a specific legal instrument on brownfield
redevelopment in Flanders.

Flanders AR T MA

State of the Art

AEAL

Governance and roadmap to
redevelopment

The Regional Brownfield Committee {RBC) of Flanders plays a major role in policy-preparation

and negotiation of brownfieldcovenants. The REC is assisted by 3 negotiators (appointed by the
Flemish government, March 2009). After approval and signing of the convenants, the negotiator
become chairman of the steering committee.

Roadmap to brownfleld redevelopment :

Call for projects (RBC);

Evaluation of proposals (governmental agents);

Official publication of project zone (Belgian State Journal);
Negotiation phase of individual projects (projectplatformi;
Public information sessions and publication on website;
Covenant signed by Flemish government;

Steering committee installed to monitor implementation

?(” Flanders

State of the Art

Multiple aspects to manage:
the quadruple helix model

Multiple Stakeholders | | Multiple levels |

s Y BRI
‘ Multiple disciplines %

B

Flanders 3/08/2015
State of the Art

(¢

OVAM

& Multiple timeframes
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Multiple aspects to manage:
the quadruple helix model

Multi-actor
governance:
creating added
value and realizing
mutual objectives
and interests by
interlinking and
integrating multiple
demands and
policy-interests.

7\, Flanders
State of the Art

From Brownfield to Brightfield.
Terranova project — Harbour Ghent

Former fertilizer production plant;
Bankruptcy in 2009;

85 ha of gypsum waste landfill;
Height : 30 - 40 meter:

Approx. 25 million m? of waste;
Hydraulic transported to landfill:
Pond containing ‘water’ at pH 15;
Recent ponds contained by HDPE;
Total landfill hydrogeological
isolated by pumping system;

* Precautionary measures by OVAM;
Brownfields redevelopment
started after acquisition in 2010.

.

7% Flanders /03201 | 15 o i
(&

State of the Art OVAM

From Brownfield to Brightfield.
Terranova project — Harbour Ghent

i R ]

7 Flanders
©

State of the Art

Integrated approach on a site and

%" Flanders
(¥

State of the Art

The total project s split in to two autonomous projects:

Project CR*

-40ha
Soil and groundwater remediation
Sediment treatment center
Redevelopment and sale of the site

Project Terranova
85 ha

Groundwater remediation
Landfill
Solar energy plant

From Brownfield to Brightfield.

Terranova project — Harbour Ghent

(8

NOV 2010: LANDFILL OPERATIONS IN NORTH CELLS

Treatment of acid water

Flanders
State of the Art
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From Brownfield to Brightfield. From Brownfield to Brightfield.
Terranova project — Harbour Ghent Terranova project — Harbour Ghent

Construction of a 16.5

MegaWatt/year Solar Energy

Plant :

+ 56.000 panels

+ average consumption of
4,000 households

Capping, installing drainage, final cover

TOGETHER W
VAKE TOMORACHY
?(“ Flanders 23/09/2015 | 20 MORE BEALITEL

7\ Flanders 727037205 | 15 ~ORE BEALTIE L
State of the Art OVAM State of the Art OVAM
From Brownfield to Brightfield. From Brownfield to Brightfield.
Terranova project — Harbour Ghent Terranova project — Harbour Ghent
b il : i Multi modal site:
- Waterway,
« Highway;
33.000 screw pillars + Rallway: o
each of 12 meter * High pressure plpelmg LNG;
lenght. + High voltage power line.

MAKE TOMORROW
ORE BEAUTIFL!

7. Flanders 7\, Flanders 231097208 | 2 :
( State of the Art (& State of the Art OVAM
Brownfieldproject Eilandje - Ghent Brownfieldproject Eiland - Ghent

- vicinity city centre of Ghent;

- multimodal access;

- motorways E40 and E17;

- Scheldt river, canal Ringvaart;

- connection with harbour of Ghent

e — . Redevelopment as research
’ = 2 Former landfill site _ park and logistic facilities (35
% g < ¥ 4 Remediation method: containment ha) eombined with new park
' N Y o 1 area (12 ha)
~d ; Redevelopment opportunities o E |
T
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The La Floridienne-site is an abandoned industrial site of 10 hectare at Ghent Harbour. Till 1960, the company
produced metal salt such as zil and ide. but also i Soil and were
heavily contaminated with arsenic and cyanides.
The remediation plan was a combination of contail and gr
important part of the vertical barriers were also functional as a quay of the new dock.

treatment. An

Flanders ‘,
Thanks for your attention weorue s
and enjoy the coming sessions

Eddy WILLE, negotiator & representative
Flemish government
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INTERCONNECTIVITY AND THE FUTURE OF WASTE MANAGEMENT

A. Mavropoulos

18-WASTE'

for E‘ eryone

Antonis Mavrapoulos, CEO & Founder of D-Waste, ISWA STC Chair

Interconnectivity and
the future of waste
management

Athens 2015
International Landfill
Mining Conference

{»-waste

The Internet of .. the impacts on

INTERNET STATS 2014
3 billion users
40% penetration rate
45% in Asia
20% in Europe
21.5% in America
Annual growth 7.5%

Everything, the Social Waste
Networks and... Management
£*-wasTE
The Internet of Everything
3.16 million

DATA POINTS
— 300
$1 9 trillion __;_

90,000

-'f'..‘.‘."_"‘
ROBOTS ONLINE BY 2016 300

MILES TRAVELED TO DATE Y GD05LE'S DRIVERLESS CARS:

500,000
@ 750MB

Source: WIRED, The Connective 2.0
D -waste|

55712768 (Unspecified
Ship)

Much faster than we thought...

Some navigation will
surprise you

www.thingful.net

- waste

{*-waste

it
<’2 ,!Au
8 979 -bns
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L -waste

D -waste
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Working with social media is not an option anymore - the questions is how well you can do it
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New creative possibilities
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Human Social Networks
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From Smart to Engaged Cities
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reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy
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ATHENS 2015 International Landfill Mining Conference

A

reclaim Photos-Material-Minutes
LeC|9IL

Athens, Greece - September 24-25, 2015

D-waste
We are in the middle of a shift...

the future is here

Sensors, mobile apps
: : d optimisation of
eWAS project, Seville i e
package
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But we need one more shift... Future comes faster than we
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D-waste D-waste

So what?

» A huge wave of change is coming

+It will change the landscape in business and Thanks for your attention

public governance

antonis.mavropoulos@d-waste.com
+It will create new challenges and new threats 2 e

»But, no matter if we like it or no, we have to L L e
ride it and utilise it for sustainable waste
management purposes

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