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Abstract

Resources are lost in dumps from the time civilization knows itself. Solid waste handling through ‘zero waste’
concept is important for disposed waste reuse/recycling. The challenge for future is landfill mining (LFM) — one of the
approaches dealing with that approach. We can think of recycling of valuable components such as plastic, metals and
even rare soil elements if we have the right technology. Fine fraction of waste derived from excavated, separated and
screened waste is also a perspective of circular economy as this inert fraction may serve as methane degradation layer
for covering the old as well as new landfills. It may reduce harmful CH, emissions and diminish the raw material use
for closure of dumping sites. The aim of this study is to give an outlook on opportunities and describe other benefits
for circular economy from innovative construction technology of cover layer.

Rejected material may contain up to 40—-60% of dump site/landfill mass and we may have interest in: 1) estimation
of fine fraction of waste as functional construction material; 2) watching environmental effects — possible leaching
and emissions; 3) keeping dumpsite revitalization as the master plan idea. First studies revealed the potential of fine
fraction of dumpsite material for sustainable covering layer development. This study is supported by the project
No.1.1.1.2/VIAA/3/19/531 ‘Innovative technologies for stabilization of landfills — diminishing environmental impact

and resources potential in frames of circular economy’.

Key words: landfill biocover, fine fraction of solid waste, circular economy, landfill revitalization.

Introduction

Landfills and environmental concerns have been
studied widely (Burlakovs et al., 2013; Critto et
al., 2006; Prokop, Schamann, & Edelgaard, 2000).
Studies about monitoring, leachate, opportunities of
recycling, etc. are of critical importance (Burlakovs,
Kasparinskis, & Klavins, 2012). Innovative
technologies of research and applied action are
needed to break the vicious cycle of burying the waste
without interest on reuse/recycle of valuables as well
as diminishing landfill gas emissions (Burlakovs et
al.,2014,2017,2019).

In the context of landfill mining prospection
and exploration, activities are performed to locate
landfills, estimate their dimensions and characterise
the material quantities and qualities. In this way, data
for a feasibility study are obtained. The importance
of proper exploration in the early stages of a possible
landfill mining project has been highlighted by Hull
et al. (2005), Goeschl (2010) and Burlakovs et al.
(2015).

The aim of this study is to give an outlook on
opportunities and describe other benefits for circular
economy from innovative construction technology
of cover layer. Landfills pose serious environmental
threats if not closed and revitalized property;
moreover, we have to deal with harmful greenhouse
gasses such as methane (Burlakovs 2008, 2012; Ozola
et al.,2019; Pehme et al., 2020). Innovative solutions
for hydrological imrovements and diminishing

of leachate contaminants, including nutrients and
dissolved organics are of high importance (Tamm e?
al., 2008; Saaremie ef al., 2014; Pehme et al., 2019).

The problematics of the process also includes the
necessity of revitalization of the dump site so the site
in some occasions may be useful as the industrial,
commercial or even green area after the completion of
remediation (Hogland et al., 2018; Pehme et al., 2018;
Valujeva et al., 2018).

Sampling and sensing aim at producing a model of
the reality. Techniques which can support this process
are image processing methods, geostatistical modelling
and prediction, reconstruction of stratigraphy and
layered build-up. The material characterisation is
crucial, yet still in a very early stage of development.
The combination of several sensing techniques should
offer a potential to solve this process (Burlakovs,
Kriipsalu et al., 2013). The quality of LFM material
determines the recycling opportunities and the choice
of a processing technology. The combination of
these methods can also be used for the products of
valorisation technologies to quantify the value added
due to processing (Burlakovs et.al., 2016).

For ex-situ LFM, there are a number of separation
challenges which are not as significant in typical waste
processing set-ups. The high proportion of soil material
means that a relatively low percentage (compared
to untreated household waste) of the excavated
material is available for recycling or energy recovery.
Quaghebeur et al. (2013) reported that almost 50%
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of excavated waste was soil-like material. In other
LFM projects this number is even higher, in Maul et
al. (2014) found that up to 70% is fine fraction (<60
mm). The machinery in sorting plants is applicable for
LFM, but the fine fraction treatment part of the plant
will face overloading issues. When considering the
feeding of these kinds of plants with a screw feeding
device, the high amount of soil-like fines will lead
to technical problems. The feeder will face clogging
issues and therefore a steady-going feeding is difficult
to accomplish. As suggested by Quaghebeur et al.
(2013), when the organic components are removed,
the remaining material might be recycled as filler in
concrete or other construction materials (e.g. in mortars
if particle size is below 2 mm). However, the quality
of the soil-type waste may not always be suitable for
recovery because of elevated metal concentration (Cd,
Cr, Cu, Ni, Pb and Zn), especially in the fine fraction of
inert waste. This last type of waste should preferably
be reused in different products and one of them is the
functional construction material as the covering layer
for the closure of the landfills.

Materials and Methods
The excavation and separation techniques in landfill
mining

Excavation techniques, both continuous and
discontinuous systems, in landfill mining can be
similar to those applied in surface mining. Site
location, landfill volume and geometry, physical
and chemical properties of waste materials and their
spatial location will affect the applicability of the
adequate mining method and system. Geometrical
characteristics can define the sequence of mining,
in strips, terraces or in a traditional cone-shaped
excavation. The excavation geometry or layout has to
consider the accommodation of the main equipment
and their operations, namely benches, haul roads,
overburden and waste disposal sites. Other aspects

like transport distances and environmental restrictions
(Geysen, 2013) will also influence the methodology.

The removal of waste material from a disposal site
may require the use of heavy mining equipment. This
equipment is the same type of equipment that might
be seen at road building projects, including backhoes,
bulldozers, and front loaders (Burlakovs & Vircavs,
2011; Jain et al., 2014). Excavation and especially
waste transport create traffic, which, consequently,
creates emissions such as e.g. dust in dry climate
conditions. On certain sites, custom-designed
equipment may be used to prevent the spread of
contaminated waste and protect the health of workers
and nearby populations.

Excavation using other mixed or continuous systems
can minimize or eliminate CO, emissions, dust, noise
and vibrations due to the replacement of diesel engines
of heavy machines by electric equipment (continuous
mechanical excavators, road headers, draglines, bucket
wheel excavators, scrapers and belt conveyors). These
systems, when properly designed and adapted to landfill
mining, can have some environmental advantages to
the operation of excavation. Continuous excavator
machines are mobile and perform several operations
at a time: excavation, loading and transport to other
devices like belt conveyors and can be remotely
controlled (Figure 1).

The usage of excavators to remove waste material
and/or final and intermediate cover layers from the
landfill body is a commonly applied method in the
landfill mining context. In general, there are two
methods (Figure 2) for excavating landfills (Goeschl,
2010):

e Excavating from the top of the landfill with an

excavator in approx. 3 meter levels;

e Excavating from the bottom with a front loader

beginning with the removal of thinner layers.

In practice, excavating from the top has been
found to be the most effective and economical method.

Figure 1. Schematic view of continuous mining equipment.
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Figure 2. Landfill excavation methods: * — digging below ground level;
b — digging layer by layer (Goeschl, 2010).

When excavating from the top of a landfill in layers,
a typical depth for each layer is 2 to 3 metres. The
daily volume of excavated waste is usually limited by
factors other than the excavator, such as the capacity
of the treatment plant. One example of excavated
volume from a landfill in the United Arab Emirates
showed an average of 1200 m*® waste excavated per
each excavator (Goeschl, 2010). In the most typical
case, the excavator equipment stands on top of the
landfill and moves backwards while excavating. The
front loader with thinner layers has been advised to be
used mostly for cleaning of the natural soil on landfill
bottom layers and in special cases. The cover layer of
the landfills is often kept separated from the excavated
waste (Jain et al., 2013).

Other excavation methodologies, especially those
that use continuous systems, should be encouraged
since they have proven their efficacy in mining and
construction activities. On the one hand, they allow
geotechnical impact mitigation, since the equipment
is outside the landfill and far from slopes during
excavation. On the other hand, these continuous
excavation systems assure vibration absence and
eliminate the dangerous weight effect near the slopes.
Leachate, Dust and Environmental Safety

Landfill leachate has been studied in many types
of landfills such as municipal solid waste (MSW) (Di
Bella et al., 2012), steel slags (Gomes & Ascengo,
2006) and polymetallic sulphide mining wastes
(Kontopoulos et al., 1998; Cosme & Gomes, 2004).
In these studies, leachate quantity and quality was
assessed during different periods of time (Miinnich,
Bauer, & Frickle, 2012) and experimental works were
carried out in order to prevent and mitigate leaching.
Besides the traditionally known environmental
problems derived from leachate, the nature of landfill
materials may also be a concern. Some landfill mining
activities such as waste handling, storage, and plant
traffic have great potential to produce coarse and fine
dust particles that can be harmful for public health.
Moreover, depending on waste nature, particulates
emitted from landfills may also contain metals such
as arsenic, cadmium, chromium, cobalt, copper,
lead and manganese. For these reasons, landfill sites
require dust monitoring, controlling and suppression

measures to avoid substantial environmental impacts.
For many decades dust has been studied as an
environmental impact factor by several authors. In
the latest years, as a consequence of technological
development, the harmful effects of ultrafine particles
and nanoparticles on public health have been subject to
intensive research. One example is the work published
by Gomes et al. (2013), where a methodology for
monitoring ultrafine particles/nanoparticles in varying
environments was evaluated. This approach utilizes
online analysers and sampling systems which allow
further characterization on collected nanoparticles.

Results and Discussions
Energy issues and functional covering material from
fine fraction of waste

Apart from natural and expected variations,
it is obvious that inorganic (inert / fine fraction)
components always represent a significant portion
(> 50wt%) of the mixture. They are formed by the
soil fraction used as intermediate/final covers of the
landfill and by the inorganic components of the wastes
(e.g. from C&D or industrial sludge, etc.). Since
Waste-to-Energy (WtE) operations have a crucial
role in landfill mining (Bosmans et al., 2013), as a
viable alternative to process organic components in
the mixture, fine ashes and/or slags are expected to be
formed, according to the used combustion technology
(Themelis, 2007).

Inorganics tend to be concentrated in the fine
fraction (< 10 mm sieve) but coarser particles
(e.g. aggregates) are also present (Hogland, 2002;
Quaghebeur ef al., 2013; Kaartinen et al., 2013).
Finding valorisation opportunities for these materials
is a challenge, due to their compositional variability
and presence of certain undesirable constituents (e.g.
chlorides). Most of those components are inert or
non-hazardous according to the EN 12457-4 standard
(Hogland, 2002; Kaartinen et al., 2013). However,
their potential valorisation requires a careful look at the
major elements and at certain specific (problematic)
constituents, such as chlorides and heavy metals.

In the context of landfill mining or resource
recovery from waste, the concept of land asset
recovery is not something that contributes to the
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application of the technology per se; in fact it is the
other way round as the method of resource recovery
may impinge upon future use of the land. The design
of the waste mining process may take account of this
in order to maximise future benefits, as it is this that
will govern the site behaviour and condition following
processing. The potential for landfill mining is high
for developing the covering material / capping to: 1)
restore the land; 2) reuse/recycle what possible; 3) real
estate aspect use as the benefit.

The purpose of land asset recovery is to ensure
that the land itself can be reused in a safe and
effective manner, generating revenue where relevant
and thus maximising the chance that it can return to
productive or beneficial use. It has been noted that
landfill redevelopment projects may only be feasible
financially if government subsidies are provided
(Roccaro, 2013). In such cases, the inclusion of waste
mining and resource recovery may increase financial
returns and make such redevelopment financially
more attractive.

Potential of methane oxidation in covering layer
of landfills depends on various factors often studied in
applied ongoing closure projects (Pehme et al., 2020).
There are still difficulties with quantifying landfill
fugitive methane emissions due to the high temporal
variability and spatial heterogeneity of emissions.
Cost-effective methods for measurements of landfill
methane is a challenge to the scientific community.

Examples of low intensity use or light structures
are relatively widespread. In particular, the creation
of amenity sites such as parkland or sports facilities
is well established. A range of examples are
provided by the USEPA (1999), including sports
pitches and golf courses. Chemlal et al. (2013)
report a park constructed on a former landfill which
required continued groundwater treatment following
construction. Ecological restoration is also often
considered to be relatively easily constructed, and
it is self-maintaining. This is particularly the case if
the site is relatively remote from further development
and such intensive site use would be inappropriate
(USEPA, 1999), but the potential to combine this with
recreational use and offer of habitat creation and green
space in more urban areas has also been considered.
Low maintenance sites such as prairies or grassland
are considered (Biederman & Whisenant, 2009) and
also have the benefit that they may require relatively
little water input, limiting potential water ingress to the
waste. Alternatively, there are case studies exploring
the potential benefits and problems of greening landfill
caps with larger plants such as certain tree species
(Hutchings et al., 2001), who found that growth of
these more deep-rooted species is perfectly possible
if the cap itself is properly designed and constructed
to prevent root ingress to the waste. Furthermore,

agricultural uses such as crop growth (Spreull &
Cullum, 1987) or cultivation of short-rotation forestry
for biofuel generation (Page et al., 2014) have also
been considered, but there is relatively little published
information available on the success or otherwise of
these options.

Creation of structures on closed waste sites is
relatively rare due to the long-term issues described
above, and because invasive procedures that breach
the landfill cap are not desirable. Where they are
developed, structures tend to apply relatively little
additional loading. Ball, Hill & Morgan (2006)
report the development on existing landfills around
Northampton, the UK. These old, unlined facilities
contain MSW and potentially hazardous materials
that are decades old, with inert and construction
waste disposed of prior to closure in the 1990s. The
redevelopment reported in this study was primarily
concerned with lightweight construction and facilities
that were relatively unaffected by settlement.
Although the waste was old and it was considered
that a significant proportion of settlement had already
occurred, site uses comprise surface or low rise
structures including car parks for adjacent sports
stadia and a recycling centre. Wong et al. (2013)
report settlement monitoring of light redevelopment
on landfills in Hong Kong — even the use as a park
and recreational area was seen to significantly
increase settlement rates. Recently, the possibility
of constructing solar energy generation systems on
closed waste sites was explored by Sampson (2009).
The existence of open space with less likelihood
of site development and shadowing from nearby
constructions makes such sites particularly suitable.
As with any construction, however, the potential
for differential settlement exists, which in this case
could detrimentally affect foundations and electrical
connections as well as cap integrity. Also, solar panels
constructed on the slopes of land-raise waste facilities
may exacerbate slip failure mechanisms.

Invasive redevelopment of landfill sites offers
similar issues to those raised by landfill mining,
including health and safety concerns during the
process but also the potential for reuse of the materials.
Examples of redevelopment in this way are quite rare,
but generally take place on waste sites containing
relatively inert materials.

Excavated materials are segregated on site, with
suitable uncontaminated fill being reused onsite and
the remainder taken to another landfill. Information
on how the site will be prepared for construction is
limited, but as the majority of biodegradable and
contaminated material is removed, it is likely to
encompass standard ground improvement techniques.

Although waste disposed of in modern facilities is
compacted, subsequent changes in the medium to long
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term mean that the site will be unsuitable for reuse
without some form of treatment. For construction,
it would be necessary either to remove the waste
entirely, design foundations that avoid using wastes
as load-bearing materials (e.g. piled foundations) or
invoke some form of treatment process. Any treatment
process is likely to require removal of the majority
of biodegradable material to ensure that further
significant decomposition and settlement are avoided.
Mining of waste repositories, particularly ex situ,
allows this to take place. Remaining inert materials
will require ground improvement to provide suitable
foundation for future use. Relevant technologies that
are already well-established are discussed in some
detail by Summersgill and Witherington (2008). Cover
systems (i.e. capping) are a straightforward method of
protecting against contamination pathways to receptors
at the ground surface, similar to a landfill cap itself and
with similar elements. Our proposal is to construct
the functional material that will diminish the leachate
contamination as well as degrade greenhouse gas.

The cover system method is useful with large areas
of contamination, which it can treat with the minimum
of intervention. Capping does not treat contamination
- it remains on site with the potential to cause future
harm. This technique is not contaminant-specific
as it is simply an inert/ mixed with some organics
barrier. However, there may be concern where volatile
contamination is present, unless a low permeability
cover is used. If there is the possibility of risk from
below-ground transport of contamination, then other
techniques should be considered, either instead of
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