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ABSTRACT

Understanding the perspectives of different stakeholders on emerging technologi-
cal concepts is an important step towards their implementation. Enhanced Landfill
Mining (ELFM) is one of these emerging concepts. It aims at valorizing past waste
streams to higher added values in a sustainable manner. Yet, assessment of ELFM
mainly focusses on environmental and private economic issues, and societal im-
pacts are rarely analyzed. This study uses semi-structured interviews to build un-
derstanding for different ELFM practitioners and researchers and develops five
stakeholder archetypes for ELFM implementation: the Engaged Citizen, the Entre-
preneur, the Technology Enthusiast, the Visionary and the Skeptic. The archetypes
outline major differences in approaching ELFM implementation. The stakeholder
perceptions are put into context with existing literature, and implications for ELFM
implementation and future research are discussed. Results show that differences
in regulatory changes and technology choices are affected by different stakeholder
perspectives and more research is needed to balance inner- and inter-dimensional
conflicts of ELFM's sustainability. The developed archetypes can especially be help-
ful when evaluating social impacts, whose perception often depends on opinion and
is difficult to quantify.

1. INTRODUCTION

Growing pressure on environmental change has dom-
inated the recent public discussion on climate-related is-
sues. Yet, regulatory measures to reduce CO, emissions,
for example, are not always perceived as fair and effective
by all members of society. This can be seen in the recent
‘Gilet Jaunes’ movement in France, for which positive en-
vironmental change is perceived as conflicting with social
needs (Amjahid and Raether, 2018). Nonetheless, the ef-
fective management of natural resources (NRM) plays an
important role in avoiding future climate impacts. Making
it compatible with social and economic needs is there-
fore essential for its implementation. NRM affects soci-
etal, environmental and economic change, connecting all
dimensions of sustainability. The importance of NRM is
reflected in the Paris Agreement, where signatories are
obliged to build up the resilience of socio-economic and
environmental systems through NRM (UN, 2016). To tackle
this challenge, it is not only important to advance towards
a renewable energy system and rethink major production

processes. It also calls for new technologies and material
sources, to integrate secondary raw materials into a circu-
lar economy. To do so, the European Union has developed
an Action Plan for Circular Economy, covering elements
of production, consumption, and waste management (EC,
2015). As implemented in the EU Landfill Directive, the
Action Plan also calls for a waste hierarchy and focusses
on the prevention and recycling of waste, integrating cur-
rent streams into resource management (EC, 2015, 1999).
However, past waste streams are mostly being ignored and
have traditionally been landfilled (Krook et al., 2012), and
with them valuable materials and resources.

Growing market and environmental pressures have led
to the development of a rather new concept: Enhanced
Landfill Mining (ELFM). ELFM aims to add value to past
urban waste streams as materials (Waste-to-Material,
WtM) and energy (Waste-to-Energy, WtE) using innovative
technology in an integrated, environmentally and societally
sound way (Jones et al.,2013). The concept originated from
remediation projects and has since shifted to the creation
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of higher added values (e.g. hydrogen) (Krook et al., 2012,
Jones et al.,, 2013). Potentially, ELFM could lead to the miti-
gation of primary resource production and therefore gener-
ate positive environmental effects (Danthurebandara et al.,
2015a; Jain et al., 2014). Its economic performance, on the
other hand, is still unclear. High investment and processing
costs hinder ELFM implementation, despite environmen-
tal gains (Hermann et al., 2016a; Kieckhéfer et al., 2017).
Societal factors are rarely considered in ELFM research or
generalized to an extent where impacts an effects become
entangled, often through monetization, making it difficult
to draw conclusions (Damigos et al., 2015; Van Passel et
al., 2013).

2. AIM AND SCOPE

A limited current knowledge base (Krook et al., 2018),
and a lack of industrial experience emphasizes the need for
research in the field. Krook, Svensson, and Eklund (2012)
conclude further investigations on stakeholder perceptions
including societal actors are “essential for understanding
the capacity of technology and conditions for realization”
of ELFM. While current studies usually focus on environ-
mental risks or economic assessments, it remains unclear,
how different stakeholders approach ELFM and how dif-
ferent perceptions affect ELFM implementation. The aim
of the paper is to make differences and similarities of
various stakeholders’ perspectives on ELFM explicit. The
findings are structured through the development of stake-
holder archetypes. These archetypes provide a basis for
ELFM research to integrate societal factors and enhance
assessment methods as well as the scientific discussion
on ELFM by integrating different opinions rather than a
seeming objectivity. This is especially important consider-
ing the quantification of societal impacts, as results can
be biased to some extent not only by the chosen method
but also by the perspective taken by the assessor. The
archetypes further provide information to different stake-
holders involved in ELFM and can help nurture each other’s
understanding to avoid societal conflicts along the road of
implementation. The developed archetypes can be used
as educational material to explain and better understand
inner- and interdimensional conflicts of sustainability when
implementing new technology concepts. They are an easy-
to-use tool to show differences in knowledge distributions
amongst stakeholders and can provide valuable insights
for policymakers. They give industry actors the opportunity
to develop a better understanding of partners and market
conditions and can help to avoid fears and worries in the
general population.

The scope of this study is limited to ELFM implemen-
tation and conclusions to other industry sectors are not
drawn. It focusses on a Belgium case at the Remo land-
fill in Flanders. The Remo case provides a well researched
scientific basis to reasonably interpret results and a high
degree of stakeholder involvement (Bosmans et al., 2013;
Danthurebandara et al., 2013; Quaghebeur et al., 2010).
It comprises an area of about 160 hectares dedicated to
landfilling and stores about 16.5 million tons of municipal
solid (MSW) and industrial (IW) waste. Leachate protec-

tion, as well as a gas collection system, are installed at the
facilities. Within the "Closing the Circle” (CtC) project, initi-
ated by the operators, ELFM operations are planned in the
near future (Geysen, 2017; Group Machiels, 2018; Quaghe-
beur et al., 2013). Additionally, neighboring community
members have formed a citizen initiative called DeLocals.
Their goal is to understand the ELFM operations at Remo
and distribute information about developments, accom-
plishments as well as problems to relevant stakeholders
(Ballard et al., 2018). The study considers perspectives on
landfilling in general, ELMF implementation, the different
dimensions of sustainability in ELFM as well as regulatory
issues. Misconceptions and knowledge gaps within stake-
holder groups are discussed as well as implications for
ELFM implementation. The study uses interviews for as-
sessment and considers a brought range of stakeholders,
including institutional, industrial, scientific and communal
actors.

3. MATERIALS & METHOD

To develop the different stakeholder archetypes,
semi-structured interviews were conducted. To do so, an
interview guide was developed based on the relevant lit-
erature. The stakeholder selection process was based on
an extended quadruple-helix (QH) framework (Arnkil et al.,
2010; Kolehmainen et al., 2016). The analysis was based
on the general inductive approach by Thomas (2006). In-
terviews were taken in person or on the phone with a total
of 13 interviewees. The interviews were analyzed using a
general inductive approach (Thomas, 2006) and from the
findings, the stakeholder archetypes were developed. It
is important to stress the qualitative nature of the study.
Through in-depth interviews we intent to derive what mo-
tivates and drives different stakeholders with regards to
their stakeholder classes of a specific ELFM case, i.e. the
Remo landfill. This approach helps to avoid hypothetical bi-
ases as well as an over-representation of one stakeholder
group. However, a restricted pool of potential interviewees
due to the case specification, and additional temporal con-
straints limit the number of interviews and therefore the
statistical representativeness of the study. Nonetheless,
as the Remo case is of scientific interest, we believe this
research adds a missing part and provides a basis for the
future investigation of societal impacts.

3.1 The Interview Guide

From an initial review of the relevant literature, five ma-
jor themes of scientific interest were identified. Assessed
parameters and derived research needs were carefully
analyzed. The themes included (i) “perspectives on land-
fills and their management” (e.g. Krook, Svensson, and
Eklund 2012), (ii) “economic drivers and barriers for ELFM”
(e.g. Danthurebandara et al. 2015; Frandegard, Krook, and
Svensson 2015), (iii) “environmental benefits and risks
of ELFM” (e.g. Gusca, Fainzilbergs, and Muizniece 2015;
Laner et al. 2016), (iv) “societal challenges for ELFM im-
plementation” (e.g. Van Passel et al. 2013; Lederer, Laner,
and Fellner 2014), and (v) “the role and responsibilities of
institutions and other stakeholders involved in ELFM activ-
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ities” (e.g. Krook, Svensson, and Eklund 2012; Johansson
2016). While the first theme (i) was chosen to identify the
general approach of participants to landfills and ELFM, the
second, third and fourth themes (ii-iv) aim at analyzing the
perceived sustainability of ELFM. The last theme (v) was
chosen to investigate how different stakeholders are in-
volved in ELFM projects and where they are able to influ-
ence processes along realization. The interview guide can
be found in the Annex to this study.

3.2 The Extended Quadruple-helix Framework

The Quadruple-Helix (QH) framework is often used in
the context of new technological development and distin-
guishes between various actors at different points of inno-
vation processes. It aims to capture multiple and reciprocal
relations between involved stakeholders (Arnkil et al., 2010;
Kolehmainen et al., 2016). It consists of four major strands:
The institutional, the scientific, the societal and the indus-
trial strand. The industrial strand was further subclassified
along the value-creation-chain of ELFM. This resulted in
subclasses: operators, technology providers, and buyers.
Additionally, attributes were added to the QH framework
to further differentiate certain properties of the interview-
ees. The attributes included (i) level of operation, i.e. local,
regional, federal or supranational, (ii) level of case-involve-
ment and (iii) level of impact on overall ELFM implementa-
tion, both differentiated between high, moderate, and low,
first evaluated by the researchers and consequently adapt-
ed through new findings from the interviews, as well as the
stakeholder’s (iv) organizational type, distinguishing gov-
ernmental (gov.), non-governmental (n-gov.) or private (p)
organizations. A schematic representation of the extended
QH framework can be seen in Figure 1.

3.3 Analysis

The general inductive approach was used to derive
concepts, models, and structures from the raw interview
data. The unit of analysis used was “concepts”(Corbin
and Strauss, 1990). In this study, a concept could com-
prise only one word or several sentences. The analysis
was done in three main steps. First, the raw textual data
was condensed into a brief summary format. In the sec-
ond step, the summary findings were used to establish

Level of Organizational
Operation Type

Extended
Quadruple Helix-
Value Chain
Framework

Level of

Level of
Impact Involvement

clear links and relations between various actors and con-
cepts expressed during the interviews. Consequentially, a
theoretical framework about the underlying structure of
the research findings was developed, i.e. the stakeholder
archetypes (Thomas, 2006). To put the general inductive
approach into practice, concepts were coded according
to the categories of the interview guide, providing a prio-
ri-coding and using QSR International’s NVivo 11 software.
Similar statements were joined into one coding category
and related interviewees connected to the statements to
derive clear differences between actors and concepts.
Overlapping coding was allowed, opening up the possibil-
ity of one concept being assigned to several coding cat-
egories, hinting to links between them. Consequentially,
concepts, interlinked through stakeholder class and/or
content, were grouped and structured in a sensible man-
ner by tabulating them and develop the stakeholder arche-
types.

3.4 Stakeholder Selection

The study includes three actors from institutions and
one scientific actor from a university. To include the soci-
etal community of the QH framework, three interviews were
held with neighbors from the surrounding communities of
the Remo landfill. The extended industrial strand included
two managers from the operating company, two technolo-
gy providers, and one technology incubator. The incubator
was chosen to represent buyers of ELFM products. Since
operations at the Remo site have not started yet, finding
real buyers was not possible. Focusing also on waste man-
agement and operating in a similar region, the technology
incubator was chosen as a proxy-representative for this
stakeholder class. An overview of all participants can be
found in Table 1.

4. RESULTS

The results are structured in two basic parts. First, the
descriptive summary of the interviews is presented. Its
purpose is to provide a more detailed overview of the dif-
ferent stakeholder perspectives and transparency to make
results reproducible. The second part presents the devel-
oped stakeholder archetypes.

Technology

Communities I
incul -/Buyers

/-' Industry

Science

Operators

Technology providers

FIGURE 1: The Figure shows the extended quadruple-helix framework including sub-classes and attributes.
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TABLE 1: Table 1 shows the interviewees sorted by stakeholder class.

QH/value chain-Class Stakeholder

Attributes No.

Community members

De Locals

Non-governmental 3
Local

Medium/high influence
Low/medium impact

Institutional actors

Government

Governmental 1
Local

High influence
Low impact

Waste Agency

Governmental 2
Regional

High influence
Medium impact

European Commission

Governmental Supranational 1
Medium influence
High impact

Scientific actors

Researcher

Non-governmental 1
Supranational
Low/medium influence
Medium/high impact

Industrial actors

Operators

Private 2
Supranational
High influence
Medium/high impact

Technology providers

Private 2
Supranational
Medium influence
Medium impact

Technology incubator

Private 1
Regional

Low influence
Medium impact

Total

13

4.1 Descriptive summary

The descriptive summary entails the main concepts ad-
dressed by the stakeholders during the interviews. As ELFM
is a relatively young field of research and lacks the asses-
sment of societal factors, this descriptive part should help
the reader understand and comprehend the findings, and
could provide a basis for future research. The first subsec-
tion, Approach to landfills, describes how stakeholders per-
ceive the functions and safety of the Remo landfill, as well
as advantages and disadvantages. The second subsection,
Concept, and attitude towards ELFM, describes how sta-
keholders approach ELFM in general and what differences
they perceive in the concept. The next three subsections,
economic drivers and barriers, environmental risks and be-
nefits and societal challenges for ELFM, treat perceptions
about the sustainability of ELFM. The last subsection, Key
Actors of ELFM, describes who the different stakeholders
perceive as playing the most influential role in ELFM imple-
mentation.

4.1.1 Approach to Landfills

All stakeholders perceive a temporary storage function
of landfills. Yet, landfilling is considered the least favorable
waste treatment option, but deemed necessary throughout

most interviewees. The operating company emphasizes
the offered service of waste disposal, whereas the scien-
tific side also mentioned landfills as a source of pollution
and, like the technology incubator, a land occupant. Insti-
tutional participants make an explicit distinction between
“dumpsites” that pre-date the European Landfill Directive
from 1999 and “landfills” that comply with it.

Technology providers perceived advantages of landfil-
ling waste over incineration. They explained the storage
function of landfills with a lack of technologies to handle
certain waste streams in the past and made it clear that
significant amounts of waste would still be landfilled in the
future, passing the problems on to the next generation

All participants accentuated that a properly operated
landfill under current legislation could be considered safe,
but older landfills are often perceived as less safe. Never-
theless, distinctions in perceptions lay in the details: The
landfill operators made a distinction of “very old landfills”
justified by changes in landfilled waste streams: “..when
you go back in the past there are not that many risky waste
streams..” This is coherent with the experiences of institu-
tional participants stating most landfills are in better condi-
tions than estimated, and the expected toxic “time-bombs
seem not to be a reality after all”. Additionally, the institu-
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tional side stressed that changing circumstances, due to
changes in climatic conditions, can affect the safety of a
landfill, for example through higher flood risks. Flooding a
landfill could potentially endanger groundwater reservoirs
and the stability of landfills through soil movements. The
technology incubator criticized illegal waste dumping as a
major risk and perceived a lack of control mechanisms for
waste disposal.

Perceived advantages of landfills are the potential for
resource recovery and the removal of waste from the local
communities. The institutional participants also stated an
advantage in being able to control the process of waste
disposal.

Perceived disadvantages, on the other hand, were ap-
proached differently. While all stakeholders mentioned a
suboptimal use of land and environmental risks, operators
also mentioned the installation of additional security mea-
sures against wildlife as well as risks coming directly from
ongoing operations. Local communities further perceived
risk for human health coming from toxic materials (e.g.
mercury or asbestos), whereas the researcher stated a di-
sadvantage of industrial landfills often containing toxic ma-
terials, in combination with a lack of control mechanisms.

Concerning the Remo site, all stakeholders had positive
associations, although opposing groups to the project from
local communities and politics were also mentioned. The
operators were described as “thinking in a modern way”
or “courageous”. Problems from the past are perceived as
mostly resolved and communication between stakeholders
has improved. The most critique about the site came from
operators themselves, where the need for optimization of
processes and technology was expressed. Negative asso-
ciations from local community members and the institutio-
nal side were mainly towards landfills in general, coming
from experiences pre-dating the EU Landfill Directive. Table
2 gives an overview of the results from this section.

4.1.2 Concept and Attitude Towards ELFM

The concept of ELFM and distinctions to traditional
LFM were perceived differently between stakeholders. Yet,

TABLE 2: Table 2 summarizes the Approach to Landfills.

all stakeholders stated a mostly positive attitude towards
ELFM.

For operators, ELFM should be carried out as a private
business activity. The main distinction of traditional LFM
was presented by involving stakeholders. Local communi-
ty members and institutional participants put a focus on
material recovery using high-level recycling and sorting
technologies, whereas the institutional side even expan-
ded the concept of ELFM to Enhanced Landfill Manage-
ment and Mining (ELFM?), including managing an interim-
use phase of landfills until mining activities would start.
The local government has developed a code of conduct to
communicate safety issues with the operators and police
forces and is driven towards ELFM mainly for environmen-
tal reasons. Technology providers, in contrast to the opera-
tors, perceive ELFM as an environmental clean-up activity
using advanced technology, where thermal treatment of
waste could be an end-of-pipe solution, minimizing dispo-
sal costs for ELFM. The technology incubator focussed on
maximizing the added value of materials, making reuse
and recycling strategies a primary objective. Institutions
and operators are convinced most landfills will be mined in
the future, while it cannot be considered an option categori-
cally. The scientific participant emphasized the importance
of ELFM having almost no discharge flow and described it
as an (economically) “risky recycling activity”.

Operators are actively engaging in ELFM for profit-
orientated reasons with environmental “spillovers”, given a
“clear, positive, net balance”. Other stakeholders are moti-
vated to engage in ELFM for environmental reasons. Never-
theless, ELFM should be able to stand economically inde-
pendent from an institutional and industrial point of view.
Table 3 gives an overview of the results from this section.

4.1.3 Perceived Sustainability

The perceived sustainability of ELFM is derived from
the themes (ii), (iii) and (iv). Throughout the interviews,
participants were asked to describe economic drivers
and barriers, environmental risks and benefits and socie-
tal challenges. While economic drivers and barriers were

Approach to landfills

QH/value chain-Class  Stakeholder
Specific Beliefs Common Beliefs
Community members : De Locals * The risk for human health * Landfills function as a temporary storage
* Problems with odor * Mostly positive associations with Remo site
- : * Modern landfills are considered safe
Institutional Actors Waste Agency * Fewer risks than expected

* Flood risks

° Advantages: Potential for material recovery and
waste removal

European Union

* Distinction between “dumpsites” and landfills

* Disadvantages: Suboptimal use of land, envi-

Local Government

positive change

Focus on permitting activities
* Problems with operators in the past, followed by

ronmental risks

Scientific Actors Researcher * Source of pollution

Business Actors

Operators * Waste disposal service
* Process optimization needed

Technology Provider

* Long term risks are uncertain
* Landfilling is preferred over incineration

Technology incubator

* Landfills as land occupant
* lllegal waste dumping
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TABLE 3: Table 3 summarizes the Concept and Attitude Towards ELFM.

Concept and attitude towards ELFM

QH/value chain-Class  Stakeholder
Specific Beliefs Common Beliefs
Community members De Locals * Focus on material recovery and advanced : * Positive attitude towards ELFM
recycling technology * Not every landfill is suitable for ELFM
* Approach from an environmental perspective
Institutional Actors Waste Agency * ELFM? and interim-use phase

* Approach from an environmental perspective

European Union

* Increased resource independence
* Economically independent

Local Government

* Close communication with operators
* Environmental motivation

Scientific Actors Researcher Focus on low discharge flow and env. benefits
Risky recycling activity
Business Actors Operators * The primary objective is recuperation of land,

* Stakeholder involvement is essential for ELFM

energy, and materials

Technology Providers

* Environmental clean-up activity using advan-

° Thermal treatment is needed to avoid new di-

ced technology

sposal costs (end-of-pipe solution)

Technology incubator

* Focus on maximizing valorization of materials
* Land recuperation as a secondary objective

perceived similarly amongst stakeholders, the econo-
mic dimension has a different significance for different
stakeholders within the sustainability framework. While
most participants emphasized environmental aspects,
institutions and operators focused on economic factors
with environmental and social “spillovers”. Environmental
benefits are generally perceived through the reduction of
risks through waste removal and the mitigation of prima-
ry resource production, whereas risks were described as
being similar to those coming from operating landfills. The
biggest societal challenge was considered the involvement
of all stakeholders.

Operators and institutions both mentioned land-recupe-
ration as the clear primary economic driver of ELFM. The
industrial participants also stressed the driving force of
“doing activities” in the form of large-scale pilot projects.
One participant stated that “when we start mining the
Remo site, from this one activity, many spin-offs will deve-
lop”. They further emphasized the economic advantages
of technological development in cost reductions. In agre-
ement with the scientific participant and the technology
incubator, operators are favoring the idea of combining pu-
blic and private money for investment support. This could
take the form of private-public partnerships, subsidies or
public insurances. While institutional actors were not as
fond of this idea, they perceived a driver in cost reductions
for long-term monitoring through ELFM and an interim use-
phase. Local communities identified the generation of em-
ployment, especially of low-skilled labor, as well as energy
generation and material recovery as main drivers for ELFM.
External factors, like market prices for primary and secon-
dary raw material, could be driving ELFM projects, if rising
but also hinder development if decreasing. Similarly, ope-
rators stated that technological development, generally
perceived as a driver, could also be a barrier to investment
if new technologies emerge before the planned return on
investment. Institutions and operators described finding

investors in general as one of the most difficult challenges
for ELFM. This is explained partly by a lack of awareness
in the relevant sectors and partly by (un)known risks in the
development of market prices, new technologies and pu-
blic acceptance: “You get investment support a bit here, a
bit there. So, you have to puzzle all these small supports
for your big investment, and this is, of course, time-con-
suming.” Operators emphasized that high monitoring and
sampling activities would drive up costs and could hinder
implementation. Site-specific factors, like the location of
the landfill and waste composition, could also be a relevant
barrier or driver, depending on the context. Table 4 gives a
more detailed overview of the economic perceptions about
ELFM.

While most environmental benefits are perceived throu-
gh the mitigation of risks, technology providers further
mentioned that technological development could lead to
improvements in future landfilling and recycling opera-
tions, and thereby have indirect environmental benefits.
The main risks perceived were odor, noise, and risks for
human health coming from dust or groundwater contami-
nation. Formerly uncontrolled dumped waste could pose
risks to ELFM operations when discovered and toxic mate-
rials could be brought back into the material cycles. Institu-
tional and local community members also expressed their
concerns about auto-combustion of gases initiated by the
change of anaerobic to aerobic conditions in landfills. Ad-
ditionally, the scientist believes bad execution could lead
to bigger environmental problems than before: “These are
huge risks, also on the environmental level the risk of crea-
ting a bigger environmental problem than before is still the-
re.” Operators also mentioned that the energy consumption
of ELFM activities today is mainly fossil fuel based. Table
5 shows the main environmental risks and benefits accor-
ding to the different stakeholder groups.

Stakeholder involvement, perceived as the biggest so-
cietal challenge, could affect ELFM implementation in va-
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TABLE 4: Table 4 summarizes the Economic Drivers and Barriers.

Economic Drivers and Barriers

QH/value chain-Class  Stakeholder
Specific Beliefs Common Beliefs
Community members De Locals * Material recovery and job generation * Changes in market prices for primary and sec-
* Long-term project costs ondary raw materials affect the economic fea-
P : - sibility of ELFM
Institutional Actors Waste Agency * Avoidance of long-term monitoring costs

Interim use of landfill can reduce costs
Lack of knowledge with investors is a barrier

European Union

ELFM should be driven by private businesses

Local Government

Industrial symbiosis is needed

Scientific Actors Researcher * Emphasis on environmental aspects
* Public financial support is important
Business Actors Operators * Business activity with environmental benefits

Technological
vestments
Lack of public financial support for pilot
projects

uncertainty can hinder in-

Technology Provider

Profitability of ELFM is in question
Sorting technology is not efficient enough
Financial uncertainty poses a long-term risk

Technology incubator

Hydrogen production could be an essential
driver

The flexibility of outputs ca drive ELFM
Material recovery is a long-term driver

* Location of the landfill and waste composition
can be a driver or a barrier

TABLE 5: Table 5 Summarizes Environmental Benefits and Risks.

Environmental Benefits and Risks

QH/value chain-Class Stakeholder
Specific Beliefs Common Beliefs
Community members De Locals * Risks of toxic materials being reintroduced * Reduction of risks through waste removal and
into the material cycle avoidance of primary resource consumption
Risks for natural habitat on top of old landfills : * Mitigation of groundwater pollution and soil
- : : * Risks of ELFM are similar to current/traditional
Institutional Actors Waste Agency * Therisk for auto combustion of gases /

European Union

Environmental benefits on global level
Recuperation of construction materials is
important env. factor

Local Government

Scientific Actors

Researcher

High operational risks

Business Actors

Operators

Risks for air and groundwater pollution

Technology Provider

Uncertainty about long-term environmental
impacts

ELFM in combination with CCS can improve
environmental performance

Technology incubator

Waste composition is a risk
Uncontrolled dumping poses risks

landfilling operations
* Risks for odor, noise and human health

rious ways. Operators fear public opposition by non-invol-
vement, but also consider a need for more awareness of
ELFM, in general, to make financing and permitting proces-
ses easier. All stakeholders identified a lack of public ac-
ceptance as a project’s biggest societal barrier at this time:
“That's the barrier number one.” Operators, institutions
and local community members explained this partly by
knowledge and awareness gaps between the different par-
ties involved, adding to concerns about the environmental
risks. According to an institutional participant knowledge
distribution should also include public authorities, stating,
“[The] most important thing, from my point of view, is the
transitioning of the mindsets, that's a policy aspect.” Lo-
cal community members also urged for the inclusion of
politicians in this process and criticized the conflict of
interest between short-term politics and long-term deve-

lopment. The participant from the local government, on the
other hand, mentioned the organization of town hall mee-
tings, being not very well visited, and explained that positi-
ve change by the operators is often not recognized within
the community, while small mistakes are overemphasized.
This view is congruent with the beliefs of local community
members and operators, who see a barrier in small groups
being able to hinder a project through legal procedures,
overpowering a “silent” but supportive majority. A situation
where “a small group talks for a large community that do-
esn't talk.” In Table 6, an overview of the perceived societal
challenges can be found.

4.1.4 Key Actors of ELFM

All stakeholders, but the operators themselves, who
perceived investors as highly important, named the ope-
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TABLE 6: Table 6 summarizes the Societal Challenges.

Societal Challenges

QH/value chain-Class  Stakeholder
Specific Beliefs Common Beliefs
Community members De Locals * Fear of environmental impacts * Public involvement is perceived as the biggest
* Supporters of ELFM do not participate as acti- challenge
vely as opponents ° Stakeholder involvement perceived as an ad-
- - - . vantage for ELFM implementation
Institutional Actors Waste Agency * Integration of political actors is necessary

* Conflicts of interests between short-term (poli-

tical) projects and long-term development

European Union

* Reuse and recycling is preferred over primary

resource use

Local Government

* Complaints are often subjective
* Positive change is rarely recognized
* Natural habitat and safety concerns within ci-

tizens

Scientific Actors Researcher

Business Actors Operators

Fear of public opposition

Regulations for non-ELFM production

Need for more awareness about ELFM in gene-
ral public and investors

Technology Providers

* Societal and environmental pressures differ in

location

Technology incubator

* Regulatory instruments are needed for ELFM

° Recuperation of land for recreational purposes

can help to get acceptance for ELFM imple-
mentation

° General legal framework can hinder ELFM im-

plementation

implementation

rating company as the most important key actor involved.
Regulatory bodies should play a crucial role according to
all stakeholders. The institutional and scientific side also
stressed the importance of involving local communities.
However, Institutions perceive the general public as even
more important than local residents. Scientific bodies
are mostly perceived as platforms for knowledge transfer
between the involved parties but would play a secondary
role in the realization of ELFM projects. Technology pro-
viders emphasized their own role by stressing needs for
optimizing sorting technologies.

All stakeholders perceived the role of institutions as an
overall positive. Most participants named the Flemish wa-
ste agency one of the key actors involved and were overall
satisfied with their role. The subsidiarity principle of the EU
was positively acknowledged by institutional participants,
who also perceived their regional role as a platform for
experimentation and trials. It was criticized by communal,
scientific and institutional participants that advice from re-
gulatory bodies is often not followed on a political level.
Similarly, technology providers and the technology incuba-
tor, institutional participants and operators would appre-
ciate regulations that “help and stimulate landfill mining
activities” and make them easier to monitor, but could not
identify any current regulations “hampering” ELFM imple-
mentation.

4.2 Stakeholder Archetypes

To structure the diverse and complex perspectives,
stakeholder archetypes were developed. Each stakehol-
der type ought to be understood as a prototype for a di-
stinct approach to ELFM implementation to facilitate the
understanding of different stakeholders, and tailor rese-
arch and industrial activities to stakeholder needs. In total
five different stakeholder archetypes have emerged from
the analysis: The Engaged Citizen, the Entrepreneur, the

Technology Enthusiast, the Visionary and the Skeptic. If
certain concepts in one coding category were interlinked
with a dominant stakeholder class, they were grouped to
represent a district archetype. Some archetypes share
common beliefs, as overlapping coding was applied, but a
new type was developed when a distinct property or belief
differed substantially from other combinations or concepts
were contradicting each other.

4.2.1 The Engaged Citizen

The Engaged Citizen approaches ELFM from an envi-
ronmental perspective. Her or his main concerns are the
safety and well-being of their community. The avoidance
of odor, noise, and traffic, as well as the mitigation of envi-
ronmental risks affecting human health, are a main priority.
To achieve influence on a project, Engaged Citizens acti-
vely participate in the implementation process and seek to
gain and distribute information. While their influence on a
specific ELFM project can be quite high, their overall im-
pact on ELFM implementation as an industrial sector is ra-
ther low. Engaged Citizens organize in a non-governmental
form but have access to various resources due to the diver-
sity of their group. A rather risk-averse attitude in combi-
nation with a curiosity for technology and innovation drive
them. Because of their environmental approach to ELFM,
financing models are considered less important. Problems
often occur in communication with other stakeholders and
are related to knowledge gaps about technologies, regula-
tions and project details. Yet, through engagement, the En-
gaged Citizen gains information and establish a moderate
knowledge base.

4.2.2 The Entrepreneur

The Entrepreneur approaches ELFM from a private
economic perspective. While a profitable business is a
primary concern, environmental and societal factors of a
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project are also important. Land recuperation and energy
generation are seen as main drivers by Entrepreneurs, whi-
le uncertainties add to their hurdles. These include waste
compositions, investment support, and regulations. The
Entrepreneur can highly influence a specific ELFM project
as they are usually part of a private business along the
value-creation-chain of ELFM. Her or his overall impact on
ELFM implantation can be considered moderate to high but
depends on the interconnectedness with other stakehol-
ders. Entrepreneurs present a willingness to take risks and
a high knowledge base about ELFM processes. Because of
the presumed environmental benefits of ELFM, they expect
public financial support for ELFM implementation.

4.2.3 The Technology Enthusiast

Technology Enthusiasts approach ELFM from an inno-
vative perspective. The development of new technologies
is seen as the main driver of ELFM implementation. While
the Technology Enthusiast clearly sees a need for private
economic profitability of ELFM, her or his true motivations
to engage lay in creating environmental benefits through
technology. Combining thermal treatment of waste stre-
ams with carbon capture and storage (CCS) technology,
for example. Technology Enthusiasts emphasize the po-
tential for hydrogen production of ELFM and see a need
for revising waste management regulations to emphasize
the storage function of landfills. They take a long-term view
on ELFM implementation and are willing to take financial
risks. Since the Technology Enthusiast is usually, but not
necessarily, engaged in ELFM projects along the value-cre-
ation-chain, she or he favors public financial support simi-
larly to Entrepreneurs. Due to their engagement, Techno-
logy Enthusiasts provide a high knowledge base on ELFM
processes, but often have difficulties understanding the
needs of local communities or policymakers.

4.2.4 The Visionary

The Visionary approaches ELFM from a societal per-
spective. She or he believes that societal change is neces-
sary for gaining environmental benefits. ELFM can function
as a vehicle for this change, which is driven by technolo-
gical development. The mitigation of future and long-term
environmental burdens motivates a Visionary’s engage-
ment. Visionaries are usually part of a governmental in-
stitution and involved in policymaking. For them, strategic
advantages through increased resource independence
play a crucial role in ELFM. While their influence on specific
ELFM projects is low, their impact on ELFM implementa-
tion is high. From a Visionary's point of view, ELFM could
very well be implemented as a public activity, given the
environmental and societal benefits are sufficient. She or
he considers the general public rather than local commu-
nities. This emphasizes the importance of environmental
risk mitigation for Visionaries. They have a high knowledge
base about environmental and societal aspects of EFLM
but lack knowledge of technical processes and project-
specific needs.

4.2.5 The Skeptic
Skeptics approach ELFM mainly from an environmental

perspective but are convinced ELFM needs to be feasible
as a private economic activity to achieve brought imple-
mentation. Focusing on risks, A Skeptic tends to create a
self-enforcing perspective and develop a rather risk-averse
attitude. She or he expects ELFM implementation to take
its time. Being part of a governmental or research institu-
tion, Skeptics see a need for investigating the implications
of ELFM implementation and its relations with other indu-
stry sectors to add to their high and sometimes very spe-
cific knowledge-base. Their influence on a specific ELFM
project can be moderate to high but overall impact on
ELFM implementation is rather moderate to low.

5. DISCUSSION

While it is important to discover the different approa-
ches of stakeholders, their perspectives must be put into
context. The main concepts expressed are contrasted to
former research findings on the Remo case. This compa-
rative approach should provide new information explaining
the justifications of beliefs and knowledge gaps across
stakeholders. The first part of the discussion, Perceptions
about the Remo landfill, is limited to a comparison with
former research about the case. The second part, Implica-
tions for ELFM implementation, takes a more general view
on ELFM and explains how implementation could differ
when applying different perspectives. The last subsection,
Implications for future research, gives an outlook about the
direction of future ELFM assessment. The latter two sub-
sections also explain how the stakeholder archetypes can
be made applicable.

5.1 Perceptions about the Remo landfill

Looking at the waste composition at the Remo site,
research indicates that beliefs by community members
about toxic materials are not justified (cf. Quaghebeur et
al. 2013). Danthurebandara et al. (2015a) even show that
impacts from ELFM operations on human toxicity can be
beneficial. However, in contrast to environmental burdens
the impact category was insignificant (Danthurebandara et
al., 2015b). Modern landfills are generally perceived as safe
and even conditions of older landfills as being better than
expected. But, as the waste composition is uncertain and
can vary dramatically within one landfill site, sampling be-
comes either less effective or cost intensive (Quaghebeur
et al., 2013). These circumstances, in combination with in-
complete records and illegal dumping of waste, put beliefs
about the safety of landfills generally into question. None-
theless, at the beginning of the 20th century, about 80% of
MSW consisted of ashes from residential heating and inert
or easily degradable materials (Van Passel et al., 2013).

Land reclamation, material, and energy recuperation
are considered to be the main revenue streams for ELFM
operations at the Remo site. Especially community mem-
bers perceived material recovery as a major driver for
ELFM operations. This is questionable. The Remo landfill
lays within a natural habitat where the land price is rather
low. Van Passel et al. (2013) identify land reclamation to
constitute a relatively low benefit and note that government
incentives for renewable energy make up a major portion
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of the WLE revenue stream. They show the three most im-
portant impacts on ELFM'’s private economic performance
are (i) WtE efficiency, (ii) electricity- and (iii) CO,-price. This
claim is supported by Danthurebandara et al. (2015b), who
identify the plasma gasification process as a major econo-
mic impact and its efficiency as the main factor affecting
the profitability of ELFM at the Remo site. This again shows
the importance of changing market conditions, which all
stakeholders perceived as one of the biggest challenges
for ELFM implementation.

Danthurebandara et al. (2015a) also support the sta-
keholders’ beliefs that high investment costs are a main
barrier for implementation and identify investments in WtE
technology as a major cost component. While technolo-
gical development would push ELFM it could also hinder
investments by raising uncertainty.

Some environmental benefits of ELFM have been as-
sessed by Van Passel et al. (2013) and Danthurebandara et
al. (2015a). Van Passel et al. (2013) conclude that benefits
from a reduction in greenhouse gases through material re-
covery have the biggest impact. This contrasts with Dan-
thurebandara et al. (2015a), who identify an environmental
burden in the impact category Climate Change, and most
benefits in the impact categories Fossil Depletion, lonizing
Radiation and Urban Land Occupation. The differences in
GHG emissions is explained by distinct approaches: Van
Passel et al. (2013) consider a longer methane recovery
and purchasing materials and energy on the market for
the do-nothing scenario (Danthurebandara et al. 2015a).
Danthurebandara et al. (2015a) show all impact categories
have beneficial effects but were not significant, other than
the impact categories climate change and ozone depletion.

A topic mostly neglected by the stakeholders is biodi-
versity. Although impacts on biodiversity through ELFM
are positive due to land reclamation, temporal burdens
on biodiversity can occur during the time of operation (De
Vocht et al.,, 2011). Overall, aiming at 75% open landscape
after operations could lead to the restoration of 162 ha of
Flemish heathland, representing 1.17%-1.75% in relative
terms. Additionally, disturbance trough illumination, noise
or transport can affect biodiversity negatively, however,
covered WtE and WiM installations could help to minimize
the risk. Impacts on the aquatic system are expected to be
minimal, as the Remo site is situated above the groundwa-
ter level (De Vocht et al., 2011).

The belief that public involvement is one of the biggest
societal challenges is well manifested within stakeholders.
This is reasonable, regarding the Remo case, as public op-
position has led to delays. Yet, this belief cannot be tran-
sferred to ELFM in general. The general perception of ELFM
was described as positive even within opposing groups to
the Remo site. Stakeholder involvement and communica-
tion were highlighted by several participants and therefo-
re contradicts the belief about communication problems
amongst stakeholders.

5.2 Implications for ELFM Implementation

Another societal challenge was not mentioned expli-
citly but can be derived implicitly from the interviews: Dif-
ferent stakeholders approach ELFM with different motiva-

tions. Should ELFM be implemented primarily as a clean-up
activity or as a business activity? Depending on which point
of view one takes, different implications come to light. As
a clean-up activity, ELFM would be mostly done by go-
vernmental institutions and resource and energy recovery
would have a cost-reducing objective. As a business activi-
ty, ELFM would be profit-driven, where conflicting goals can
lead to trade-offs with its environmental performance. Of
course, inner-dimensional trade-offs between environmen-
tal impact categories still have to be considered, even wi-
thout motivations for profit maximization. A mixed appro-
ach could lead to cherry-picking by industrial actors and
higher societal costs at the end, as cross-financing of less
profitable projects becomes more difficult.

All stakeholders have a positive attitude towards ELFM.
This is not very surprising considering their active invol-
vement at the Remo site. Still, this attitude is also in line
with the European strategy to transfer into a circular eco-
nomy and reduce burdens from carbon dioxide (EC, 2015;
UN, 2016). Even community members opposing the Remo
case were not considered to be against ELFM in general,
but opposition is rather linked to specific issues and on-
going landfilling operations (Internetgazet et al., 2018). The
stakeholder archetypes can enhance the understanding
between different ELFM practitioners. This can increase
awareness about ELFM and help anticipate public oppo-
sition by integrating different perspectives. Policymakers
can gain insights on important matters regarding ELFM im-
plementation and avoid future conflicts without having to
do time-consuming, and costly research on a project.

Another challenge for ELFM implementation lays in
current and future regulations. Interestingly, landfills are
in general perceived as temporary storage facilities by
all stakeholders. This might be explained through their
involvement in a specific ELFM case, and thus, a higher
awareness for other perspectives. Technology providers
preferring landfilling over incineration in contrast to the
waste disposal hierarchy, supports the view of landfills as
storage facilities, similarly to Van Passel et al. (2013). The
development of ELFM puts this waste disposal hierarchy
into question. As new technologies might emerge, higher
benefits could be possible, when also landfilling current
waste streams and processing, i.e. mining, them later on.
In this context, landfill taxes can play a crucial role. In re-
search these are mostly considered to be costs, taking a
private economic perspective (Johansson et al., 2013;
Winterstetter et al., 2015). The implied societal benefits
(tax revenues) are usually not considered. Moreover, it is
often unclear if these taxes have to payed or if exemption
of landfill taxes would be granted, raising uncertainty about
future outcomes. In Sweden and Austria, exemptions are
possible but also depends on the composition and age of
the redeposited waste (Hermann et al., 2014; Johansson
et al,, 2012). On the other hand, the exemption from taxes
always implies a societal cost, that has to be considered.
Hoogmartens et al., (2016) show, for example, that welfare
maximization, through the combination of Enhanced Wa-
ste Management and optimal taxation, is possible. Howe-
ver, they focus on current waste streams and more rese-
arch is needed.
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5.3 Implications for Future Research

When considering implications for future ELFM rese-
arch, especially from a societal perspective, it becomes
evident that more work is needed. To derive implications
for regulatory changes and to better understand the real
potential of ELFM, it is important to take a holistic, indu-
strial perspective into account. Estimating the resource
potential of ELFM for Europe, for example, is a necessary
next step, but not easy to achieve. Yet, it could help justify
or deny public support and help design optimal monetary
control and management tools to foster a sensible ELFM
implementation. This research should be integrated to
make interdimensional trade-offs visible.

Considering the private economic dimension of ELFM,
the analysis shows that hidden private costs for stakehol-
der involvement, for example, have not been taken into ac-
count. Commonly, only operational and capital costs (e.g
for transport, facilities or personnel costs) are assessed
(Danthurebandara et al., 2015a; Frandegard et al., 2015;
Kieckhéfer et al., 2017; van der Zee et al., 2004; Wolfsber-
ger etal., 2016; Zhou et al., 2014). Additionally, time effects
should be considered when building investment and cost
models. While discounting is usually applied when asses-
sing a project’s net present value (NPV) (Hermann et al.,
20164a; Van Passel et al., 2013; Winterstetter et al., 2018),
delays through social resistance or permitting processes
are not considered.

The main environmental benefits are believed to come
from the mitigation of risk through waste removal. To put
those beliefs into context, it is important to identify long-
term risks of landfills, but this challenge still has to be ta-
ken on (Sauve and Van Acker, 2018). Waste composition,
depending on factors like location, regulations or the time
period of landfilling, plays a crucial role in determining the-
se long-term environmental impacts (Quaghebeur et al.,
2013). Institutions share this point of view, showing awa-
reness for monitoring activities exceeding the obligatory
30 years aftercare period. Environmental impacts of ELFM
operations are comparable to traditional landfilling. Since
ELFM operations are expected to go on over a timeframe
of 10 to 20 years, and environmental impacts of landfills
would accumulate over time, the assumption can be made
that there are environmental benefits from mitigating long-
term environmental risks through ELFM. The extent of the-
se benefits is still difficult to assess, making an economic
evaluation of externalities for ELFM ambitious.

The societal dimension of sustainability is usually
assessed through the monetization of environmental im-
pacts, if at all (Damigos et al., 2015; Marella and Raga,
2014; Van Passel et al., 2013; Winterstetter et al., 2018,
2015). Fewer studies tackle societal impacts through non-
monetary assessment (Hermann et al., 2016b; Pastre et
al., 2018). Monetizing environmental impacts is problema-
tic because impacts are chosen selectively and often do
not represent a holistic picture. Non-monetary societal im-
pacts are often left out, due to their subjectivity. If integra-
ted, their validity is in question, specifically because of their
subjective character. The developed archetypes can help
to integrate different subjective approaches rather than

creating a seeming objectivity through monetization. One
option could be developing different weighing factors from
the archetypes to integrate them into ELFM assessment
methods. This way, the effect of different perspectives on
societal impacts could be made visible and enhance the
discussion on social burdens and benefits. The archetypes
could be used in an educational context and help to under-
stand inner- and interdimensional trade-offs better when
assessing the sustainability of ELFM projects.

Regional differences should be taken into account
when assessing ELFM. Damigos et al (2015) conduct a
contingent valuation survey in Greece to determine and
monetize stakeholder values. In contrast to the interviewe-
es, the participants of the survey value job creation (70%)
as their main incentive to engage in LFM operations only
followed by environmental benefits (22.4%). Survey partici-
pants recognize water, soil, and air pollution as the biggest
operational risks of landfilling, from which perceptions
about perceived risks of ELFM operations can be derived.
About 60% of survey participants valued WtE and WtM be-
nefits as most important, whereas approximately 20% of
participants valued the avoidance of environmental bur-
dens, and equally landfill space reclamation, as very impor-
tant (Damigos et al., 2015). These beliefs have to be further
assessed. While it has been shown that WiE plays a cru-
cial role in gaining private economic benefits from ELFM,
WtM streams have proven less profitable (Van Passel et al.
2013; Danthurebandara et al. 2015a). Societal benefits and
their monetization, however, need more scientific attention.

6. CONCLUSIONS

Landfills were perceived as temporary storage facilities
and knowledge about ELFM was mostly well established.
All stakeholders constitute a positive attitude towards
ELFM, but motivations for engagement differ amongst sta-
keholders. Misconceptions exist about the main economic
drivers for ELFM implementation, where industry and insti-
tutional actors identify land recuperation and communal
actors material recovery as main drivers. Homogenously,
stakeholders identified environmental benefits coming
from the mitigation of risks through waste removal and
avoidance of primary resource consumption. Stakeholder
integration was perceived as the main societal challenge.

The fife stakeholder archetypes, namely the Engaged
Citizen, the Entrepreneur, the Technology Enthusiast, the
Visionary, and the Skeptic, outline the main perspectives
to be taken on ELFM implementation. They convey major
differences in approaching ELFM and new technological
concepts alike and serve as a tool for ELFM practitioners
and researchers, who seek a better understanding of the
parties involved. Moreover, they can be used for educatio-
nal purposes to enhance understanding of sustainability
issues. They make inner- and interdimensional conflicts of
sustainability visible and help understand the societal side
of ELFM.

It is important to note that implementing ELFM at in-
dustrial scale and scope depends on its main purpose. If
ELFM is primarily done as a business activity aiming for
profitability, in contrast to a clean-up activity, different regu-
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latory changes become necessary. A wide range of policy
instruments including taxation, subsidies, public-private
partnerships, investment support and more, have to be ca-
refully analyzed and tested. This implies the need for new
models in ELFM assessment integrating all dimensions of
sustainability in a comprehensive and comparable manner.

Future research has to refine the private economic and
environmental assessment, taking hidden costs and bene-
fits and dynamic time effects into account. Special focus
should be given to the societal dimension, which lacks a
thorough assessment in ELFM research.
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ANNEX A

The appendix provides the developed interview guide providing the basis for the coding categories used to analyze the data.

Section 1: Approach to Landfills
Question 1

What is a landfill for you?
Follow up

+ s it a waste management solution, a source of pollution, a resource reservoir or a land occupant?

- Why do you think this is the main function of a landfill?
- How do you think this function is met?
+ What other functions does a landfill have?

+  For the functions, you just described, what advantages and/or disadvantages can you see?
+ While recycling becomes more and more important, why do you think landfills are still needed?

Question 2

Can you, in general, describe what advantages and/or disadvantages having landfills comes with?

Follow up
- Do landfills have an effect on your day-to-day life?

< Do you benefit from landfills? (Who benefits from landfills?)
- How? (get rid of waste, profits, protect society/environment, etc.)
+ What factors influence your perception of landfills that are uncertain?

+ How safe do you think landfills are?

- Where do you think to lay unforeseeable risks of landfills?

If yes:

< How are landfills managed to keep them safe? (How should landfills be managed to keep them safe?)

+ What risks remain by landfilling waste?

+ What should change to make landfills even safer?
If no:

+ Why do you consider landfills unsafe?

+ To whom are landfills unsafe?

< What exactly about landfills do you consider unsafe? (Management, processing, transport, after-(after) care, etc.)

+ How could you manage landfills in a safer way?
Question 3

When you think about the REMO site, do you have positive or negative associations?

Follow up
+Can you explain where these associations come from?
+  Specific to this landfill, what is its main function to you?
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What experiences have you made with this landfill and/or its management?
Are you satisfied with the current management of this landfill?

What alternative options do you see for the future management of this landfill?
- Which options would you prefer and why?

- Which options would you avoid and why?

Section 2: Involvement in ELFM
Question 4
Are you familiar with the concept of LFM/ELFM?
Follow up
Please describe your idea about LFM/ELFM to me.
How did you learn about LFM/ELFM?
How did you get involved with LFM/ELFM?
Question 5
Do you think LFM/ELFM should be done?
Follow up
If yes:
How should LFM/ELFM be carried out?
Who should be involved in such a project?
Why should LFM/ELFM be done?
Where should LFM/ELFM be done?
If no:
+ Why not?
Do you see risks in leaving a landfill untouched?
Who do you think is/should be responsible for impacts after 30 years (the after-care period)?
- Who should pay for it?
- How should this issue be handled?
Who do you think benefits from LFM/ELFM and why?
Do you see LFM/ELFM as a recycling, mining, business, environmental, protective or risky activity?
Question 6
What projects about LFM/ELFM are you involved with?
Follow up
If any:
What is your role in these projects?
Why do you want to be part of this project? What motivates you?
What impact has your involvement on your life/current situation?
If none:
Why are you not involved?
Would you like to get involved?
How could you get involved?
If you would get involved, what would your objective be?
Why would that be your objective?

Section 3: Benefits of ELFM
Question 7
What are the main advantages/opportunities you see in LFM/ELFM projects?
Follow up
+ For whom do you mostly see these advantages/opportunities?
- Do you see mostly economic, environmental or societal opportunities?
How could these opportunities be reached?
Where do you see limits to these opportunities?
What factors influence these advantages/opportunities that are uncertain to you?
- Why do you consider these uncertainties?
- What measures could be taken to reduce these uncertainties?
Question 8
According to you, which are the main environmental benefits of LFM/ELFM?
Follow up
What types of environmental benefits exactly do you have in mind? (resource conservation, land use, groundwater
safety, smell mitigation, pollution control, etc.)
Where do you see these different benefits? (On which level? Global, national, regional, local?
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- For whom do you see these benefits? Why?

How could others also benefit from LFM/ELFM?

- How could benefits be transferred to other levels?

Are you sure, these benefits can be reached?

- Why are you uncertain/certain about these benefits?

- How could you make sure these benefits are reached?

Section 4: Risks of ELFM
Question 9
What main disadvantages/risks do you see with the realization of an LFM/ELFM project?
Follow up
+ For whom do you mostly see these risks?
Do you see mostly economic, environmental or societal risks/disadvantages?
Why do you consider these to be risks/disadvantages?
+ Why are you afraid of these risks?
What would minimize these risks?
What factors influence these disadvantages/risks that are uncertain to you?
- Why do you consider these uncertainties?
- What measures could be taken to reduce these uncertainties?
Question 10
According to you, which are the main negative environmental impacts/risks of LFM/ELFM projects?
Follow up
+ Who is affected by these impacts?
Who is responsible for these impacts?
- How could these impacts be avoided or limited?
Are you sure, these impacts will occur?
- Why are you uncertain/certain about these impacts?
+ Who will pay for these impacts? How?
+ Who should pay for these impacts? How?

Section 5: Challenges for ELFM
Question 11
According to you, which are the main challenges for the realization of LFM/ELFM projects?
Follow up
+  Arethese challenges mostly related to economic, environmental, regulatory, market-related or organizational matters?
Why do you consider these to be the main challenges?
+ How would you address these challenges?
- In your opinion what are factors that influence the feasibility and performance of LFM/ELFM projects most?
- Where do you see uncertainties in these challenges?
- How could these uncertainties be minimized/controlled?
Question 12
What economic drivers and/or barriers can you identify?
Follow up
+ How do these drivers/barriers affect (your) LFM/ELFM projects?
+ How do these drivers/barriers work? Please explain the mechanisms.
- Who is able to affect these mechanisms?
- Where do uncertainties in these mechanisms remain?
How could these drivers/barriers be emphasized/regulated/overcome?
Where do you see economic limits to LFM/ELFM?
Question 13
What regulatory instruments do you know affecting LFM/ELFM projects?
Follow up
+ What financial and regulatory instruments do you know driving/hindering development towards LFM/ELFM?
+ How do these regulatory instruments work? Please explain the mechanism.
- How do these mechanisms address uncertainty?
What are the most important aspects?
What regulations are in place to make LFM/ELFM safer/lower risks/profitable?
- Why?
- What aspects drive LFM/ELFM?
- How?
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- For whom?
What regulations should be changed to promote LFM/ELFM?
- What aspects hinder LFM/ELFM?
- Why? How?
Question 14
Where do you see markets of the products/outcomes of LFM/ELFM?
Follow up
+ Inyour opinion, is there a need for additional materials and/or energy from LFM/ELFM?
Where do you see difficulties for the marketing products/outcomes from LFM/ELFM?
- What are the uncertainties affecting these difficulties?
- How could you manage these uncertainties?
Who are purchasers of these products/outcomes?
Who are competitors to these products/outcomes?
Where do you see advantages to competitors?
Where do you see disadvantages to competitors?
Question 15
What societal challenges do you expect/have you experienced in LFM/ELFM projects?
Follow up
+ Why do you consider these societal challenges?
What did you learn from your experience?
How would you address these challenges?
What instruments could/should be installed to communicate/educate about LFM/ELFM projects?
- How do you communicate/educate about LFM/ELFM?
- To whom do you communicate about LFM/ELFM?
- With what purpose/intent do you communicate LFM/ELFM
- How should different stakeholders be integrated into LFM/ELFM projects?

Section 6: The Role and responsibilities of Institutions and other ELFM Actors
Question 16
According to you, which are the most influential actors when it comes to the planning and realization of LFM/ELFM
projects?
Follow up
+ What do you think are these different actors’ roles and responsibilities?
What is your/your institution’s role and responsibility in LFM/ELFM projects?
- How do you put this role into practice?
- Who is primarily affected by your role in LFM/ELFM projects?
Where do you see the need for change in your role in LFM/ELFM projects?
Question 17
Who do you think is/should be responsible for regulating and/or communicating LFM/ELFM?
Follow up
+ EU, Federal, Regional, Local?
Who do you think is deciding right now if LFM/ELFM is done?
What is their role in this process?
How should their role be changed/differ from its current state to get better outcomes? For whom?
Who should decide if LFM/ELFM is done?
Question 18
How do/does the authorities/your institution deal with uncertainties concerning LFM/ELFM projects?
Follow up
What areas are mostly affected by uncertainties (Economics, environment or society?)
- What regulatory instruments do you know handling uncertainties?
- How do they work? Please explain the mechanism.
What should be changed about them to get better effects?
Question 19
Are you happy with the role of institutions/authorities when it comes to LFM/ELFM?
Follow up
+ What are they doing well?
Where do you see the need for change?
What regulations should be changed to make LFM/ELFM safe?
- Why? How? What aspects?
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