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source of CRM and SRM. However, data available
on CRM and SRM present in landfills is scarce and
there is yet not guidance available on best
management practices to recover SRM from landfill
sites.

Considering the complexity of the RM value
chain, it is fundamental to boost coordination and
networking activities; sharing best practices and
promoting innovative solutions, with the involvement
of stakeholders, citizens and public authorities; thus a
more efficient use of RM and waste reduction will be
assured.

The opportunity to recover CRM and SRM
from urban landfill sites and EW facilities will
require substantial investment, which will be initiated
and funded by either public or private funding that
will boost EU economic growth as well as enhancing
the environment and societal quality of life (Dino et
al., 2016; Jones et al., 2013; Marella and Raga,
2014). Effective stakeholder involvement is crucial
for such opportunity to happen as it is characterized
by being dimensionally huge, extremely complex,
human-oriented and characterized by considerable
impacts to the society, economy and natural
environment (Careddu et al., 2013; Suthar et al.,
2016).

In this context, Smart Ground project, funded
by the EU’s Horizon 2020 program (GA 641988),
aims to facilitate the availability and accessibility of
data and information on SRMs in the EU, as well as
creating synergies and collaboration between the
different stakeholders involved in the value chain
(Dino et al., 2016).

1.1. Smart Ground objectives and activities

The main objectives and actions of the project
can be summarized as follows:
a. To obtain quantitative and structural data from
both existing and not known SRM resources of the
most needed RM and SRM in EU that could be
utilized profitably as a RM and/or energy
b. To review existing standards for RM and waste
inventory and implement new methodology validated
through selected pilot sites, as currently at EU level
there is little shared information available for
conducting harmonized waste inventory; in
particular, there is no EU inventory for EW facilities.
c. To identify the most promising markets for
recovered SRMs from the pilot scenarios. As quality
and quantity of exploitable SRM/CRM is crucial,
characterisation activities and impact analysis must
be carried out.
d. To integrate and harmonize data and information
collected by gathering them in a single EU database
(SG platform), facilitating the access to information
on available SRM for end-users. All datasets from
the pilot studies and information collected from
previous published studies by the partners, as well as
from other sources, allowed the Smart Ground
consortium to determine the most important
characteristics of SRM for waste management
decision making at EU level. This platform will be

publicly accessible through a web portal that will
facilitate the search of SRM-related information.
Furthermore, the use of the platform will facilitate
the registration and collection of new information
from other landfills and EW facilities, thus creating a
virtuous cycle “from waste to resource”.
e. To raise awareness among policy makers and
public opinion to support the social recognisability of
the positive impact of landfill exploitation to obtain
SRM. Implementing new approaches to decision-
making within an established market is extremely
challenging. Transferring knowledge into a sector
such as the waste sector, which is conservative in
approach and where profit margins are not high,
requires dedicated resources: Smart Ground project
tries to face this challenge.

2. Data Collection plan and validation at pilot sites
level

The main waste streams considered in the
Smart Ground project are EW and MSW including
commercial and industrial waste, and construction
and demolition waste (C&DW), which represent
29%, 9% and 32%, respectively of the total EU waste
production (Eurostat Statistics, 2012). The
knowledge of the quality and quantity of such wastes
is fundamental to evaluate the potential SRM
exploitable from landfills at large and from the
different waste streams. While there is a great deal of
information available on MSW and C&DW. To date,
there is little detailed data on EW. In order to collect
useful information for waste characteristics and
volumes of SRM within anthropogenic deposits, a
total of 10 sites (4 MSW, industrial landfill sites and
6 EW facilities) have been investigated as pilot sites
(see Table 1); other six pilot sites, based on previous
published data were also selected for Spain and UK
(not included in the present paper).

Table 1. Pilot sites for Data Collection plan validation

Waste
stream types

Name and
location Pilot description Status

Waste from
extraction
and
processing
of mineral
resources

Montorfano
mining
area, NW
Italy

Feldspar
production from
granite waste
facilities
exploitation

Active
site

Gorno
mining
area,
northern
Italy

EW facility
characterized by a
high content in
metals as Zn, Pb
and possible
CRM as Ge, Te,
In, Cd etc.

Closed
site

Campello
Monti
mining
area, NW
Italy

EW facility
characterized by a
high content in
Ni, Cu, Co and
possible CRM as
PGE

Closed
site

Aijala
mining

EW facilities in
Southwest

Closed
site
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area,
Finland

Finland. Tailings
from mining
containing Cu,
Zn, S, Ag, Au

Rudabánya,
Hungary

EW facilities
containing tailings
from sulphides
exploitation

Closed
site

Pátka,
Hungary

EW facilities
containing tailings
of fluorite
dressing plant

Closed
site

Municipal
Solid waste
(MSW)
including
commercial
& industrial
Waste
(C&I)

Metsäsairila
landfill,
Finland

MSW landfill

Both
active
and
closed
parts

Kuusakoski
Oy landfill,
Finland

Private industry
landfill; waste
from vehicle and
aluminum
industry

Active
site

Debrecen,
Hungary MSW landfill Active

site

CAVIT, La
Loggia
(Torino,
Italy)

C&D waste
treatment plant
for the production
of recycled
aggregate

Active
site

2.1. Data Collection plan for the characterization of
different types of waste deposits

As for MSW landfills the Data Collection plan
included the following activities:

1. Collection of preliminary information such
as operation history, depth of the landfill cell,
degradation stage (for occupational safety), presence
of hazardous waste (occupational safety), and
geophysical characterization

2. Sampling activity: different sampling
techniques were used including drilling, excavating
and cactus grab crane for MSW sampling. Sample
sorting was done either manually or mechanically to
separate the different waste fractions. The physico-
chemical characterization of the fractions was then
carried (Fig. 1)

3. Sampling preparation to obtain
representative samples for analysis (Fig. 1).

Fig. 1. Flow chart of suggested investigation process in
Metsäsairila MSW landfill

As for EW facilities the Data Collection Plan
comprises preliminary data collection, field activities
and characterization (Fig. 2). In particular:

1. Preliminary data collection about
localization, morphology, geology, info about ore
bodies, mining and dressing activities, etc.

2. Field activities, which have to be organized
into two stages:

a. Preliminary field activity in order to map the
old mine tunnels, access roads, pedestrian paths and
waste facilities. This early survey involves the
recognition of the main characters of each dump,
possibly including some geochemical features with
the help of a portable XRF.

b. Representative sampling of the different
types of deposits (waste rock, operating residues and
tailings). The sampling of the different types of
deposit must be planned on the basis of the info
collected during preliminary field activity, together
with historical info about mining and dressing
activities, info about geology, restrictions present in
the area, etc... Representative sampling can generally
be performed by applying a net scheme or a random
sampling procedure; the samples can be collected
using different tools, depending on the characteristics
of the area and of the materials, such as: core drilling,
excavating, sampling using hand shovel, etc.

3. Characterization, organized in two main
stages:

a. Treatment to obtain representative samples
for analysis

b. Analysis for physical, chemical,
mineralogical, petrographic characterization

Fig. 2. Flow chart for field activity and characterization
phases: EW facilitie

Two pilot sites characterization studies are
briefly presented below, as examples: one for MSW
and another for EW.

2.2. MSW pilot site characterization: Metsäsairila
landfill
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There are numerous negative effects which
landfill mining may cause. In general, it may lead to
release of dust, liquids and leachate, landfill gases
(LFG) and odours (expecially for MSW), with a risk
to human health.

Hazardous waste is often uncovered,
especially in older landfills where waste disposal
practices and acceptance criteria were not very strict.
Excavation of a landfill area could undermine the
integrity of adjoining cells, which could lead to
subsidence or collapse of landfill but also may attract
various vermins. Landfill mining would certainly
create noise and lead to additional traffic flow on the
local road network (Ford et al., 2013).

Life Cycle Assessment (LCA) is suitable for
identifying environmental impacts of different LFM
or EW exploitation scenarios. Documented research
investigated the difference in impacts between
leaving the landfill to naturally degrade against the
impact of a possible LFM project; the use of
recovered materials as substitute; and RDF extracted
from landfill compared to the use of traditional fossil
fuels (Fisher, 2013).

3.3. Economic impacts - Investment decision making

According to a study from Scotland (Warren
and Read, 2014) LFM is rarely self-sufficient.
Economically viable cases usually include LFM
operations involving onsite energy recovery at non-
hazardous landfills; excavation, shredding, screening
and removal of ferrous metal, with sale of metals;
recovery of soil for use as daily cover. Besides,
compaction of waste may be economically viable
based on the recovery of void space.

LFM with resource and off-site energy
recovery might be feasible where wastes are
excavated anyway, assuming that the alternative is to
pay for landfill elsewhere. In cases where industrial
wastes are also landfilled more valuable materials
can be recovered, thus resulting in economically
feasible solutions (Ford et al., 2013). Some examples
of profitable RM and SRM recovery from EW
facilities still exits, mainly as for waste coming from
recovery of dimension stone waste (Bozzola et al.,
2010).

Consequently, waste composition, historic
operating conditions, extent of waste degradation and
market prices for recovered materials have also to be
considered for LFM feasibility decisions.

3.4. Social impacts

LFM operations have significant social impact
on local residents. LFM could lead to road
congestion based on the intensive process activities
near the landfill. At the same time there could be
considerable concern over health, comfort and
nuisance impact due to LFM process. Besides,
decrease in value of properties which are close to
landfill during the period of LFM can also occur
(Ford et al., 2013).

However, after the removal of landfilled
wastes, the value of those properties can increase.
Excavation of landfill, as a process that reduces or
eliminates on-going risks and impacts on health and
the environment, would also imply new workplaces
not just for experts but for low-skilled workers as
well. Therefore, communication towards the local
residents is always crucial in LFM strategies (Ford et
al., 2013; Garamvölgyi, 2016).

3.5. Smart Ground approach for Data collection

LFM calls for an appropriate technology to
result in marketable SRM to fully achieve economic
and environmental goals. To model such approaches,
scenario models are being assembled in the
framework of the Smart Ground project. These
scenario models cover not only pilot landfills, but a
feasible technology line modelled by inputs, outputs
and impacts (Fig. 5) to produce SRM from the
excavated input originated from the landfill site.
Besides, marketability will also be investigated in the
scenario model in detail to identify industrial needs
for the corresponding SRM.

First results available indicated that despite
the highest environmental impact due to the recovery
processes, savings gained from SRM as substitute
material are often higher. Savings highly depend on
recovered SRM types.

As impacts of processes involved are often
dominated by their energy need, overall
environmental savings of the LFM or EW
exploitation processes are highly determined by local
energy mixes.

Nevertheless economic burdens can hinder
LFM and EW exploitation activities under the current
economic circumstances.














