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Abstract

Often considered a traditional labour intensive activity, in recent years, the solid waste man-
agement (SWM) industry has been largely interested in innovation. Nonetheless, the analysis
of innovations in the SW industry is frequently confined to process innovation in the disposal
segment, neglecting other kinds of innovation — such as product innovation and organizational
innovation — in other segments. While several economic theoretical frameworks have been
developed for interpreting eco-innovation in general, a specific analysis of innovation in each
segment of SWM is still missing, despite the specificities of this sector. To fill this gap, this
paper shows how complexity theory can be profitably used to integrate the more traditional
neoclassical approach, offering a comprehensive theoretical framework to analyse innovation
in the SWM industry from both a market and firm perspective (the neoclassical approach) and

from a social perspective (the complexity theory framework). Four main typologies of the SW
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market system, exhibiting different kinds of innovation, are outlined: (i) a “traditional” land-
fill-oriented system; (ii) a modern “waste-to-energy” incinerator-oriented system; (iii) a “light
recycling” system with integrated solutions and a selection performance that is lower than

50%; and (iv) a “hard recycling” system.
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1. Introduction

The solid waste management (SWM) industry is mostly considered a labour-intensive sec-
tor characterized by low innovation (Gomez-lbanez et al., 1991; Massarutto, 2007). Neverthe-
less, in recent years, it has been marked by significant innovative activities (Pretty, 2003;
OECD, 2008; Jegatheesan et al., 2009), developing both technological product and process-
related innovations and non-technological organizational innovations (James, 1997; Triguei-
ero et al., 2013; Cecere et al., 2014; Sica, 2016).

While several economic theoretical frameworks have been developed for interpreting eco-
innovation, a specific analysis of innovation in SWM is still missing. This is surprising since
innovation in the SWM industry might play a crucial role in addressing environmental chal-
lenges and, therefore, might be important to promote sustainability (Milutinovi¢ et al., 2014,
Antonopoulos et al., 2014) and to reduce climate change (Monni et al., 2006; Bhada-Tata and
Hoornweg, 2016).

This paper aims to fill this gap in the literature by proposing a theoretical approach for analys-
ing innovation in the SWM industry. Specifically, it shows how the Neoclassical approach
can be combined with the Complexity Theory (CT) in order to build a comprehensive theoret-
ical framework for examining innovation in the SWM industry.

A significant part of the existing studies on eco-innovation builds on a neoclassical theoretical
approach (see, e.g., Boisot, 1992; Koschel, 1998; Rennings, 1998). According to this view,
eco-innovations are mostly driven by market forces. Nevertheless, private investment in eco-
innovation is generally sub-optimal because the market fails to consider the double externality
produced by such innovations, namely knowledge spillovers from research and development
activities and reduction of environmental damage. In this vein, public intervention is deemed

to play a crucial role. Policies fostering eco-innovations and their diffusion generally include



(1) financial and nonfinancial incentives (e.g., grants and loans for industries to upgrade
equipment); (2) technical assistance programmes (such as environmental audits, which help
firms identify and implement environmental programmes); and (3) research and development
programmes promoted and financed through private-public partnerships (see, among others,
Nordhaus, 1969; Klemperer, 1990; Gallini, 1992; Denicolo, 1996; Maurer and Scotchmer,
2002, Porter, 1994; Zuckerman, 2003; Kremer, 1998; Foray, 2004; Scotchmer, 2004).

A second stream of literature on eco-innovations relates to evolutionary theories suggesting
that innovation emerges from social interaction and historical processes (Arthur, 1989; David,
1985). According to this approach, the “technological regime” a la Nelson and Winter (1982)
becomes a “sociotechnical regime” characterized by shared cognitive routines in a community
affecting patterned development along technological trajectories (Geels and Schot, 2007). In-
deed, Rennings (2000) argues that eco-innovation is not only about the technological dimen-
sion, but also related to organizational and social aspects. Nill and Kemp (2009) describe mul-
tiple approaches with evolutionary theory elements pertaining to the eco-innovation and sus-
tainable innovation policy literature. They suggest that “there is a huge potential for an inte-
grated evolutionary approach as paradigm for sustainable innovation policies” (Nill and
Kemp, 2009: 677). In this vein, evolutionary theories can provide an in-depth overview of the
innovation trajectories that lead to more sustainable practices in the SWM industry.
Consistent with this approach, CT can be used for investigating eco-innovation. Both ap-
proaches take inspiration from biology in observing agents’ behaviour. They refuse the notion
of perfect rationality for individuals, claiming that they interact in an uncertain environment,
adapting their behaviour to external conditions in a changing setting. Finally, they both add
emphasis to the public sector in orienting agents and reducing uncertainty (Arthur et al., 1997,

Antonelli, 2011).



In this paper we argue that the neoclassical view and the CT perspective can complement
each other. The paper is organized as follows. Section 2 describes the methodology we ap-
plied for the literature review, upon which the theoretical framework developed in this paper
Is based. Section 3 provides an overview of the main innovations characterizing the SWM in-
dustry. Section 4 shows how the neoclassical view can capture some specific aspects of SWM
innovative dynamics. Section 5 presents the CT perspective, which considers the “social side”
of SWM innovation. Section 6 integrates the neoclassical and CT perspectives in a compre-
hensive theoretical framework to explain different kinds of innovation observed in the SWM

industry. Section 7 provides some conclusive remarks.

2. Methods for the literature review

The theoretical framework for the analysis of innovation in the SWM industry proposed in
this paper is developed starting from a systematic literature review on the topic. Drawing on
established methodologies for literature reviews in economics and business (see, e.g., Gastel
and Day, 2016; Gaur and Kumar, 2018), we based our work on five main steps.

First, as the research on innovation in the SWM industry began to draw attention the
2000s, we selected the period from 2000 to 2020 as the reference timespan for our analysis.
Second, we analysed articles and reviews published in leading peer-reviewed journals in the
fields of “Social Sciences”; “Economics, Econometrics and Finance”; and “Business, Man-

agement and Accounting”.’®

5 Specifically, we included the following journals: Business Strategy and the Environment; Computers, Envi-
ronment and Urban Systems; Ecological Economics; Environment and Planning (A, B, C, D); Environment and
Urbanization; Environment, Development and Sustainability; Environmental and Resource Economics; Envi-

ronmental Development; Environmental Impact Assessment Review; Environmental Science and Policy; Habitat



Third, to identify the relevant research published in these journals, we used the keywords
and combinations “Solid-Waste-Management Industry”, “Solid-Waste-Management Market”,
“Solid-Waste-Management Firm”, “Solid-Waste-Management Innovation”, “Solid-Waste-
Management Eco-innovation”, “Solid-Waste-Management AND Neoclassical-theory”, “Sol-
id-Waste-Management AND Economies-of-scale”, “Solid-Waste-Management AND Produc-
tion-scale”,  “Solid-Waste-Management AND  Complexity-theory”,  “Solid-Waste-
Management AND Sociotechnical”, “Solid-Waste-Management AND Circular-economy”.

Fourth, we explored the papers cited within this literature to capture other relevant studies
(e.g., papers using different terminologies associated with innovation in the SWM industry,
books and more generalized contributions that might be useful for our research). At the end of
this stage, we obtained a list of 264 contributions (see Appendix A).

Finally, we reviewed each study’s abstract and, where necessary, the full text to determine
whether the articles were focused on innovation in the SWM industry. Thus, we individually
screened all articles. This literature review led to the identification of relevant and recurrent
evidence on innovation in the SWM industry. The theoretical framework for analysing inno-
vation in the SWM industry proposed in this paper was eventually outlined by following this

evidence.

International; International Journal of Environment and Sustainable Development; International Journal of Envi-
ronmental Protection and Policy; International Journal of Environmental Resources; International Journal of
Green Economics; International Journal of Innovation and Sustainable Development; International Journal of
Social Ecology and Sustainable Development; International Journal of Sustainable Development and World
Ecology; Journal of Cleaner Production; Journal of Environmental Planning and Management; Journal of Indus-
trial Ecology; Resource and Energy Economics; Resources, Conservation and Recycling; Sustainability Switzer-

land; Sustainable Cities and Society; Waste Management; Waste Management and Research.



3. Process, product, and organizational innovation in the solid waste industry: an over-

view

Since the seminal work of Schumpeter (1919), innovation has been classified into three
main typologies: process, product, and organizational innovation. The same classification ap-
plies to eco-innovation: Klemmer et al. (1999) and Rennings (2000) argue that eco-innovation
addresses process, product, and organizational changes in firm management; Kemp and Ar-
undel (2009) include in their definition of eco-innovation products, processes, techniques or
systems that avoid or reduce environmental damage. Besides, Bauwens et al. (2020) distin-
guish between low-tech and high-tech innovations, which assume different forms according to
the type of waste treatment strategy to which they are related. Considering the SWM industry,
several innovations might be linked to these typologies, although some of them can hardly be
classified under a single typology. As an example, the circular economy might be considered
a systemic innovation in the SWM industry, and it relates to essential changes in the process,
product, and organizational aspects of waste management (Kirchherr et al., 2018). This sec-

tion provides a brief overview of the most recent innovations adopted in the SWM industry.

3.1 Process innovation

Process innovation in the SWM industry is mainly related to facilities operating in the
segment of disposal. It deals with incinerating, pyrolyzing, or composting garbage to generate
energy and new materials for other activities (e.g., agricultural activities). Even combinations
of these techniques are available (Gohlke and Martin, 2007; Dunmade, 2013). With respect to
downstream technologies, i.e., treating solid waste as an end-of-the-pipe product, three main
categories exist: technologies that allow to obtain refused-derived fuel (RDF) from waste;

technologies to obtain thermal and electric energy from waste incineration (Massarutto,



2015); plasma torch incineration, a system that does not generate toxic gas emissions, particu-
lates, or slag (Bosmans et al., 2013). Other innovative techniques involve biological and me-
chanical treatments of SW are aimed to reduce the amount of product to be landfilled.

Process innovation also relates to waste selection, i.e., recycling the end-of-the-pipe dis-
posal (Pfeiffer and Rennings, 2001). New techniques include prepaid waste bags equipped
with transponders, street dumpsters with electronic scales and skullcaps, or underground col-
lection points to avoid the unpleasant visual impact of street dumpsters in constrained or his-
torical areas (Sakai et al., 2008; Bing et al., 2016). Prepaid waste bags were created in Swit-
zerland in the mid-1990s: their rationale is to sell plastic bags, validated by the local authority
responsible for the SWM, as the only type accepted for the conferring of non-recyclable waste
while selected SW can be conferred in free bags. Because of the expenditure in waste bags,
households pay inversely to the effort in the selection they make as they are motivated to sort
final SW as well to reduce the purchase of goods with a higher content of non-recoverable
materials and packaging (De Jaeger and Eyckmans, 2015). To identify the amount of unsorted
SW and to successfully charge households, new tracking systems have been introduced (Kan-
chanabhan et al., 2011). These systems are based on the application of electronic chips with
transponders to plastic bags to identify and automatically memorize searchable data tagged
through radiofrequency devices positioned on waste collection vehicles. This technology,
called radio frequency identification (RFID), allows for the storage of data on the number of
purchased bags, the weight of the conferred sacks, the number of conferment/emptying, and
the geographical source of unsorted SW, which is useful information to make SWM more ef-
fective (Abdoli, 2009). Other ICT applications to the SWM industry rely on the adoption of
software and electronic devices to track and measure garbage and to simplify the billing sys-

tem (Boustani et al., 2011; Elia et al., 2015; Velvizhi et al., 2020).



3.2 Product innovation

Product innovation is defined as the use of new concepts in producing consumer goods
(Arthur et al. 1997). In the SWM industry, it mainly concerns the activity of eco-design, i.e.,
designing objects to minimize the environmental impact of the post-product lifecycle (Gott-
berg et al., 2006). This implies dematerialization, which might take the form of reducing ma-
terials used for production and for packaging (Nicolli and Mazzanti, 2011), e.g., through the
reduction of product wrappings or the creation of refillable packaging systems (Nessi et al.,
2015). Moreover, product innovation also concerns disassembling products in the dismantling
phase to ease the recovery of components as raw materials (Vanegas et al., 2018). In their
work on circular economy policies in the EU, Hartley et al. (2020) highlight the importance of
innovative systems for more sustainable product design, production, and use as well as the

main role of innovation in product end-of-life and waste.

3.3 Organizational innovation

Organizational innovation in the SWM industry mainly concerns waste collection and ser-
vice charging. On the one hand, the presence of geographical constraints related to altimetry
and urban sprawl leads to the implementation of innovative collection schemes based on
door-to-door, kerbside, or proximity collection (Abbott et al., 2011). In some areas, collection
is also carried out through “eco-mobiles”, i.e., multicompartment vehicles providing collec-
tion services for exhausted oils, bulky waste, and electrical waste and electronic equipment
(Zuo et al., 2020; Garrido-Hidalgo et al., 2020). In perched villages, even donkeys are used to

address collection problems due to narrow streets and space constraints®.

® For this and other practical examples of unorthodox waste collection schemes, see https://zerowasteeurope.eu



https://zerowasteeurope.eu/

On the other hand, innovations in service charging have been proposed to relate more strictly
the payment of the service to the amount of generated waste. The so-called Pay As You
Throw (PAYT) tariff, which has been introduced in many European countries (Reichenbach,
2008), charges users on the basis of the quantity of waste presented for collection, which is
observed directly by weighting or measuring its size, or indirectly by selling specific waste
collecting bags. The PAYT tariff may be mixed with a flat rate tax based on parametric calcu-

lations, e.g., the number of family members (Elia et al., 2015).

4. Eco-innovations in the solid waste industry: the neoclassical view and the “firm-side”

perspective

From the Neoclassical standpoint, market forces are the main driver for eco-innovations
(Boisot, 1992). On the one hand, consumers’ attitudes and preferences are crucial for forming
the demand for environmentally friendly products and services. If such a demand exists, it de
facto creates a potential market for eco-innovation (see, e.g., Hasla et al., 2008; Milfont and
Duckitt, 2010; Cicatiello et al., 2020). On the other hand, competition among firms for the
market or inside the market can significantly trigger innovation. The desire to leapfrog the in-
cumbent in one market stimulates outsiders to look for radical innovations, and cohabiting in
one market with other players leads to incremental innovations.

From this perspective, the neoclassical view finds a profitable connection with the Schum-
peterian “creative destruction” approach as the “process of industrial mutation that incessantly
revolutionizes the economic structure from within, incessantly destroying the old one, inces-
santly creating a new one” (Schumpeter, 1942). While market competition considered by the
neoclassical theory describes the nature of incentives for innovation-faced market actors, the
Schumpeterian approach opens the “black box™ of structural and firm conditions that effec-

tively establish these incentives and allow market dynamics to advance innovation. From this
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perspective, the Schumpeterian approach is well suited to explain how the neoclassical dy-
namic of innovation is protracted.

In particular, the distinction operated by Schumpeter between the so-called Mark | and
Mark 1l appears to be the case in point (Malerba and Orsenigo, 1996). Mark | is characterized
by low barriers and a high entry attitude, a low concentration of innovative activity, higher
market instability, and the small-sized firms involved in traditional economic sectors (Schum-
peter, 1919) while Mark 11 features low entrance, high technological and financial barriers,
and highly concentrated and stable markets mostly populated by large firms that invest in
R&D activities (Schumpeter, 1942).

In a similar fashion, Pavitt (1984) identifies four categories of industries with respect to the
nature of technological change, the features of the production process, market structure and
other characteristics (Bogliacino and Pianta, 2010): (i) labour intensive, with small- and me-
dium-size enterprises (SMEs) operating in traditional sectors with low barriers, innovation
aimed at cost reduction and driven by materials and components providers, low appropriable
and incremental, sectoral knowledge dominated by learning-by-doing and learning-by-using
dynamics; (ii) capital intensive, with medium, large vertically integrated firms operating in
industrial sectors (for instance metallurgy) with technological barriers, innovation aimed at
cost reduction, originating from both outside (providers) and inside (R&D), medium appro-
priability; (iii) specialized, with SMEs operating in instrumental sectors (typically machin-
ery), low-medium barriers, innovation aimed at improving product quality and performance to
customize the market, spreading from interaction with clients and practice, highly appropria-
ble, knowledge dominated by learning-by-doing and tacit knowledge (Nonaka and Takeuchi,
1995); (iv) science-based, with large firms, mostly multinational, operating in technology-

intensive sectors (electronics, pharma), high technological and financial barriers, innovation
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concentrated in the search for new products and driven by internal R&D, highly appropriable
through patents and secrecy, learning dominated by scientific knowledge.

This taxonomy is somewhat useful for illustrating SWM industry evolution. Until now, the
SWM industry has covered the first two of Pavitt’s trajectories, moving from (i) to (ii) during
the 1990s, when SMEs, which were often municipality owned, dominated the market and
were progressively replaced by larger and integrated firms with capital and technological in-
tensity serving as entry barriers (Buclet, 2002).

This happened, at least in Europe, mainly because of an institutional push: EU legislation
requested higher involvement of the private sector and the abandonment of the municipal
provision of service, which allowed private firms to enter new territories. This happened
mainly through vertical mergers and acquisitions (M&As), i.e., M&As between collectors and
disposers, and horizontal M&As, i.e., between organizations operating in the same segment.
Indeed, M&As have shifted a very fragmented SWM industry towards a more concentrated
system, with larger operators competing in wider markets, with a potential positive impact on
the total price of the SWM service (Bertossi et al., 2000). In passing from a labour-intensive
to a more capital-intensive sector, innovation in the SWM industry has remained incremental
and process-oriented, with the aim of reducing the costs of service provision. The degree of
investments in R&D is still low, and innovation is mainly embodied in capital equipment
(Dijkgraaf and VVollebergh, 2004; Nicolli and Mazzanti, 2011).

The evolution of SWM toward a specialized or science-based industry is still difficult to
predict, and some attempts in this regard, from the presence of multinational firms in foreign

markets to the introduction of product innovations such as RDF, have not been successful yet.
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5. The complexity theory and the “social-side” perspective in the solid waste industry

An approach to eco-innovation that can be considered complementary to the firm-side
view illustrated so far can be found in CT, which pays a remarkable tribute to evolutionary
thinking (Cecere et al., 2014). Evolutionary holistic approach (Faucheux et al., 1996) extends
the analysis of innovations beyond the economic aspects and specifically looks at the interac-
tion among technology innovation, social, ecological, and institutional systems (Sica, 2016;
van den Bergh, 2007). Consistently with this perspective, CT claims that economic agents op-
erate in a dynamic system and that their choices are the outcome of learning processes influ-
enced by multiple interactions carried out in evolving and uncertain structures (Antonelli,
2011).

Lane and Maxfield (1997, 2005) identify three types of uncertainty intrinsic to the trans-
forming action of agents: epistemological uncertainty, which is related to the real existence of
the phenomenon (is a phenomenon true or not?); semantic uncertainty, which is related to the
interpretation of the phenomenon by interacting agents (do all agents give the same meaning
to the phenomenon?); ontological uncertainty, which is related to the vision of the world and
the categories that describe it (is agent’s representation of the state of the world still plausible
after the evidence of the phenomenon?).

Innovation primarily generates an ontological uncertainty that must be guided. Two main
instruments to address this issue are “narratives”, i.e., cognitive processes that assign rational-
ity to what is happening, and “scaffolds”, i.e., various kinds of institutions such as public bod-
ies, research and support centres, scientific journals, associations and unions that act as refer-
ence points in the uncertain conditions generated by a changing environment (Lane and
Maxfield, 1997). Another distinctive construct of CT is provided by the notion of “artefact”,

defined as any manmade object embedding technical (or social) change and achieving some
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new functionality. The recurrent interaction among different kinds of agent (firms, individu-
als, and institutions) who design, produce, provide, trade, install and use artefacts gives rise to

a “market system” (Lane and Maxfield, 1997; Lane, 2006).

Table 1 Agents, Artefacts and their interactions in the SWM Industry

< Table 1 here >

Table 1 outlines the agents, artefacts, and interactions characterizing the SWM industry
market system.

Agents operating in the SWM market system are heterogeneous. The regulators and plan-
ners at different administrative levels, starting at national-level regulation (supranational in
the case of European Union countries, where waste directives originate from the European
Commission) and arriving at the regional and municipal levels, often with different munici-
palities deciding to manage waste collectively in an integrated district. This kind of agent is
public, with both policymakers and civil servants invested in the technical implementation of
regulation. Industrial activities are run by private companies (often shared by public bodies,
mostly municipalities) covering different segments of the market, typically collection and dis-
posal as well as communication and environmental education. Equipment suppliers play a
role in proposing new technical solutions to SW disposal, for instance new kind of dumpsters
and vehicles, with a direct impact on the organization of collection; in the new scenario of
SW reduction, a prominent part is played by product designers, whose work should be aimed
to develop easily disposable products. More pronounced attention to recycling highlights the
activity of extended responsibility and producers’ associations with different materials (plastic

products, glass products, paper and cardboard), called to follow the life cycles of products
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“from cradle to grave”. Finally, the “front agents” of an integrated SWM system market are
the households that are requested to begin the separate collection process.

As discussed in Section 3, different artefacts are present in the SWM industry, from simple
(waste bags, domestic bins) and medium content (street dumpsters, even subterranean and
gathered in the so-called “ecological islands”, landfills) to progressively more technological
content (collection vehicles, RDF, incinerators, RFID transponders and other tracking elec-
tronic equipment, waste-to-energy plants).

Their use by agents defines the different types of actions that substantiate SWM for each
segment of the process, which CT refers to as “Interaction in the space of agents-artefacts”. In
this sense, the recourse to street dumpsters defines street and mixed collection, and it is com-
patible with landfilling and disposal based on incineration and with tax charging, even though
PAYT schemes may rely also on modern street dumpsters. In the same way, waste bags and
RFID are more effective with kerbside (and mixed) collection, recycling and PAYT.

Following this logic, CT provides a useful framework to identify different SW market sys-
tems based on different interactions in the agent-artefact space. More relevant, each type of
interaction is both associated and determined by the closeness of the relationships among the
agents; it is the same closeness that, according to CT, acts as driver for generative contacts

and, ultimately, for innovation (Russo and Rossi, 2009).

6. Integrating neoclassical and complexity theory approaches

6.1 Typologies of market systems in a complexity-neoclassical integrated framework
The firm-side perspective derived by the neoclassical view and the social-side approach con-
sistent with the CT can be fruitfully combined to outline a more comprehensive theoretical
framework for understanding innovation in the SWM industry. The neoclassical view of in-

novation can be enriched by combining the characteristics of SWM firms associated with
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their production scale (Section 4) with the features of the system where they operate, which is
mainly associated with the closeness of relations in agent-artefact spaces identified by the
SWM industry (Section 5). From this perspective, a connection between structural and firm
conditions for innovation, as described by referring to a Schumpeterian approach (see Section
4), and CT can be found. In fact, while factors such as barriers to entry, market concentration
and firm size affect the competitive environment and the rate of innovation (Schumpeter’s
Mark I and I1), the specific direction and quality of the innovations developed (i.e., the typol-
ogy of goods and services effectively realized) is crucially constrained by the social context in
which firms operate and, specifically, by the closeness of relations in agent-artefact spaces.
Building on this intuition, a conceptual framework identifying specific typologies of the
SWM market system, which exhibit different propensities towards innovation, can be outlined
enriching the picture provided by the traditional classifications of markets and their potential

for innovation.
Figure 1. Models of market system in a complexity-neoclassical integrated framework

<Figure 1 here>

By combining the neoclassical approach and the CT perspective, different SW market sys-
tems can be outlined (Figure 1): (i) a “traditional” landfill-oriented system; (ii) a modern
“waste-to-energy” incinerator-oriented system; (iii) a “light recycling” system with integrated
solutions and a selection performance that is lower than 50%; and (iv) a “hard recycling” sys-
tem where the selection performance is higher than 50%.

(i) Although still relevant, the traditional system based on landfills is bound to disappear in

the medium-long run (Wagner, 2011; Zacharof and Butler, 2004). Focusing on the European
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Union, 34% of total waste was still disposed of in landfills in 2017 (last year available), with
peaks in Greece, Romania, and — quite surprisingly - Finland’.

Indeed, from the firm-side perspective (Section 4), this typology of the market system has
been prevalent, especially up to the 1990s. It is mainly characterized by traditional SMEs,
with innovation aimed at cost reduction and driven by material and component providers. The
typical company operating in this market system is a municipality-owned firm or a privatized
one, when the enforcement of new regulation calls for it (e.g. in the European Union after
2000). From a CT standpoint, this model of innovation can call for either integration or sepa-
ration of collector and disposer, and it is usually based upon street collection and the bestow-
ing of collected SW to landfills for disposal. The relevant artefacts for this market system are
street dumpsters, truck compactors and landfills. The interactions are monopolized by street
collection and landfilling while the substantial nil involvement of households in collection
does not call for any PAYT charging system.

According to CT, a necessary condition to observe the rise of innovation in a market sys-
tem is to have interactive relationships among the agents. In the traditional market system, the
nature of interactions is quite barren: relations are minimized to the public tender to find the
collection- or the integrated-operator, the organization of collection by the entrusted operator,
the contract between collector and disposer, and participation by household is absent. Conse-
quently, innovation in this market system is depressed and dates back approximately 20 or 30
years in terms of operations to make landfills safer (new coating solutions, abating systems
for dioxin) and for the automation of street collection (CCTV for a better approach of truck

compactors to dumpsters as well as mechanical solutions for lifting and emptying dumpsters).

" Here, and hereafter, the data set is available at https://ec.europa.eu/eurostat/data/database, accessed on 18™ Sep-

tember 2020.
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(i1) The “waste-to-energy” market system is based as the previous one on end-of-the-pipe
facilities, but is represented in this case by incinerators revamped and upgraded for energy re-
covering plants. Again, official figures certify the relevance of this market system for 5.5% of
the total waste treated in the EU, with peaks of up to 19% in Belgium and 23% in Denmark.

From a “firm-side” standpoint, it is generally a “hard industrial” market system, capital in-
tensive, with medium-large and vertically integrated (collection+disposal) operators. This
means a centrality for integrated multiutilities as well as the penetration of the market by large
and capitalized companies such as energy and technology producers.

Following the CT perspective, the incinerator is the key artefact of this market system. The
whole SW chain is oriented to feed it, meaning reducing any sophisticated selection that
would subtract raw materials from the plant; consequently, the collection phase mainly draws
upon undifferentiated street dumpsters.® As there is no interest in rewarding a reduction in
SW, schemes as PAYT are pointless, and standard waste taxes or fees are the common tool to
finance the service. For this market system, relationships among agents are infrequent and
limited to procedural exchanges involving experts and technicians; innovation in this market
system is not the result of generative liaisons between agents but of the technology embedded
in incinerators, and its origin is based in a sector external to the SW industry.

(iii) The “light recycling” system is a natural outcome of the integrated approach to SW
management. It involves both recycling and end-of-the-pipe disposal. In the EU, it affects

46% of total municipal waste in 2017, raising constantly since 2015.

8 This description of the market system has recently been criticized by proponents of a “mixed” vision, suggest-
ing that the primary need of waste-to-energy plants is not the fulfilment of the minimum optimal size but the
search for efficiency in the selection of higher calorific materials and the discarding of other streams, in particu-

lar, wet waste. This is the perspective proposed by the “zero landfill” narrative (see infra).
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Given the coexistence of different SWM solutions, in this market system firms range from
multiutility companies, at the heart of the service organization, to specialized SMEs, facing
low-medium barriers to entry and active in particular segments of the value chain: social
companies and cooperatives in the collection segment; private firms running treatment facili-
ties, communication and agencies to deal with information campaigns directed to households
and citizens.

From a CT perspective, the key artefacts range from waste bags, domestic bins and ecolog-
ical points of collection to street dumpsters and incinerators (normally with energy recovery).
The collection phase runs through a mixed system of street and kerbside collection, even in-
side the same municipality, with different numbers of materials selected. As a very assorted
market system, the interactions among actors are frequent and varied: collectors and munici-
pal policy makers debate stably to fit the national recycling targets; SW management involves
quite deeply households, asking for an increasing effort in waste sorting and proposing to
them evolving schemes of collection (separation of new materials, scheduled retreats, use of
admitted plastic bags). As the higher involvement of citizens claims for more sophisticated
payment schemes, PAYT tariffs progressively replace the waste tax. This asks for a change in
the common artefacts, for instance in the street dumpsters, that are equipped with scales,
skullcaps and electronic keys to register more precisely the quantity of SW conferred and to
match it to the deliverer. Nonetheless, the existence of a wider network of agents favours the
rise of innovation even in the form of assignment of new functions to existing artefacts: this is
the case of RFID and transponders (see Section 3), commonly used in electronic ticketing sys-
tems and in logistics, and now applied to waste bags. The same happened with underground
dustbins, a technology belonging to firms operating in the construction of interred parking lots

and proposed as a solution to avoid ground occupation by dustbins in urban environments.
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(iv) Finally, the “hard recycling” is the market system of the integrated approach once ad-
dressed to a SW selection higher than 50-60%. In the whole EU, Germany was over 60% in
2017 (67.3%) while Slovenia (58.9%), Austria (57.7%), the Netherlands (55.9%), Belgium
(54.6%), and Lithuania (52.5%) passed the lower threshold. Hard recycling is the market sys-
tem that fulfils the prospected evolution of SW management according to most advanced
norms and regulations, such as the EU Priority Ladder Principle (Reggiani and Silvestri,
2017).

Banning the landfill and considering the incinerator a residual and temporary option means
electing as central agents collectors and production chain consortia in an Enterprise Resource
Planning (ERP) system (Favot et al., 2016). The firms operating in this market system are
quite similar to the previous (iii), with an even deeper attention in communication agencies
and service organizers such as a multiutility company. In this system the involvement of
households is at the top, regarding not only the awareness in correctly selecting SW, but also
the education in buying goods with lower contents of packaging. Interactions are character-
ized by the kerbside collection method and by PAYT charging, and main relevant artefacts are
prepaid waste bags and tracking equipment. Innovation in this market system is organization-
al: the need to reach higher performances in collection and selection drives the introduction of
minute solutions, such as the eco-mobiles and the cited use of donkeys as collection means in
perched urban centres.

6.2 Narratives in the SWM markets

In the context of the theoretical framework developed above, CT comes to integrate the
more traditional neoclassical approach in explaining innovation dynamics in the SWM indus-
try. While the latter considers the role of firms in fostering innovation in the sector, it also al-
lows to employ the key categories of CT for analysing the broader social context in which in-

novation is realized. As highlighted above (Section 5), along with agents, artefacts and their
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interconnections, two other notions are particularly useful to explain the current innovation
dynamics in the SWM industry: narratives and scaffolds (see Table 2).

Through narratives, agents can identify the cognitive process that allows themselves to ori-
ent future actions, to compare it with other points of view, to address their action to medium-
and long-run objectives.

In SW management, there are some recognizable narratives that play relevant roles in justi-
fying and supporting some of the market systems illustrated in the previous section. The most
famous are “Zero-waste” and “Zero-landfill” narratives.

Zero-waste promotes the feasibility of an almost complete elimination of SW disposed in
end-of-the-pipe facilities, either landfills or incinerators. It is supported by an international
network of non-profit associations, the Zero-Waste Alliance (ZWA), which helps industry
and communities pursuing “a future without waste and toxic materials”. According to ZWA,
“Implementing Zero-waste will eliminate all discharges to land, water, or air that may be a
threat to planetary, human, animal or plant health”®,

Another prominent narrative is the Zero-landfill option. Perceived as a deception by Zero-
waste advocates, it promotes the integration of different waste management methods to
achieve the objective of dismantling landfills in favour of a mixed system of recycling and
waste-to-energy plants. On a global scale, the incineration segment still exhibits significant
growth trends, mostly in EU countries experiencing a transition dominated by the aim of
phasing out landfills as much as possible. There is a clear correlation among incineration, re-
cycling and landfilling; countries that divert less than two kilograms/year per capita adopt a
balanced combination of incineration and material recycling while countries that do not incin-

erate rely on landfills for more than 30% of their SW. According to proponents of Zero-

9 www.zerowasteeurope.eu/about/principles-zw-europe, accessed November 215t 20109.
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landfill, this is a hint that incineration is complimentary, rather than contrary, to recycling in
the effort of phasing-out landfills (Massarutto, 2015). Both the technical (Cossu, 2011; Brun-
ner and Rechberger, 2015) and economic literatures (Massarutto et al, 2011) consider SW in-
cineration as a key element of an integrated SW management strategy, emphasizing the com-
plementarities between recycling and energy/thermal recovery from SW. The energy issue is
stressed by promoters as a relevant environmental outcome of this approach, since energy
from waste is 50% due to renewable materials contained in the waste flow, with a potential
doubling of energy generated from waste in next years (Massarutto, 2015).

Finally, the Zero-landfill narrative disputes the presumed superiority of pure recycling with
integrated methods relying also on waste-to-energy. From an economic perspective, the in-
creasing marginal costs of SW selection, combined with the lower quality of materials col-
lected for higher separation ratios and with imperfections and bottlenecks in the downstream
segment of second-hand raw materials, suggest that recycling is not a viable option at any
cost. Extreme recycling scenarios claim a kerbside system reaching 75% or more of separate
collection, a realistic assumption for small cities and rural areas but not for urban ones (Mas-
sarutto, 2015). Jamasb and Nepal (2013) discuss the UK waste management strategy compar-
ing a “business as usual” setting with the full implementation of the EU waste directive and
finding that waste-to-energy is the dominant SW management technique in terms of social

cost-benefit.

Table 2. Features of different SWM Market Systems. Source: authors

< Table 2 here >

6.3 Scaffold in the SWM markets
In addition to narratives, according to CT, other useful tools in describing innovative envi-

ronment dynamics are scaffolds (see Section 5). While narratives provide agents with a medi-
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um-long-run objective, leading the way to a possible change, scaffolds back them in the day-
by-day relationship with an environment pressured by internal and external change. In fact,
the main role of scaffolds is to strengthen the network ties among agents and artefacts through
actions like the exploration of new options, dissemination, interpretation, circulation of in-
formation, and experimentation with solutions.

In the field of SWM, we can already identify the existence of relevant scaffolding struc-
tures. The most prominent is maybe the LIFE programme, EU’s funding instrument for envi-
ronmental and climate action. Since 1992, numerous LIFE projects have addressed the tech-
nical feasibility and financial viability of methods and technologies to enhance environmental
performance in the waste sector. According to the LIFE Programme database!®, from 1992 to
2013, 579 out of 4.171 (13%) financed projects focused on waste management issues; 369 of
them are related to non-industrial waste, and 101 are identified as SW.

Other prominent SWM scaffolds can be identified in common platforms such as the
aforementioned ZWA and in other initiatives implemented by environmental NGOs.

ZWA is an international network born in the US, with supranational, national and regional
ramifications of non-profit associations conveying the Zero Waste narrative and helping firms
and local communities to increase the percentage of recycling and reduce source waste. The
aim of the network is to circulate information, best practices and standards to a community of
current and potential members.

Many environmental NGOs act as scaffolds in different countries. This is the case for the
Italian Legambiente, which, since 1994, has ranked Italian municipalities yearly based on the

percentage of SW selection achieved, it organizes an annual national prize to award the high-

10 LIFE Programme database, available at: http://ec.europa.eu/environment/life/project/Projects/index.cfm. Ac-

cessed November 20t 2019
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est achievement, and publishes many annual reports on the waste issue, including the annual
dossier on criminal activities related to the environment and waste diversion.

Another important scaffolding role is played by international waste management fairs. The
most relevant in Europe are the biennial fair of Munich (IFAT - International Trade Fair for
Environment, Waste Water and Waste Disposal) and the annual fair in Rimini, Italy
(Ecomondo) while Istanbul’s REW Recycling and St. Petersburg’s waste management, tech-
nology and equipment fairs are also gaining significant importance.

Finally, there are the international multidisciplinary journals that disseminate information
and update the debate among researchers and practitioners on innovation and technical change

in the waste industry.

7. Conclusions

While innovations have gained increasing importance in the SW industry, the analysis of
their evolution over time has been rather neglected by literature on eco-innovation. Moreover,
the same issue when addressed by the specialized literature in waste management seems to
have been confined to process innovation and to the disposal sector. This paper has argued
that Neoclassical and CT approaches can be combined to develop a comprehensive theoretical
analysis of innovation in this industry.

With its emphasis on firms and market forces, Neoclassical theory is effective in illustrat-
ing the type of M&A that concentrated the market during the ‘90s and brought out integrated
multiutilities as relevant players, a condition that is consistent with the low investment in
R&D and the lack of drastic innovations in the SW industry. On the other hand, CT allows an
in-depth investigation of the functioning of the SWM industry based on the notion of a “mar-
ket system”. By combining these approaches, it is possible to identify different typologies of

the SWM market system, each exhibiting different propensities towards innovation: (i) a “tra-
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ditional” landfill-oriented system; (ii) a modern “waste-to-energy” incinerator-oriented sys-
tem; (iii) a “light recycling” system with integrated solutions and a selection performance that
is lower than 50%; and (iv) a “hard recycling” system where the selection performance is
higher than 50%.

While these typologies seem to coexist in various contexts, denoting different levels of de-
velopment of this industry, they also identify possible stages of a trajectory of advancement of
the SWM sector, which can be supported by national environmental public policies that are in
line with the EU Priority Ladder Principle. From this perspective, the theoretical approach de-
scribed in this paper provides a useful framework for understanding the development stage of
the SWM industry. The proposed framework comes with specific policy implications. In fact,
while it recognizes the relevance of policies for improving structural and firm conditions for
innovation (associated with, for instance, the regulation of market competition, firms’ econo-
mies of scale and investments for technological upgrading), it also suggests the relevance of
public actions to promote a social context in which firms operate that is suitable for innova-
tion by encouraging the closeness of the relations in “agent-artefact spaces”. This latter aspect
highlights the crucial relevance of cultural policies that are oriented to influence consumers’
attitudes and ecological sensitivity that may foster pro-environmental behaviours, incentiviz-
ing eco-innovations.

From this perspective, while this paper offers useful insights to identify proper leverages
for fostering sector innovation dynamics, further explorations in this field could be devoted to
empirically testing the effectiveness of the proposed theoretical framework in explaining
SWM innovation by comparing different experiences and performances over time. This may
be a promising research line to improve our understanding of the SWM industry that has

proven to play a key role in fostering environmental sustainability.
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Figures and Tables

Figure 1. Models of market system in a complexity-neoclassical integrated framework
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Table 1 Agents, Artefacts and their interactions in the SWM Industry

Categories Items

National policymakers (regulators)
Regional planners
Municipal planners

Agents District organizers/controllers
Collection operators
Disposer operators

Equipment suppliers
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Product designers
Production/Extended Responsibility chain consortia
Households and assimilated (offices, retailers, shops)
Waste bags
Transponders
Waste tracking electronic equipment
Domestic bins
Street dumpsters
Subterranean dumpsters
Artefacts
SW depot (ecological islands)
Collection means
Waste-to-energy plants
Incinerators
Landfills
RDF
Types of collection
Street collection
Mixed (Some materials collected at home, other with street dumpsters)
Kerbside
Types of disposing
Interactions in the space agents-
Landfilling
artefact (from lower to higher
Incineration

closeness of relations for each
Incineration with energy recovery

segment)
Mechanical sorting and materials recovery
Types of charging
Waste tax
Mixed (Waste tax with discounts and variable charges)
PAYT
Table 2. Features of different SWM Market Systems. Source: authors
i. Traditional ii. Waste to Energy iii. Light Recycling iv. Hard Recycling
Agents Collectors, Collectors, Collectors, Collectors,
Disposers (formerly mu- Disposers, Disposers, Disposers,
nicipality-owned firms), Integrated operators (multiutili-  Integrated operators (multiutili- Integrated operators (multiutilities),
Local planners ties), ties), Households,

Energy producers, Households, Communication & media experts
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Artefacts

Narratives

Scaffolds

Interactions in
space agents-

artefact

Landfills
Street dumpsters, Truck

compactors

A residue of the past to be
abandoned, albeit still re-

sisting

Technical offices of public

bodies

Street collection, Land-
filling,

Waste taxation

Technology producers (big
companies),

Regional planners
Incinerators,

Street dumpsters,

Truck compactors,
Subterranean dumpsters,

RDF

Future of waste industry, inte-
grating a health activity with a
productive one (environmental
double dividend)
Technological fairs,

Industrial associations

Street collection,

Waste taxation,

Technical relation among ex-
perts

Energy markets

Communication & media experts

Regional planners

Domestic bins,
Street dumpsters, Subterranean
dumpsters,

SW depot (ecological islands)

Zero Landfill

EU LIFE Program,

Industrial and environmental fairs

Street collection,

Mixed collection
(kerbside+street),

Light multi-material,

Waste taxation,

Mixed charges (waste taxation +

discounts and variable charges)

Local planners

Waste bags,

Transponders,

Waste tracking electronic equip-
ment,

Domestic bins,

SW depot (ecological islands)

Zero Waste

Environmental fairs,
EU LIFE Program,

Ecologic awards

Kerbside collection (door-to-door),

Heavy multi-material collection,
Mechanical sorting and materials
recovery,

PAYT
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