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a b s t r a c t

In Europe over 5.25 billion tonnes of waste has been landfilled between 1995 and 2015. Among this large
amount of waste, plastic represents typically 5–25 wt% which is significant and has the potential to be
recycled and reintroduced into the circular economy. To date there is still however little information
available of the opportunities and challenges in recovering plastics from landfill sites. In this review,
the impacts of landfill chemistry on the degradation and/or contamination of excavated plastic waste
are analysed. The feasibility of using excavated plastic waste as feedstock for upcycling to valuable chem-
icals or liquid fuels through thermochemical conversion is also critically discussed. The limited degrada-
tion that is experienced by many plastics in landfills (>20 years) which guarantee that large amount is
still available is largely due to thermooxidative degradation and the anaerobic conditions. However, exca-
vated plastic waste cannot be conventionally recycled due to high level of ash, impurities and heavy met-
als. Recent studies demonstrated that pyrolysis offers a cost effective alternative option to conventional
recycling. The produced pyrolysis oil is expected to have similar characteristics to petroleum diesel oil.
The production of valuable product from excavated plastic waste will also increase the feasibility of
enhanced landfill mining projects. However, further studies are needed to investigate the uncertainties
about the contamination level and degradation of excavated plastic waste and address their viability
for being processed through pyrolysis.

� 2018 Published by Elsevier Ltd.
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1. Introduction

Over the last two decades, the amount of waste being managed
by landfill disposal each year has decreased across Europe and the
UK. According to the Eurostat (2016) waste estimation, 473 kg per
capita of MSW was generated in 1995 in EU-27, of which 64 wt%
were disposed in landfill and 11 wt% were recycled. In 2015, the
EU-27 reported 477 kg of MSW per capita of which 28 wt% were
recycled, 26 wt% incinerated (including energy recovery), 25 wt%
landfilled, and 16 wt% were processed by composting and diges-
tion (Eurostat, 2016). New legislation, such as Council Directive
1999/31/EC (European Parliament. Council of the European
Union, 1999) and Waste Framework Directive 2008/98/EC
(European Parliament. Council of the European Union, 2008), has
driven the changes in the management of landfill, encouraged sus-
tainable waste management and resulted in the closure of many
landfills (Hogland et al., 2011). The waste management hierarchy
included in Framework Directive 2008/98/EC has become part of
the European waste management, defining different aspects of this
topic such as waste, recycling, recovery, secondary raw materials
and by-products (European Commission, 2016).

Recently, Europe has moved towards the ‘new’ concept of a Cir-
cular Economy, aiming to recycle 65 wt% of MSW and reduce the
amount of MSW disposed in landfill by 10 wt% before 2030
(European Parliament. Council of the European Union, 2015). How-
ever, there are between 125,000 and 500,000 landfills (EURELCO,
2017) in Europe, many of which are now closed; waste in landfills
represents an important legacy that needs to be addressed. It is
estimated that over 5.25 billion tonnes of waste were deposited
in landfills between 1995 and 2015 across the EU-27 countries
(Eurostat, 2016). The first landfill mining (LFM) project was carried
out in Israel in 1953 (Savage et al., 1993), but only until the late
1980s, interest began to increase, especially in USA and Europe
(Hogland et al., 2004). The concept of enhanced landfill mining
(ELFM), which started to develop in 2008 (Jones et al., 2013),
focuses on maximising the valorisation of waste found in landfills
and dump-sites as material (WtM) and energy (WtE) (Jones et al.,
2012). Landfills can be considered as temporary storage for waste
while the technologies for their valorisation are improved and
achieve large-scale deployment (Bosmans et al., 2013). Landfills
operating between the 1950s to the mid-1990 s have been identi-
fied as the most suitable for ELFM, because they were not affected
by the directives that lead to a minimization and pre-treatment of
waste disposed in landfills and have higher content of valuable and
combustible materials (Hogland et al., 2011; Van Passel et al.
2013).

A key challenge exists in the recovery of value from materials
excavated from landfills, which has been partially addressed in
previous academic publications, however this review specifically
focuses on plastics. Here there is an opportunity to explore alterna-
tive methods of recovering value from plastics as conventional
recycling/recovery methods will not be viable. Similarly, recovery
of energy from waste and advanced conversion processes require
further research and development due to the pollution and the
unknown effects of landfill contamination on the chemical trans-
formation pathways.

A variety of the landfilled materials can theoretically be recy-
cled or used for energy recovery, which can contribute to the secu-

rity of energy supply and substitute raw materials (Greedy, 2016).
For example, recovery of secondary raw materials available within
landfills such as valuable metals (Gutiérrez-Gutiérrez et al., 2015)
can mitigate the increasing concern about the availability and
security of critical raw materials (European Commission, 2017).
Opportunities also exist in the recovery of plastics, which represent
between 5–25 wt% of the total waste deposited; the proportion
increases in landfills during time due to the degradation of organic
matter and its consequent weight loss (García et al., 2016; Sel et al.,
2016; Münnich et al., 2015; Quaghebeur et al., 2013; Jones et al.,
2013; Van Passel et al., 2013; Van Vossen and Prent, 2011).

The annual worldwide plastic production has increased from
1.5 Mt in the 1950 s to 322 Mt in 2015 (PlasticsEurope, 2016). In
2014 59 Mt and 311 Mt of plastics were generated in Europe and
in the world respectively (PlasticsEurope, 2016). In the same year,
of 25.8 Mt of plastic waste produced, 29.7 wt% were recycled,
39.5 wt% used for energy recovery and 30 wt% were landfilled
(PlasticsEurope, 2016). Over the years, the inadequate plastic
waste management has led to the accumulation of plastics in the
environment, causing pollution and consequent health risks
(Singh and Ruj, 2016; Thompson et al., 2009). The conjunction of
increasing energy demand and scarce resources such as fossil fuel
has resulted in a need for sustainable secondary fuels and chemical
resources (Sharma et al., 2014; Singh and Ruj, 2016). Plastics from
landfills can potentially be reprocessed to other plastic products,
used as part of a waste-derived fuel for energy or used as a feed-
stock to produce valuable base petrochemicals (Al-Salem et al.,
2009; Mastellone, 1999). Because 90% of the plastic are produced
from petroleum, pyrolysis of plastic waste is considered a feasible
process to recover chemical building blocks and a valuable alterna-
tive to the ordinary plastics disposal routes, such as landfill (Al-
Salem et al., 2009; Al-Salem and Lettieri, 2010).

Critical reviews and studies on technical and economic aspects
of LFM and ELFM has been previously published (Krook et al., 2012;
Jones et al., 2013; Bosmans et al., 2013; Van Passel et al.; 2013).
However, these do not focus on the excavated plastic waste frac-
tion and therefore do not consider its chemical characteristics. This
paper reviews the research focusing on excavated plastics and the
physico-chemical properties of this fraction along with the gaps in
scientific knowledge that need to be filled to consolidate and
enable development of upcycling technologies. The aim of the
work is to critically review the likely impacts of landfill chemistry
on the degradation and/or contamination of plastic waste and its
properties, and assess the viability of using excavated plastic waste
as feedstock for upcycling to valuable chemicals or liquid fuels via
thermochemical conversion.

2. Plastic components of landfill waste and factors affecting
their degradation

2.1. Plastic components of landfill waste

Plastics can be thermoplastic, which are capable of melting and
flowing at a certain temperature without undergoing chemical
changes, and thermoset such as bakelite, which are characterised
by irreversible cross-linked polymer chains formed at high-
temperature treatments (Jasso-Gastinel et al., 2017). The molecular
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