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ABSTRACT
Creating a circular economy poses multiple challenges yet has social opportunity. 
It represents a key approach to implement the management of more sustainable 
waste flows to achieve win-win solutions consistent with the EU environment goals, 
and with the social-economic expectations. As part of the comprehensive outcomes 
of the EU funded research project REPAIR, the paper presents the results for new 
technological soils, designed with the aim of implementing the number of products 
coming from the recycling of both C&D waste and organic waste. The paper discuss-
es the technical issues of this solution in the framework of the specific characteristic 
of its supply chain. The research aim is focused on the design approach, working on 
the new products and process at once. Further, the project highlights the importance 
of dedicated local networks for sharing knowledge in between different stakeholders 
and experts, and for promoting innovation at local scales.

1. INTRODUCTION
The paper presents several of the outcomes of the EU 

Horizon 2020 program - REPAiR (REsource Management in 
Peri-urban Areas). The project aligns with several initiatives 
of the European Commission oriented toward establishing 
circular economy processes by limiting resource consump-
tion and waste disposal (EC, 2010; EC Horizon 2020, 2019; 
EEA European Environment Agency, 2015). The general aim 
of the project is reducing waste flows through a better use 
of secondary raw materials, especially focusing on Con-
struction and Demolition Waste (CDW) and Organic Waste 
(OW). These categories are both included in the priority 
list identified by the EU Action Plan for Circular Economy 
(COM (2015) 614 final) due to their value-chains potentials 
and their environmental footprint. Further, C&D waste is the 
largest flow in the EU based on volume (EU Commission, 
2018), while organic waste (namely bio-waste), is estimat-
ed at 180 kg/ pro capita/ per year (EU Parliament, 2015). 

According to these insights, the specific aim of the re-
search is to figure out new forms of circularity, addressing 
recycle and reuse of both C&D waste and bio-waste through 
the design of innovative processes, specially focusing on 
the opportunities of implementing collaborative design 
practices. The paper presents the results of the DiARC re-
search team, stressing the concern of short supply-chain 
and local networks as key strategies for promoting recycle 
and reuse at local scales. Despite the fact that the recycling 
operations for C&D waste and bio-waste are not complex 

(due to they both work on well established technologies), 
the management of their supply-chain is quite hard be-
cause it includes the collaborations of manifold subjects; 
the compliance of strict regulatory standards, and it pro-
vides low economic returns. Additionally, the major chal-
lenge in reducing waste flows is the systemic approach to 
the design process, embedding economic issues, social 
habits and technological responses into planning (EU, 
2013). 

This research also assumes that the transition toward 
more sustainable waste management is not only a techni-
cal matter but it depends on creative visions by which break-
ing the circuit “take-make-dispose”, and promoting design 
solutions for implementing circularity locally, stressing the 
concept of a 0KM supply-chain. Research background con-
cerns two main fileds of interests: 1) planning approach, by 
which it is possible to integrate the goals of waste reduc-
tion into the comprehensive territorial strategy, especially 
focuses on the regeneration of peri-urban areas; and 2) the 
design of artificial soils, as Eco-Innovative Solutions (EIS) 
aimed at both producing ecosystem services and new 
public spaces (Rigillo et al., 2018). These solutions will po-
tentially lead to the modification of existing waste flows, 
reducing the impacts coming from transport (mainly eco-
nomic), and implementing the recycling of raw materials 
into new flows and processes. Moreover, the artificial soils 
are designed for being part of new green-infrastructures in 
the peri-urban area, producing original landmarks for these 
areas often under-used, abandoned and/ or polluted.
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As part of the research assumption, the paper posits 
short supply chain as prime condition to re-think waste 
management as site specific and eco-innovative process, 
facilitating circular economies locally, and offering benefits 
for local inhabitants and stakeholders. Short supply chain 
can reduce current costs and the impacts related to waste 
transport; it improves the awareness of local communities 
about the potential value of wastes, and strengthens the 
importance of user’s habits in separating household waste 
(Berruti, Palestino 2017). The research devises a set of 
“overlapping networks” (Figure 1) as collaborative strate-
gy for developing co-design experience, merging different 
competences and expertise into dedicated Living Labs. 
The networks focus on the goal of shortening waste sup-
ply chain locally through the proposal of a new recycled 
product (techno-soil) made by the combining of construc-
tion debris and compost. Further the different Labs val-
idated the latter in operational and regulatory terms, and 
spent their expertise for designing the new peri-urban land-
scapes (namely green infrastructure and new public spac-
es). Techno-soils have been here interpreted as innovative 
resources thanks to the implementation of more inclusive 
design approach, decoupling economic growth from re-
source consumption and environmental depletion (UNEP, 
2011).

2. STEPS IN METHODS
2.1 Case study area

REPAiR focuses on peri-urban areas, intended as terri-
tories characterised by a mix of dispersed urbanised and 
rural areas, interlinked with infrastructures, agriculture and 
natural patches (Formato, Amenta & Attademo, 2017). The 
Italian case study is the Metropolitan Area of Naples. It in-
cludes 92 municipalities on a total area of 1.171 km, in-
habited by 3.117 million people. In this area, between 1994 
and 2009, the Regional Waste Emergency, and the newest 
phenomenon of the so-called “Land of Fires” increased the 
environmental risk from soil pollution (Berruti & Palestino, 
2019). These crises depend on both the government ina-
bilities and on the poor governance of waste management 
(REPAiR, 2017). Acting as a driver for further improper land 
uses and for out-of-control activities, the waste emergen-
cies contributed to turning open spaces and agricultural 
plots into abandoned and neglected landscapes (Berruti 
& Palestino, 2017). In this context, circularity represents a 
key challenge for designing a waste supply-chain capable 
of improving job creation and fostering social acceptance 
locally.

Whithin the Metropolitan Area of Naples, the research 
defined a Sample Area (Figure 2). Such identification has 

FIGURE 1: Overlapping networks (UNINA graphics).
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FIGURE 2: Case study area (UNINA graphics).
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been made based on the activities of the PULLs, and it 
aims at defining a smaller area featured by the same phys-
ical, socio-ecological and administrative characteristics 
that describe the entire Metropolitan Area of Naples.

2.2 Definitions adopted 
2.2.1 Eco-innovation

The starting point of the study has been the EU defini-
tion of eco-innovation as both technological and non-tech-
nological innovation «that create business opportunities 
and benefit the environment by preventing or reducing their 
impact, or by optimising the use of resources […] It encour-
ages a shift among manufacturing firms from “end-of-pipe” 
solutions to “closed-loop” approaches […] by changing 
products and production methods – bringing a competi-
tive advantage across many businesses and sectors» (EC, 
2014). Such definition stresses the need for achieving a 
comprehensive approach to innovation, putting in evidence 
the request of win-win solutions able at improving environ-
mental efficiency as well as social and economic invest-
ments. In order to do this, the research defines Eco-Inno-
vative Solution as «elementary responses to case-specific 
problems, in a contextual approach towards innovation, 
where the real innovation is the process to achieve the re-
sult» (REPAiR, 2018).

2.2.2 Circular Economy
The study refers to the definition of a circular economy 

as «an industrial system that is restorative or regenerative 
by intention and design. It replaces the ‘end-of-life’ concept 
with restoration, […] and aims for the elimination of waste 
through the superior design of materials, products, sys-
tems, and, within this, business models» (Ellen MacArthur 
Foundation, 2013, p.7). Such definition looks at a quanti-
tative reduction of waste flows according to territorial and 
socio-economical interfaces. Hence, it refers to the busi-
ness model as a not-neutral tool for oriented regenerative 
and/or restorative processes, thus shifting the concept of 
circularity from the single field of the environmental care to 
that of industrial and social innovation.

In the framework of the REPAIR research, the principles 
of circular economy are mainly referred to design waste 
supply chain featured by being adapted to the local pro-
ductive context and to the social practices. Further, this 
research posits short waste supply chain as a key goal, 
both in order to identify technical and social constraints 
locally, and overcome the typical CE model, focused on re-
source-reduction approach (Ellen MacArthur Foundation, 
2015). The research works on the circular reuse of wast-
ed materials (CDW and OW) through a systemic planning 
approach, designing the waste supply chain as a technical 
and economic opportunity for the regeneration of peri-ur-
ban landscapes, especially those abandoned or polluted 
(Formato, Attademo, & Amenta, 2017). 

2.3 Designing innovative strategies
2.3.1 Waste flows analysis 

The research approach starts from the analysis of 
waste flows (C&D waste and organic waste) within the 

case study area by the aim of detailing their life cycle as-
sessment (LCA), and of spatializing their flows at local and 
national scale. Data collecting was made thanks to the 
data source of Regione Campania, and according to the 
constraints of the Geodesign Decision Support Environ-
ment (GDSE) model, that is part of the REPAIR innovative 
approach to planning. GDSE is a web-based open-source 
tool that adapts the geodesign framework for the purpose 
of spatial diagnosis and elaborates scenarios about the 
application of systemic eco-innovative strategies to territo-
ries (Arciniegas et al., 2019). Thanks to the GDSE tool, we 
visualize the different typologies of C&D waste flows and 
the organic flows within Italy, specializing the relationship 
between the waste production sites and their destination 
inside and outside Campania Region (Figure 3). 

Waste flows analysis shows most of both C&D and 
organic waste flows directed out of the Region. Such re-
sultants are consistent with the fact that few treatment 
plants work in the study area, but above all, it reflects the 
social difficulty to accept the construction of new ones. 
With regard to the technical constraints, the main barrier 
in recycling organic waste is the lack of efficiency in the 
household refuse selection - mainly dependent on the fi-
nal user’s skills. The lack of user’s ability in waste selec-
tion produces low quality material, not consistent with the 
requirements for returning recycled organic substances 
(namely compost) in the biological cicle. Similarly, the de-
ficiency of guidelines and protocols for facilitating build-
ing demolition, places construction debris into the “special 
waste” list, due to the pollutants potentially embedded in 
(Codice dell’Ambiente, d.lgs n.152/ 2006); further, the cost 
of a waste audit, together with the difficulties to re-intro-
duce debris into the construction supply-chain as second-
ary raw material, reduce the opportunities for recycling and 
reusing C&D waste. In addition, the special condition of the 
case study area, affected by both poor social context and 
informal/ illegal activities, makes the control of the debris 
disposal very hard, so that the unauthorized dumping is 
recognized as a public emergency in the area.

2.3.2 Innovative design process: collaborative networks for 
devising waste supply chain 

With the aim of integrating waste reduction goals into 
peri-urban planning, the research provides a collaborative 
design process for making waste supply-chain part of the 
future territorial development. The research develops a 
proper method for involving stakeholders into the project, 
designing collaborative networks for enhancing co-design 
within a panel of experts and beneficiaries, both acting in 
the context of the case study area. In order to do this, a 
number of Peri-Urban Living Labs (named PULLs) (REPAiR 
2018) were planned since the beginning of the project in 
2016. They are aimed at facilitating knowledge transfer 
through different subjects and different goals, according 
to the Lab participants specific. The results of the differ-
ent Labs were discussed within all the subjects involved, 
adopting the process of the “overlapping networks”. The 
latter was designed as dedicated Labs, where both expert 
and not-expert subjects can merge their different compe-
tences. The purpose of these networks is to collaborate 
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in devising proposals for shortening the C&D waste and 
organic waste supply chains, enhancing the many points 
of view, and the specific knowledge about the site-specific 
potentials and constraints. Such method merges togeth-
er the goals of co-designing and validating new products 
(techno-soils). A further focus was given to the proposal 
of using techno-soils for planning new green infrastructure 
and public spaces in the peri-urban area. Techno-soils have 
been here interpreted as innovative resources to be reused 
thanks to the implementation of more sustainable, inclu-
sive and circular waste metabolisms, decoupling econom-
ic growth from resource consumption and environmental 
depletion (UNEP, 2011). 

The strategy adopted aims at streamlining the main 
criticalities affected the waste flows management and 
discussing effective solutions for reducing waste1. The re-
search identifies the following steps:

a. Recognizing wastescapes in the case study area;
b. Providing potentials scenarios for improving 0KM sup-

ply-chain for C&D waste and Organic Waste;
c. Producing a comprehensive master plan for both im-

proving peri-urban environment and waste manage-
ment.

Participants co-created several GIS-based maps of the 
case study area, in which the layers of spatial information 
were overlapped to those related of the wastescape per-

ceptions, and discussed (Figure 4). Such methodology im-
plements the comprehensive understanding of peri-urban 
area, and improves the site description with both the over-
lay of thematic maps (based on the official data-sources) 
and further layers, coming from bottom-up information. 
Description is here considered as the main conceptual 
tool for catching the inner characteristics of the place. 
Therefore, information coming from the Repair Labs sup-
ports the mapping process in recognizing abandoned and 
neglected areas in the Sample Area, and producing a new 
understanding about planning opportunities (Figure 5). 

According to the advances produced, the co-design 
process provided three eco-innovative solutions aimed 
at creating a tentative frame of action for implementing 
waste management (Rigillo et al., 2018). Starting by the 
waste flows analysis (C&D Waste and Organic waste) the 
research groups developed the spatial proposal for waste 
supply-chain into the sample areas, promoting different po-
tential scenarios (Russo et al., 2019). Each proposal takes 
advantages from the skilled views of the Peri-Urban Living 
Labs (PULL) participants, and from the opportunity of de-
picting criticalities at a local scale.

Therefore, the research introduces a Master Plan for 
waste reduction (Figure 5), running on the following points:

1. Free C&D waste disposal sites, aimed at intercepting 
those construction and demolition waste that could not 
otherwise be transferred to the recycling sites (i.e. de-

FIGURE 3: Existing organic waste flows in the case study area (UNINA graphics).
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bris from small household works, done without admin-
istrative requirements or executed by poor construction 
companies); 

2. C&D waste recycling sites (disassembling, reuse and 
zero-km selling), aimed at extending the life cycle of 
construction products and materials; 

3. Inclusion of organic waste disposal sites into public 
and private spaces (and roads), aimed at promoting 

friendly-users waste collection sites in streets and 
household condominiums;

4. Design of treatment plants for recycling of organic 
waste. The aim is to avoid the concentration of big 
treating plants into hyper-specialized spaces, for fa-
cilitating social acceptance, merging new sustaina-
ble public spaces with operational infrastructures of 
waste; 

FIGURE 4: Existing organic waste flows in the case study area (UNINA graphics).

POTENTIAL CONTAMINATED SITES CENSUS OF POTENTIAL CONTAMINATED SITES
(EX SIN Litorale Domitio Flegreo and Agro Aversano (2016) FORMER LANDFILL “SCAFATELLA” WASTESCAPES PUBLIC PROPERTIES

1

1

Name Code Address Municipality Province Property Tipology 
of site

Contaminat-
ed matrix Pollutants Process 

2016 Activity Area coord. X coord. Y

Pellini Srl 3001A504 Via Tappia, 35 Acerra NA Private Waste treatment 
plant

Waste treatment 
plant 0 444986 4533208

Zito recupero 
Plastica Sas 3001A520 Via Volturno, 61 Acerra NA Private Waste treatment 

plant
Approved 

Characterisation Plan
Waste treatment 

plant 4754 445042 4533174

Ecotrasporti 3001A549 Via Volturno, 61 Acerra NA Private Productive 
activity

Productive 
activity 0 445051 4533180

Regi Lagni 1506A001 Regi lagni Regional site - - - - - Pubblic Surface water
Soil/Surface 

and 
groundwater

Dioxin and Furans, Metals, 
PCB, IPA, Hydrocarbons, 
Pesticides, Carcinoges 

chlorinated aliphatic

Implemented 
characterisation 

plan
Other 0 0 0

Sommarco 
Salvatore 3001A513 Corso Italia, 91 Acerra NA Private Productive 

activity
Productive 

activity 0 446439 4531619

Ex F. lli Costa 3001A536 Loc. Marchese Acerra NA Private Dismissed 
activity

Productive 
activity 0 446148 4531566

P.V.C. Agip - ENI 
N. IT59353 3001A528 Via Benevento Acerra NA Private Fuel service 

station
Fuel service 

station 0 446036 4530910

Terracciano 
Sabato 3001A545 Contrada Area di 

Settembre Acerra NA Private Productive 
activity

Productive 
activity 0 446579 4530500

Leonardo Spa 
(Ex Alenia 

Aeronautica Spa)
3057A511 Viale dell’Aero-

nautica
Pomigliano 

d’Arco NA Private Productive 
activity

Soil/
Groundwater

Metals, Cartinogens 
chlorinated aliphatic

Implemented Risk 
Analysis, Monitoring 

Groundwater

Productive 
activity 392520 448573 4529594

2

3

4

5

6

7

2

3

4
5

6

7
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FIGURE 5: Proposed masterplan: New lands strategy (Graphics UNINA TEAM 2018).

0 0.5 1 1.5 Km



M. Rigillo et al. / DETRITUS / Volume 11 - 2020 / pages 35-4442

5. Locating new eco-districts and green infrastructures 
within the Master Plan, aimed at placing soil produc-
tion into the waste supply-chain, so that new artificial 
soils could represent an effective, response within land-
scape re-development operations.

2.3.3 Innovative products: designing artificial soils 
The design of artificial soils, thanks to the reuse of con-

struction debris, is aimed at implementing the products 
typologies coming from C&D waste recycle. New techno-
logical soils are part of the proposal of green peri-urban 
infrastructure targeted at providing ecosystem services 
and at raising the level of the existing living conditions. 
The proposal refers to the typically War World II bombing 
debris management, where C&D waste was used as hard 
soils, while excavated soils as well as composting of or-
ganic waste treatment will be combined for realized top 
soils (Figure 6). These new soils will be seeded by pioneer 
plants such as the Arundo Donax and other local species. 
Arundo Donax, especially, has been selected because its 
soil remediation capacity (Kennenk & Kirkwood 2015; Bon-
fante et al. 2017).

The research focused on techno-soils for implementing 
“green-infrastructure” and “new soils” as models for test-
ing a sort of “new recycled product”. The study especially 
deepens the opportunities of new green border-belts, as a 
sort of "green-grey infrastructure" along the existing motor-
ways, which can also host areas of C&D waste collection, 
and first treatment areas of post-construction waste (Fig-
ure 7). 

3. DISCUSSION
Co-design is more than simply sharing of and trans-

acting on resources, risk and reward. It refers to specific 
culture both about technical tools and social innovation 
(Manzini, 2015). It is about integrating across different val-
ue nodes throughout the ecosystem and thereby creating 
new markets and more effective business models, which 
wouldn’t exist otherwise (EU 2016). Hence, the renewing 
of the existing behaviours and patterns (technological, so-
cio-political, environmental and economic) represent a key 
target for implementing circularity. Especially, circularity 
has to merge collaborative processes to produce increas-
ing consciousness, and many types of responses accord-
ing to different contexts and categories:

• Products-related innovation, as the so-called eco-inno-
vative solutions (including techno-solis), to implement 
circularity;

• Process-oriented innovation, as the development of 
new decision-making models, collaboratively building 
interactions and connections within un-expected ac-
tors;

• Services-proactive innovation, as the ultimate goal is 
the mixing between competences and opportunities, in 
order to increase circularity feasibility.

Circularity is an urgency for urban planners and deci-
sion makers. The design experience produced by Naples 
research group starts from local scale analysis, looking at 
the site-specific problems/ objectives/ priorities for pro-

FIGURE 6: C&D Waste recycle process (Graphics UNINA TEAM 2018).
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ducing simple and transferable solutions. In this case, the 
mapping activity is crucial for reaching a common aware-
ness of peri-urban problems, and for recognizing opportu-
nities and criticalities at local scales. Further, circular and 
multi-scale processes generate effective proposals for 
short supply-chain based on the local capacities of actors 
and stakeholders, enhancing embedded skills and visions. 
In addition, the analysis of waste flows together with the 
map of existing wastescapes provided an operational 
framework to apply innovative strategies and technologies 
to facilitate a sustainable transition towards better territori-
al conditions of welfare, liveability, and cooperation around 
stakeholders. 

In order to do this, PULLs achieved a common under-
standing that there is no real empowerment of stakehold-
ers without the availability to put themselves at stake and 
to take action in the process. Within this research, stake-
holders’ participation has been considerd the precondition 
for co-creation of solutions capable of activating circularity 
and change models.

Further, the Living Labs (LLs) philosophy is in line with 
the shift from a product-oriented economy towards a ser-
vice-oriented economy. LLs rely on Public-Private-Peo-
ple-Partnerships (PPPP), as citizens and local associa-
tions are considered as an important source of knowledge 
and experience for the innovation process (Innovation 
Alcotra, 2013). This collaborative approach among ac-
tors defines specific “enabling conditions”, supporting 

the identification of operative tools and facilitating deci-
sion-making processes. 

The combine C&D waste and organic waste into new 
artificial soils represented a low-cost opportunity to acti-
vate an incremental decision-making process capable of 
designing operational models for circular economy applied 
to both the selected waste typologies and peri-urban land-
scapes. The loop of decision-making process becomes an 
action of legitimacy for its achievements, as well as pos-
itive feedback which builds trust among the participants, 
while wicked problems can be driven out through new col-
laborative and cooperative processes.
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