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Abstract: The current Waste Electrical and Electronic Equipment (WEEE) management system of
the European Union to be applied in all member states was introduced in 2002 by the first WEEE
directive (2002/96/EC). Since the beginning, the system was intended to improve the management
of WEEE and promote circular economy principles in the sector. This study aims at evaluating the
environmental and social impacts of the WEEE management system in Italy, with a special focus
on collection and recycling in Campania Region (the third more populated Italian Region, Southern
Italy). The Life Cycle Assessment (LCA) is jointly applied with the Social Life Cycle Assessment
(S-LCA). All five categories of WEEE (R1 to R5) are considered in the assessment. The LCA results
show that the extraction of metals and materials from 1 tonne of WEEE collection and recycling
generates much lower environmental impacts than the extraction and refining of an equivalent
amount of virgin resources. In particular, the results of the environmental LCA highlight that the
treatment of 1 tonne of WEEE collected in the Campania Region provides the opportunity to recover
several metals such as Aluminum, Iron, Steel and ferrous materials, Copper, Nickel, Lead, and
precious metals (Gold, Silver, and Palladium). According to S-LCA, the collection and recycling
of 1 tonne of WEEE provides positive impacts to the investigated sub-categories of recipients (i.e.,
local community and society), except in some cases where the collection may potentially generate
negative impacts, expressed by a lower “safe and healthy living conditions” indicator in the local
community sub-category. In particular, much more must be done to support small Municipalities
towards better collection procedures and integration within the largest Regional and national WEEE
valorization networks. Solutions are suggested to improve the transition of the WEEE management
system towards a more just environmental and social circular economy model.

Keywords: EU Directives of WEEE management; WEEE recovery versus primary materials extraction;
WEEE circular economy; LCA and S-LCA across scales

1. Introduction

The trends of waste electrical and electronic equipment management (WEEE) are a
growing worldwide issue. So far, many studies have highlighted the continuous growth of
the production of WEEE or e-waste, due to the reduced lifespan of electrical and electric
equipment (EEE) and the continuous upgrading/launching of new EEE versions (e.g.,
mobile phones, personal computers, etc.) by companies influencing consumers to replace
the old devices [1,2]. Massa and Archodoulaki [3] analysed the growth of WEEE in the
period 2014–2019 and found that only screens and monitors had a reverse trend, while the
other WEEE categories (e.g., large and small equipment, temperature exchange equipment,
and small ICT devices) have grown by 4–7%. The consumption of some of the metals
contained in WEEE, such as copper, iron, gold, silver, lead, and zinc and their accumulation
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in stocks (which can also be considered WEEE) has achieved amounts higher than those in
known natural deposits [4,5].

WEEE prevention and valorization [6–8] in a Circular Economy perspective [9] are
therefore necessary resource savings measures to preserve the known natural deposits
of these scarce materials [10] and continue to rely on them for the manufacturing of new
technological devices. The EU has defined lists of Strategic Raw Materials and Critical
Raw Materials. In both lists, metals like Copper and Nickel, largely recoverable from
WEEE, are also included [11]. WEEE valorization started to be promoted in the EU more
than two decades ago using an amendment to the first WEEE directive (2002/96/EC) [12].
The latter has been replaced by another directive (Directive 2012/19/EC) [13] regulating
WEEE management in the EU. This directive encourages both sustainable production and
consumption and the environmental performances of EEE products over their entire life
cycle, namely the design and production stages, by connecting them with the end-of-life
stage [14].

Several stakeholders, such as producers, consortia, distributors, consumers, munici-
palities, operators of the treatment plants, the local community, and society, are involved in
the whole life cycle of EEE products. The EU Directive also promotes the CE principles in
the sector [15] with “prevention”, “reuse” and “repair” placed at the higher levels of the
waste hierarchy before “recycling” [16]. The problem is that “recycling” is an industrial
activity, which, to be profitable, needs constant and relevant flows of WEEE [17]. These
features render problematic waste prevention, the shift from the linear/recycling economy
to the CE, and the reduction of the environmental and social externalities of recycling [8,17].
Finally, only about 40% of WEEE are collected in the EU, while data are missing or uncertain
concerning the remaining part [18].

Despite these shortcomings, the EU WEEE management system provides many ad-
vantages, encouraging collection in dedicated sites (e.g., collection centres, both fixed and
mobile, retailer’s shop’s smart bins and so on) and preventing WEEE abandonment or
improper handling before treatment. It also promotes the treatment of WEEE in industrial
processes, set up according to environmental and social standards [19]. The implementa-
tion of these latter ensures the commitment of an organization to perceive and improve
workplace health and well-being (e.g., by implementing ISO 45001 [20], decreasing the
health risks for the environment and people involved in the processing plants as well as for
the local communities around them. In some countries (e.g., China), WEEE treatment is
becoming similar to that of the EU in some processes (e.g., WEEE dismantling [19]), while
in other countries (such as Pakistan and several African countries), WEEE treatment is
still based on manual dismantling, burning of wires, extraction of precious metals using
their immersion in acids [2,3]. Such activities often occur in highly populated areas, nega-
tively affecting workers involved in the treatment processes and the local community [21].
Therefore, monitoring WEEE collection and management and assessing their impacts are
relevant and useful to promote transparency and convey feedback to policymakers towards
hopefully improving the current situation [21,22].

To clarify the WEEE management system, it should be preliminarily stated how are
WEEEs divided into main categories (R1, R2, R3, R4, R5) in Italy. R1 includes WEEEs from
refrigerators, freezers, and air conditioning devices; R2 includes WEEEs from washing ma-
chines, dishwashers, hoods, and ovens; flat screens from televisions, CRT screen televisions,
tablets, digital picture frames generate R3 WEEEs; the R4 WEEE category derives from
small appliances, electronic or digital appliances, lighting appliances, photovoltaic panels,
and finally R5 WEEEs mainly include exhausted discharge lamps, fluorescent lamps, neon
tubes, LED bulbs. Biganzoli et al. [23] and Fiore et al. [24] applied LCA in combination
with Material Flow Accounting to analyse impacts and mass balances of the five categories
of WEEE in Lombardia and Piemonte Regions (Northern Italy, Lombardia being the most
populated Italian Region). Biganzoli et al. [23] found that Steel is the main recovered metal
from R1, R2 and R4 WEEE groups, while Glass ranks higher in the treatment of R5 WEEE.
The environmental benefits of the WEEE recovery (resulting from replacing the primary
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materials and energy by means of recovered secondary items) offset the environmental
costs in all five groups (for almost all the impact categories). ABS (acrylonitrile butadiene
styrene) and PS (polystyrene) plastics are also recovered in essential quantities, while
precious metals, such as gold, silver, and palladium, are recovered in much lower amounts.
Fiore et al. [24] point out that the recycling rates of the R1, R2 and R3 categories achieve
80, 99 and 91% of the total material input at the recycling plant, while the most impor-
tant categories to which the recycling processes of these three investigated WEEE groups
(R1, R2, R3) contribute are marine ecotoxicity potential and freshwater ecotoxicity potential.

While many LCA studies highlight the environmental benefits of WEEE recovery in
the international literature, only a few studies investigated the social impacts of the whole
WEEE management systems using S-LCA individually or jointly with LCA. Concerning
S-LCA, Umair et al. [21] adopted this method to analyse the social performances and social
impacts of informal WEEE recycling in Pakistan. They considered as stakeholders’ cate-
gories: workers, local community, society, and value chain actors. These authors collected
the data for the assessment by means of interviews and on-field analyses. Their results
highlight that informal recycling mainly negatively impacts the health of workers and the
local community, but at the same time, it provides employment opportunities, reducing
poverty and favoring economic development. Therefore, they recommend Governmental
initiatives to protect the environment and the health of workers and local communities.
These authors also suggest the importance of monitoring the level of hazardous substances
in water and soil, the reduction of working hours and ban child labor to align Pakistan
regulations with those adopted at the international level.

Similarly, Abeliotis et al. [25] assessed the social impacts of WEEE reuse in Greece by
means of S-LCA to highlight the main factors to be considered to assess the social effects
of WEEE reuse. They perform the S-LCA within the framework of an interesting project,
namely REWEEE, funded by a Life EU programme, which aims to prevent the generation
of WEEE by means of their reuse and preparation for reuse as well as improvement of
awareness of reuse by the consumers. In their study, the authors assessed the social impacts
of a WEEE collection and sorting centre. Their results show that WEEE collection generates
positive social impacts regarding new jobs, particularly at the local level. Further positive
social impacts are accrued from the repair of household EEEs and the increase in their
lifetime. However, the authors highlight that these measures could decrease the demand
for EEE, generating negative social impacts on the manufacturing companies and the whole
EEE and WEEE supply chain.

It is important to consider that the WEEE directive (Directive 2012/19/EC) and the
transition to CE aim to improve the environmental sustainability of EEE products since
they promote sustainable production and consumption. In that, the EU aims to stimulate
a market of EEE where products generate lower environmental externalities. As a result,
some negative effects of the reuse can be compensated by better products on the market
and better use of natural resources. Therefore, these distributional aspects further underline
the relevance of conducting an S-LCA for policy decision-making.

Finally, Lu et al. [26] performed an interesting Life cycle sustainability assessment,
including LCA, LCC (Life Cycle Costing) and S-LCA in the analytical framework. They
compare two scenarios for recovering waste mobile phones in China: reuse of mobile phone
components (scenario A) and material recovery of mobile phones (scenario B). They also
compared formal and informal sectors in performing scenarios A and B for the recovery of
waste mobile phones. Their results highlight that both scenarios provide environmental
benefits in terms of avoided use of natural resources for the production of new products and
components, but the benefits are higher for scenario A compared to scenario B. Scenario
A is also better than B in the LCC results because the price of reusable components is
higher. The S-LCA framework considers both workers’ and local community stakeholders’
categories. The results indicate that the formal sector hired fewer workers than the informal
sector, but the wages, social guarantees and health conditions are much better.
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Italy (and Southern Italy in particular) is characterized by a very low rate of WEEE
collection and recovery [23,24]. This is due to several reasons: lack of a collection network
well distributed throughout the territory, weak participation, and awareness on the part of
citizens/consumers, lack of trust of stakeholders towards public administrations initiatives,
lack of educational programs to generate awareness and appropriate perception of benefits,
lack of incentives. This study evaluates via LCA the Campania region WEEE collection
and treatment stages. It compares it with Northern Italy’s performances, intending to
clearly show a global picture of the potential benefits that could be achieved if a circular
economy model were applied to the WEEE sector, per a series of EU and national Direc-
tives. Therefore, this study has two main joint goals. The first one is to point out the
environmental impacts and benefits of the collection and recovery of WEEEs compared
to primary materials from mining using the Life Cycle Assessment approach. In addition,
as previously mentioned, the study also aims at identifying the most important social
impacts (negative and positive) of the WEEE management system and test the contribution
of S-LCA to a formal WEEE management system of the EU.

2. Materials and Methods
2.1. The WEEE Management System in Italy

Figure 1 provides an overview of how WEEE management is organized in Italy and
the main involved stakeholders. Currently, both the collection and recycling of WEEE are
regulated by the Italian legislative decree 49/2014, which defines the responsibilities of the
different stakeholders in the WEEE system. These are manufacturers, collective systems
(consortia), retailers, local authorities, consumers, and treatment companies. The latter has
specific tasks to ensure that the system works adequately, and the environmental impacts
are minimized [27].
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Figure 1. The WEEE system in Italy and all the most important stakeholders. Reprinted/adapted 
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Figure 1 also shows that the citizens/consumers can confer their WEEE free of charge
to the collection centres managed by the municipalities, preventing WEEE landfilling
or disposing of it together with other urban waste. Citizens can also benefit from the
“1 against 1” or “1 against 0” services managed by the retailers, i.e., if they confer their
WEEE to the retailers when purchasing a new EEE (i.e., “1 against 1”) or not (i.e., “1 against
0”). The collective systems (consortia) help the EE manufacturers address responsibilities
concerning the end-of-life operations of EEE until they are treated and transformed into
secondary materials. The cost of the end-of-life activities performed by the collective
systems is funded by the eco-contribution paid by the consumer when purchasing a new
product (Figure 1).

In compliance with the Italian legislative decree 49/2014, the producers of domestic
EEE assign the responsibility for managing domestic WEEE to the Collective Systems.
Currently, 13 non-profit Collective Systems handle the transport, treatment, and recovery of
collected WEEE in agreement with the decrees and the rules set by the WEEE Coordination
Centre. The role of the Collective Systems is proportional to the market share of the
corresponding producers of the five WEEE groups classified in Italy as shown in Figure 2:
R1 (cooling and freezing appliances), R2 (large household appliances), R3 (screen monitors),
R4 (consumer equipment), R5 (lighting equipment).
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Producers of EEE also encourage, by means of the collective systems and the provision
of efficiency rewards, the local municipalities to improve the quantity and quality of the
WEEE collected. Efficiency rewards are paid to Collection Centres, considering specific
criteria and their good performances [27].

2.2. Life Cycle Assessment Method

The LCA is a well-known and standardized method within the framework of the ISO
norms (14040). It is helpful to determine the environmental loads and the opportunities
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for their improvement in the life cycle of products, services, and activities [28,29]. LCA
supports the decision-making of private companies and the public sector. In that, it can be
used for different purposes (product design, adoption of eco-labelling schemes, strategic
policy planning, etc.) as well as in combination with other tools to have a broader picture
of an investigated system according to all the sustainability dimensions (environmental,
economic, and social) [30,31].

2.2.1. Goal and Scope

The main goal of the present study is to evaluate the materials that can be recovered
by the collection and treatment of WEEE in the Campania Region and the environmental
impacts associated with such a sequence of processes as a sample of the whole Italian WEEE
treatment. Therefore, the system boundaries of the present LCA consider the collection in
Campania Region in the year 2020, the transport of WEEE from the collection centres of
the Campania Region to the processing and recovery plant located in a bordering Region
(Basilicata) in Southern Italy. About 70% of the WEEE collected is treated in the big recycling
plant of the company Ri-Plastic which receives the WEEE collected from almost all the
Southern Italian Regions (Basilicata, Abruzzo, Molise, Calabria, and Sicily). Figure 3 shows
how the WEEE collected in Campania is transported for treatment towards other Italian
Regions and abroad (Germany, Netherlands, India, and Pakistan) [32].

In 2020, the total WEEE collected in Campania Region amounted to 20,269 tonnes.
Figure 4 shows the distribution of the WEEE collected through the five WEEE groups
(R1, R2, R3, R4, R5) following the Italian WEEE classification (Figure 2) in the year 2020.

An economical allocation is adopted in this study due to the fact that the main driver
for the treatment of WEEE is the economic valorization of the materials/components that
can be extracted [33]. In this case, most of the data about the economic value of recovered
materials and components have been gathered from the database of the Italian Borsino dei
Rifiuti (Waste Stock Exchange) website (accessed on: 5 May 2023) [34].

2.2.2. Life-Cycle Inventory

Inventories of the investigated WEEE categories are provided in Appendix A,
Tables A1–A5 referred to 1 tonne of each WEEE category as a Functional Unit.

This study uses primary annual data (the year 2020) for the collection stage from the
database of the Italian WEEE Coordination Centre—WEEE Italian Management System
established to comply with the WEEE EU directive. Primary data have been provided
about the treatment stage by the most critical recycling Company, Ri-Plastic [35], located
in Southern Italy, which processes a large share of the WEEE collected in the Campania
Region. The data regard the mass balance of the five WEEE groups (R1, R2, R3, R4, R5).

Secondary data collected from Ecoinvent 3.1 [36] are associated with the transport
processes of WEEE from users to the ecological islands (assuming an average distance
of 15 km) and from the ecological islands to the recycling plant (assuming a distance of
150 km). Additional secondary processes retrieved from Ecoinvent 3.1 are the treatment
and disposal of some WEEE materials or components (plastic from cables, capacitors) in
waste-to-energy plants or disposal in sanitary landfills (polyurethane) as well as in landfills
for hazardous waste (cone glass).

2.2.3. Life Cycle Impact Assessment

This stage identifies and calculates the environmental impacts (emissions) associated
with each material flow recovered from the five WEEE groups (R1, R2, R3, R4, R5) in
terms of the overall contribution provided by each WEEE category to the 18 environmen-
tal categories considered in the Impact Assessment Method used in this study (ReCiPe
2016 Midpoint [37]). The software used for LCA assessment based on primary and sec-
ondary data is OpenLCA 2.0 [38].
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2.3. Social Life Cycle Assessment

The Social life-cycle assessment (S-LCA), as evidenced in the UNEP Guidelines for
SLCA [39], is a method for the assessment of the potential social impacts of products and
services over their life cycle (e.g., from the extraction of raw material to the end-of-life phase)
as well as of organizations [40,41]. S-LCA comprises a systematic assessment framework
consisting of quantitative and qualitative indicators providing information on social and
socio-economic aspects of the life cycle of products and organizations, showing how the
latter could monitor and improve their social performances and, ultimately, the well-being
of stakeholders [39]. The present study performs an S-LCA based on the UNEP Guidelines
for S-LCA [39] and ISO 14040/14044 for Environmental LCA. This S-LCA develops over
the main four stages: Goal and scope definition, life cycle inventory, life cycle impact
assessment, and life cycle interpretation results [41–43] and can be considered a most suited
complementary study of the environmental LCA mentioned above.

2.3.1. Goal and Scope

The main goal of this S-LCA is the following:

• Assessment of the potential social impacts (positive and negative) associated with
1 tonne of collected and treated WEEE (groups R1, R2, R3, R4, R5) of Campania Region.

• Assessment of the social performances of the WEEE management system of Campania
Region in the year 2020 to provide helpful feedback to public decision-making in
defining policies and programs for CE development.

The social performances of the WEEE management system have been evaluated by
considering the behaviors of the organizations involved in collecting and treating the WEEE.

The system boundaries cover the stages of collection and recycling of the five WEEE
product categories.

We selected two stakeholder categories, “Local community” and “Society”, in this
S-LCA, trying to interpret the general interests of the WEEE directive (Directive 2012/96/EC),
the goal of which is to favor a cleaner production of EEE (with limited use of hazardous
substances such as heavy metals and flame retardants and the replacement with safer tools)
and better management of WEEE to reduce the risks for the local natural environment,
community and society and favor their valorization. Collection and treatment are critical in
the Southern Regions of Italy because of the lower collection rates compared to the northern
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areas of Italy and the lower number of certified treatment plants for WEEE recovery and
recycling [44].

However, at the same time, WEEE collection and treatment can also be an opportunity
for development for local communities and the whole society of the Campania Region.
Therefore, it is essential to apply assessment frameworks to monitor and evaluate the
environmental and social performances of the involved organizations and the potential
impacts associated with collecting and treating the WEEE [45].

2.3.2. Social Life Cycle Inventory

The Subcategories and related social indicators have been identified considering the
UNEP/SETAC Guidelines for S-LCA [39] and the Methodological sheets by UNEP/SETAC [42].
Accordingly, the data have been collected through direct interviews with several important
stakeholders operating in the WEEE management system of Campania Region and from
the analysis of their websites and social networks, as well as plans and legislation of
Campania Region.

The data relating to the WEEE collection stage have allowed for assessing the social
performances and potential social impacts of the WEEE management system by consid-
ering the activities of the municipalities, the Regional Department of Campania of the
Integrated Water and Waste Cycle, Environmental Assessments and Authorizations and
consortium ECOEM (a national WEEE recovery consortium, located in Campania region).
For the treatment stage, the data collected have been very useful in analysing the social
performances and potential social impacts associated with the processing plant for WEEE
treatment of the company Ri-Plastic. The interviewees of the two stages are listed in Table 1.

Table 1. Stakeholders were interviewed in the collection and treatment stages.

WEEE Life Cycle Stage Interviewees

Collection

Researcher of Legambiente Environmental Association.
Director of Consortium ECOEM of EEE producers;
General Director of the Integrated Water and Waste Cycle,
Environmental Assessments and Authorizations (Regional
Authority of Campania Region);
Researcher of ARPAC (Agency for the Protection of the
Environment of Campania Region).
Laboratory Head ENEA research Centre Portici (Laboratory
Technologies for the Reuse, Recycling, Recovery and
valorisation of Waste and Materials).

Treatment Chief Operating Officer of the Ri-Plastic company treating
a large part of the WEEE collected in Campania Region.

Moreover, the data collection for this study has benefitted the research activities of the
JUST2CE project funded by the EU within the Horizon 2020 actions (currently ongoing),
which considers the whole Campania Region as a case study for larger picture development
and adds the consideration of the social performances of WEEE management system. One
of the goals of this project is to evaluate the potential for moving towards just circular
production-consumption patterns and leveraging the involvement and behavioral aspects
of the various stakeholders and the related social effects [45].

2.3.3. Social Life Cycle Impact Assessment

This stage is crucial since it has the goal of calculating, understanding and evaluat-
ing the magnitude and significance of the potential social impacts of a product system
throughout the life cycle of the product” [39].

The collected data and information of the inventory social indicators of the two
stakeholder’s categories “local community“ (Table A6) and “society (Table A7)” allows us
to determine the results of this S-LCA and evaluate the social performances and potential
social impacts of the WEEE management system in the stages of collection and treatment.
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Type I impact assessment–The checklist method has been adopted for the impact
assessment as applied by previous scholars [21,46].

3. Results

This section starts by analyzing the materials and components that can be derived
from the recycling of WEEE and, in Sections 3.2 and 3.3, evaluates the main results of the
performed LCA and S-LCA, respectively.

3.1. WEEE Composition

Table 2 shows the outputs from each WEEE group (R1, R2, R3, R4, R5). These outputs
can also be ascertained, along with the input, in the Inventory Tables A1–A5 included
in Appendix A. Table 2 evidences that very different amounts of the same materials and
components can be recoverable from each WEEE group. Ten important metals of the
periodic table are included. R1 and R4 WEEE groups are the richest of iron, while R2 WEEE
has the largest fractions of steel and ferrous metals. The highest number of precious metals
(gold, silver, and palladium) is obtained from R3 and R4 WEEE categories due to their
higher quantity of Printed Wiring Boards (PWBs). Beyond metals, R5 WEEE contains the
highest amount of glass, including several light sources such as discharge lamps, fluorescent
lamps, neon tubes, LED bulbs, etc.

Table 2. Output (materials/components) from input R1, R2, R3, R4, and R5 WEEE groups, according
to the WEEE classification in Italy (kg/tonne of WEEE group).

Materials/Components of WEEE R1
(kg/t)

R2
(kg/t)

R3
(kg/t)

R4
(kg/t)

R5
(kg/t)

Materials
Aluminium 6.20 4.20 1.28 37.67 40.00
Brass 1.30
Copper 13.51 13.10 24.82 49.54
Lead 0.01 0.04 0.66 0.44
Nickel 0.59 1.84 28.51 19.06
Palladium 0.0003 0.0009 0.0130 0.0087
Gold 0.0002 0.0005 0.0072 0.0048
Silver 0.005 0.016 0.235 0.157
Iron 611.80 53.90 10.01 383.09
Steel and mixed ferrous 0.04 648.10 80.40 1.20 50
Wood 1.20 4.90 8.8
Paper and cardboard 15
Plastic 160.30 2.10 165.89 399.07
Cement 274.00
Oil 2.90
Glass (including panel glass R3) 10.76 373.90 0.50 800
Components to be further treated
Plastic cables and other plastic for energy recovery 0.69 1.50 4.98 32.97
Phosphoric Powder 80
Miscellaneous Powders 1.60 29.80
Polyurethane 166
Capacitors 0.20 1.20 1.50 2.2
Cone Glass 210.9
Batteries 6.30
Transformers 8 15.7
Undifferentiated waste to landfill 20.50 46 9.7 15
Miscellaneous materials (**)

(**) Residual mobile phones, connectors, deflection coils, Hard disks, Cannons, Processors and RAM, and
miscellaneous gases.

According to Table 2, each WEEE category provides, when properly treated, large
amounts of valuable materials and metals. When considered in absolute terms, these
amounts are not fully telling until they are compared regarding energy, economic and
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environmental costs. For example, extracted gold is very small, but its economic value
is much more than many other items recovered from WEEE. Some metals are certainly
very valuable in terms of absolute amounts (Iron and steel), saved energy cost of refining
(Aluminum), and economic cost (Copper). For this reason, it may be very important to
estimate the impacts associated with these recovered metals (per kg) and compare them
with primary metals. This comparison will be made in Section 4—discussion, starting from
Table 6.

3.2. Life Cycle Assessment Results

Table 3 presents the different environmental impacts of 1 kg of iron across the five WEEE
groups due to the different treatment procedures. As shown in Table 2, iron is one of the
metals recoverable in larger amounts than the other materials. The treatment of 1 kg of iron
generates the highest impact in all R1 WEEE. For example, the Global Warming impact
of iron is 0.0824 kg of CO2 eq, while the lowest environmental costs of iron treatment are
found in R4 WEEE (−0.0063 kg of CO2 eq.), where the negative value refers to avoided
impacts due to saved emissions in some steps of the process.

Table 3. Impacts of 1 kg of Iron (out of total iron from Table 3) for each WEEE group.

Environmental Categories Unit R1 R2 R3 R4 R5 (*)

Freshwater ecotoxicity kg 1,4-DCB −0.0309 −0.0038 −0.0016 −0.0042
Ozone formation, Human health kg NOx eq 0.0002 0.0001 0.0000 0.0000
Marine eutrophication kg N eq −0.0009 0.0001 0.0000 0.0000
Water consumption m3 0.0005 0.0004 0.0000 0.0001
Stratospheric ozone depletion kg CFC11 eq 0.0000 0.0000 0.0000 0.0000
Freshwater eutrophication kg P eq 0.0000 0.0000 0.0000 0.0000
Terrestrial acidification kg SO2 eq 0.0003 0.0002 0.0000 0.0001
Human carcinogenic toxicity kg 1,4-DCB 0.0013 0.0007 0.0000 −0.0005
Terrestrial ecotoxicity kg 1,4-DCB 0.3325 0.2968 0.0614 0.0707
Global warming kg CO2 eq 0.0824 0.0793 0.0090 −0.0063
Human non-carcinogenic toxicity kg 1,4-DCB −0.7808 0.0343 −0.0370 −0.0025
Fossil resource scarcity kg oil eq 0.0324 0.0265 0.0042 0.0067
Fine particulate matter formation kg PM2.5 eq 0.0001 0.0001 0.0000 0.0000
Ozone formation, Terrestrial ecosystems kg NOx eq 0.0002 0.0002 0.0000 0.0000
Land use m2a crop eq 0.0006 0.0011 0.0002 0.0003
Marine ecotoxicity kg 1,4-DCB −0.0414 −0.0042 −0.0021 −0.0050
Ionizing radiation kBq Co-60 eq 0.0115 0.0081 0.0009 0.0021
Mineral resource scarcity kg Cu eq 0.0002 0.0002 0.0000 0.0000

(*) Iron is a material that does not present in the amount of recoverable R5 WEEE.

Aluminium is recoverable in all five WEEE groups. Table 4 shows that 1 kg of Aluminum
from R5 WEEE has the highest impact in most analyzed environmental impacts categories.

Copper is only recovered from four WEEE groups, except R5 WEEE (Table 5). The
highest amount of copper arises from the treatment of the R4 WEEE group (Table 2). With
the R3 group, this latter generates lower environmental impacts to all the impact categories
compared to R1 and R2 groups.

3.3. Social Life Cycle Assessment Results

The results of this S-LCA applied to the collection and treatment of WEEE are pre-
sented in detail in Tables A6 and A7 of Appendix B and summarized in Table 8 in
Section 4—Discussion. Section 3.3.1 evaluates the results for the collection stage, while
Section 3.3.2 evaluates those of the treatment stage.
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Table 4. Impacts of 1 kg of Aluminum (out of total Aluminum from Table 2) for each WEEE group.

Environmental Categories Unit R1 R2 R3 R4 R5

Freshwater ecotoxicity kg 1,4-DCB −0.032 −0.004 −0.002 −0.004 −0.005
Ozone formation, Human health kg NOx eq 0.000 0.000 0.000 0.000 0.001
Marine eutrophication kg N eq −0.001 0.000 0.000 0.000 0.001
Water consumption m3 0.001 0.000 0.000 0.000 0.004
Stratospheric ozone depletion kg CFC11 eq 0.000 0.000 0.000 0.000 0.000
Freshwater eutrophication kg P eq 0.000 0.000 0.000 0.000 0.000
Terrestrial acidification kg SO2 eq 0.000 0.000 0.000 0.000 0.002
Human carcinogenic toxicity kg 1,4-DCB 0.001 0.001 0.000 0.000 0.014
Terrestrial ecotoxicity kg 1,4-DCB 0.347 0.340 0.064 0.071 2.450
Global warming kg CO2 eq 0.086 0.091 0.009 −0.006 0.748
Human non-carcinogenic toxicity kg 1,4-DCB −0.814 0.039 −0.039 −0.002 −0.148
Fossil resource scarcity kg oil eq 0.034 0.030 0.004 0.007 0.238
Fine particulate matter formation kg PM2.5 eq 0.000 0.000 0.000 0.000 0.001
Ozone formation, Terrestrial ecosystems kg NOx eq 0.000 0.000 0.000 0.000 0.001
Land use m2a crop eq 0.001 0.001 0.000 0.000 0.009
Marine ecotoxicity kg 1,4-DCB −0.043 −0.005 −0.002 −0.005 −0.006
Ionizing radiation kBq Co-60 eq 0.012 0.009 0.001 0.002 0.082
Mineral resource scarcity kg Cu eq 0.000 0.000 0.000 0.000 0.002

Table 5. Impacts of 1 kg of copper (out of total Copper from Table 2) for each WEEE group.

Name Unit R1 R2 R3 R4 R5

Freshwater ecotoxicity kg 1,4-DCB −0.4806 −0.0599 −0.0253 −0.0657
Ozone formation, Human health kg NOx eq 0.0024 0.0022 0.0003 0.0004
Marine eutrophication kg N eq −0.0146 0.0013 0.0000 0.0003
Water consumption m3 0.0079 0.0062 0.0007 0.0015
Stratospheric ozone depletion kg CFC11 eq 0.0000 0.0000 0.0000 0.0000
Freshwater eutrophication kg P eq 0.0002 0.0002 0.0000 0.0000
Terrestrial acidification kg SO2 eq 0.0046 0.0037 0.0005 0.0009
Human carcinogenic toxicity kg 1,4-DCB 0.0195 0.0113 −0.0005 −0.0072
Terrestrial ecotoxicity kg 1,4-DCB 5.1705 4.6644 0.9685 1.1142
Global warming kg CO2 eq 1.2811 1.2464 0.1417 −0.0985
Human non-carcinogenic toxicity kg 1,4-DCB −12.1423 0.5388 −0.5836 −0.0388
Fossil resource scarcity kg oil eq 0.5032 0.4161 0.0658 0.1057
Fine particulate matter formation kg PM2.5 eq 0.0017 0.0014 0.0002 0.0003
Ozone formation, Terrestrial ecosystems kg NOx eq 0.0025 0.0023 0.0003 0.0004
Land use m2a crop eq 0.0096 0.0175 0.0028 0.0044
Marine ecotoxicity kg 1,4-DCB −0.6432 −0.0661 −0.0333 −0.0782
Ionizing radiation kBq Co-60 eq 0.1789 0.1273 0.0145 0.0325
Mineral resource scarcity kg Cu eq 0.0035 0.0031 0.0006 0.0008

3.3.1. Inventory Analysis and Assessment of Collection Stage

Table A6 shows the subcategories and related social indicators evaluated for the “local
community” category. The indicators used are mainly qualitative. The results of the social
indicator “Annual stop connected to protests of organizational actionP” (impact subcategory:
access to immaterial resources) reveals that the past problems in the management of urban
solid waste experienced by Campania Region still affect the relationships between public
administrations and authorities and local communities also for other waste streams such
as WEEE.

Due to the so-called “waste crisis” from the years 1994 to 2012 [47,48], there is a lack
of trust in the local communities (in particular of the suburbs) towards the management of
waste by the public sector. These factors contribute to negatively affecting the collection
of WEEE in the Campania Region as citizens are uncertain about how the WEEE will be
handled by the public municipalities. Moreover, citizens are not still fully aware of the
value of WEEE, and which benefits could derive from their collection.
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The interviews with the Regional Authority Representatives have underlined that they
are increasing their efforts towards improving the relationships with the local communities
and invested last year in education initiatives. The municipality of Naples is currently
promoting (April–May 2023) cultural events and environmental education programs to
enhance WEEE collection in Naples and awareness about its importance.

In the past years, other municipalities in Campania Region have participated in the
project “WEEE School”, aimed to educate students and their families about the value of
WEEE (small WEEE) and how they should be collected and properly handled [49]. A further
project has been the “Inno WEEE”, in which some pilot provinces of the Campania region
have been involved. The project focused on smart bins available 24 h/day where citizens
could deliver their WEEE as an alternative option to municipal collection centers [50]. The
Municipality of Naples has also participated with the University of Naples “Parthenope”,
Legambiente and other social organizations in the project RE-BIT. The latter was centred on
the repair and regeneration of still-use personal computers that, after the repair, have been
donated to primary schools [51]. These latter actions positively affect the “Presence/strength
of community education initiatives” indicator.

With regard to the impact subcategory “Access to Material resources”, the interview
with the director of the consortium ECOEM indicated they have implemented an en-
vironmental certification management system, ISO 14001, to identify and improve the
management of the environmental aspects of their organization. Such activity contributes
positively to the indicator “Evidence of a certified environmental management system”.

However, the results of the subcategory “Safe and Healthy Living Conditions” high-
light that there are also cases of small municipalities in Campania that devote low attention
to the WEEE collection contributing negatively to the social indicators “Management over-
sight of structural integrity” and “Management effort to minimize the use of hazardous substances”.

Another important aspect regards the evaluation of the contribution to “Local em-
ployment” by means of the social indicator “Percentage of the workforce hired locally”. WEEE
collection represents an opportunity for the local workforce to be employed in collec-
tion centers, consortium and local companies aimed at collecting and first dismantling
the WEEE.

Table A7 shows the results of the contribution to the social indicators used to assess
the performances of the WEEE management system towards the stakeholder category
“Society”. The system’s performances in both collection and treatment can be considered
positive to the social indicators of the subcategory “Public commitment to sustainability issues”
since Campania is committed, within the wider Italian framework, to the achievement of
the targets of the EU in terms of collection rates. Moreover, the Region has also updated
the Regional Plan for managing Special waste to strengthen the implementation of the CE
in the Region [52].

The plan aims to achieve the objectives of CE and ecological transition, considering
the effects of the management of special waste on the environment, human health, the
economy, and society. The Plan is articulated into five main goals such as (1) The promotion
of the reduction of the quantity and hazardousness of waste produced; (2) The reuse of
waste within different production cycles; (3) The maximization of recycling and other forms
of recovery and the minimization of disposal; (4) The promotion of the principle of the
proximity of the plants in relation to the sites where they are produced, in compliance with
the criteria of environmental sustainability and (5) The commitment to fight the illegal
management of special waste. Finally, the Plan develops the five goals into further specific
16 goals that also include actions aimed at the improvement of the performances of the
collection and recovery system of WEEE.

Campania Region, by means of its Regional Agency for the Protection of the Environ-
ment [53], has also set a monitoring system for tracking the inflows and outflows of WEEE
of the Region towards the other Italian Regions, the EU, and foreign countries.

The improvement of the collection targets is a prerequisite to favor the investments
and installation of treatment plants in the Campania Region that currently are not available.
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Opening new treatment plants requires high investment costs, so a minimum amount and
constant flow of WEEE are needed to justify such investments.

The collection of WEEE contributes to the economic progress and development of the
society of the Campania Region, while the treatment stage at present favors the economic
progress of other Italian Regions where the WEEE are transported to be treated.

The Consortium ECOEM, in charge of the collection of WEEE from the different
collection points of the Region and their transport to the treatment plants, is an important
reference organization for the promotion of the correct collection and recycling of WEEE as
well as for the establishment of “Partnership in research and development” with universities
in the field of WEEE, contributing to influence positively the social indicator “Partnerships
in research and development” in the subcategory “Technological Development”.

3.3.2. Inventory Analysis and Assessment of Treatment Stage

The social indicators in Table A6 and Table A7 have also been used to evaluate the
potential social impacts and social performances of the organizations mainly involved in
treating WEEE collected in the Campania Region. In the interview with the Chief operating
officer of the Ri-Plastic Company emerges that in their activity, they are committed to
maximizing the recovery of materials from the collected WEEE and, at the same time,
minimizing the impacts on the environment.

The Company also aims to have a positive social impact towards the local community
where its treatment plants are located (in total, Ri-Plastic has three treatment plants, each
one located in three different Italian Regions in Central–Southern Italy). Recently, the
company in one of its plants has organized a social event in collaboration with Legambiente
environmental association to strengthen the relationships with the local community and
promote the dissemination of the principles of CE, such as the regeneration, repair, and the
value of the donation to the local community.

The organisation’s overall activity is conducted in agreement with the current Eu-
ropean and Italian legislations and environmental, quality and occupational health and
safety certification standards such as the certification schemes ISO 14001, ISO 9001 and
45001. These aspects positively influence the subcategories “Access to immaterial resources”
and “Access to material resources” and related social indicators. During the interview,
the Company’s Chief Operating Officer also confirmed that their processes are subject to
internal audits aimed at certifying that they comply with the required standards of the
certification schemes and authorizations. The adoption of ISO 14001 positively impacts
the social indicator “Management efforts in minimizing the use of hazardous substances” in the
subcategory “Safe and healthy living conditions.”

Implementing the certification, ISO 45001 assures the commitment of the company
towards the care of its employees and, potentially, the willingness to maintain a safe and
healthy working environment. Recent events organized by the company in one of the plants
can be considered a form for engaging with the local community stakeholders. Finally,
a positive social impact is provided to the “Local Employment subcategory” since the
treatment plants mainly hire local employees.

Concerning the social impacts on the stakeholder category “society”, the Company
is certified ISO 14001. This aspect contributes positively to the social indicator “Public
commitment to sustainability issues.”.

Adopting an environmental management system, ISO 14001 (based on respecting the
LCA principles), is handy for an organization to identify and manage their environmental
aspects in continuous improvement. The adoption of ISO 14001 assures that the whole
organization, including managers and employees as well as their external stakeholders,
quantify and continuously improve the environmental impacts [54].

4. Discussion

As mentioned above, this paper aims at three different goals:
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a. To identify the impacts associated with the collection and treatment steps of the WEEE
recovery process; and

b. To compare environmental costs and benefits of the secondary minerals and metals
from the recovery process with the mining and refinement environmental costs of
primary materials.

c. To identify social barriers and positive and negative social impacts associated with
WEEE collection and treatment.

Table 6 reports the environmental impacts of primary Iron, Aluminum and Copper,
showing that, for example, the production of primary Aluminum generates much higher
implications in the GWP category (9.39 kg CO2 eq) compared to the production of primary
Iron (0.13 kg CO2 eq) and Copper (2.00 kg CO2 eq). In other impact categories, the ranking
is different, e.g., Freshwater Ecotoxicity, where Copper ranks first. The comparison of these
impacts with those of secondary Iron, Aluminum and Copper recovered from the five WEEE
categories shows clear environmental advantages for the latter ones. For example, the
extraction and refining of 1 kg of primary Iron contribute to GWP by releasing 0.13 kg CO2
eq. The impacts for recovered iron achieve the highest value (0.0824 kg CO2 eq) in the R1
WEEE group, which is still lower than in primary production.

Table 6. Impacts of 1 kg of primary Iron, Aluminum and Copper.

Impact Categories Unit Iron Aluminum Copper

Freshwater ecotoxicity kg 1,4-DCB 0.0017 0.4505 4.2214
Ozone formation, Human health kg NOx eq 0.0014 0.0242 0.0181
Marine eutrophication kg N eq 0.0000 0.0016 0.0629
Water consumption m3 0.0006 0.2100 0.0922
Stratospheric ozone depletion kg CFC11 eq 0.0000 0.0000 0.0000
Freshwater eutrophication kg P eq 0.0000 0.0045 0.0234
Terrestrial acidification kg SO2 eq 0.0015 0.0663 0.0533
Human carcinogenic toxicity kg 1,4-DCB 0.0036 3.6031 0.9568
Terrestrial ecotoxicity kg 1,4-DCB 0.4180 15.6965 505.6970
Global warming kg CO2 eq 0.1265 9.3913 1.9997
Human non-carcinogenic toxicity kg 1,4-DCB 0.0466 4.9860 153.8563
Fossil resource scarcity kg oil eq 0.0378 1.8953 0.5311
Fine particulate matter formation kg PM2.5 eq 0.0007 0.0258 0.0254
Ozone formation, Terrestrial ecosystems kg NOx eq 0.0014 0.0245 0.0185
Land use m2a crop eq 0.0017 0.0477 0.0913
Marine ecotoxicity kg 1,4-DCB 0.0025 0.6245 6.0911
Ionizing radiation kBq Co-60 eq 0.0100 1.8490 0.3580
Mineral resource scarcity kg Cu eq 0.0481 0.4124 1.7224

Source: [36]: Iron (the market for Iron ore beneficiated at 65% Fe), Aluminum (Aluminum production, primary
ingot), Copper (Copper production, primary).

The GWP impacts of the WEEE recovery of Aluminum are much lower (Table 5), with
the highest ranking in the R5 WEEE group (0.75 kg CO2 eq). Also, in the other impact
categories (Table 5), the impacts of recovered Aluminum are much smaller than those of
primary Aluminum. In a like manner, the production of primary Copper releases 2.00 kg
CO2 eq., while the recovery of Copper from WEEE shows the highest impacts in R1 WEEE
(1.28 kg CO2 eq), again still much lower than for primary Copper.

Regarding the input F.U. (WEEE to be treated instead of metals extracted), Table 7
shows that treating R5 WEEE provides the highest load compared to other WEEE groups
in almost all the environmental categories. The LCA software allows inputting all the
treatment costs (transport, electricity, machinery, chemicals, etc.) associated with the
selected functional unit (e.g., 1 ton of R2 WEEE to be treated), entering as output all the
recovered products and those to be landfilled. Adding the impacts of all these outputs
allows us to generate the total impact associated with treating one ton of WEEE in a specific
category R1, R2, etc., as shown in Table 8. The treatment of 1 tonne of R5 WEEE generates,
for example, a total of 100.42 kg CO2 eq/tonne, while the contribution of the R4 group
is the lowest, being negative (−23.24 kg CO2 eq/tonne), and in the others, the impacts
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increase from 37.48 kg CO2 eq/tonne (R3) to 76.30 kg CO2 eq/tonne (R2) and 79.37 kg
CO2 eq/tonne (R3).

Table 7. Total impacts per FU (1 tonne of collected and treated WEEE for each group).

Environmental Categories Unit R1 R2 R3 R4 R5

Freshwater ecotoxicity kg 1,4-DCB −29.779 −3.671 −6.689 −15.493 −0.659
Ozone formation, Human health kg NOx eq 0.146 0.137 0.071 0.099 0.169
Marine eutrophication kg N eq −0.906 0.078 0.006 0.069 0.104
Water consumption m3 0.483 0.375 0.180 0.361 0.530
Stratospheric ozone depletion kg CFC11 eq 0.000 0.000 0.000 0.000 0.000
Freshwater eutrophication kg P eq 0.012 0.009 0.005 0.008 0.013
Terrestrial acidification kg SO2 eq 0.288 0.226 0.132 0.208 0.297
Human carcinogenic toxicity kg 1,4-DCB 1.205 0.692 −0.127 −1.690 1.821
Terrestrial ecotoxicity kg 1,4-DCB 320.317 285.562 256.214 262.954 328.896
Global warming kg CO2 eq 79.368 76.304 37.481 −23.245 100.424
Human non-carcinogenic toxicity kg 1,4-DCB −752.238 32.987 −154.398 −9.162 −19.876
Fossil resource scarcity kg oil eq 31.177 25.475 17.413 24.937 31.889
Fine particulate matter formation kg PM2.5 eq 0.105 0.082 0.050 0.077 0.108
Ozone formation, Terrestrial ecosystems kg NOx eq 0.154 0.142 0.075 0.104 0.171
Land use m2a crop eq 0.596 1.067 0.728 1.030 1.210
Marine ecotoxicity kg 1,4-DCB −39.849 −4.048 −8.802 −18.451 −0.741
Ionizing radiation kBq Co-60 eq 11.088 7.791 3.822 7.675 11.044
Mineral resource scarcity kg Cu eq 0.213 0.191 0.146 0.177 0.222

Figure 5 shows the relative contribution to the total impacts of the R5 FU (1 tonne of
R5 WEEE) in treating and recovering the materials: Aluminum, Steel and Ferrous, glass,
paper, and cardboard. The recovery of glass has the highest share of the total environmental
impacts compared to the other materials.

Figure 6 shows that iron and copper generate more than 80% of the total impacts in
the R1 WEEE category, while much lower impacts are due to gold, palladium, nickel, and
silver recovery. However, the allocation was made based on economic value.

Concerning the social aspects, the S-LCA procedure has assessed the potential social
impacts and social performances of the organizations of Campania’s formal WEEE manage-
ment system on the two stakeholders’ categories, “Local community” and “Society”. The
results in Table 8 show that overall, the potential social impacts of the WEEE management
system the “Society” are mainly positive as the system is committed to attaining the WEEE
collection target and goals set by the EU and Italian legislation transposing the EU WEEE
directive as well as has adopted a monitoring system evaluating the collection WEEE
performances and the inflows and outflows of WEEE from and to the Region. The WEEE
collection provides socio-economic benefits to the Region since it hires local employees in
such operations contributing to the economic development of the Region. As evidenced,
the treatment of WEEE is performed outside the Region for a large fraction of the WEEE
collected. The Company involved in the treatment is a capital company with good eco-
nomic performance and specific goals regarding recycling efficiency and environmental
sustainability. The overall sector of WEEE collection and recycling in Italy involves almost
10,000 organizations, of which a large part are capital companies.



Environments 2023, 10, 106 17 of 29

Table 8. Social performances and potential social impacts associated with 1 tonne of collected and treated WEEE in the management system of Campania
Region in 2020.

Stage of the
Life Cycle

Stakeholder
Category

Impact
Subcategory Status in Summary

Performance
Assessment

S-LCA (*)

Potential Impacts (**)

Health and Safety Socio-Economic
Repercussions Human Rights Development

of the Country

Collection

Local Community

• Access to immaterial resources

Effects of past problems linked to the
waste crisis on collection

√ √ √ √

Provided community education
initiatives for improving collection, even
if not continuously

√ √ √ √

• Access to material resources Adopted ISO 14001 by the
Consortium ECOEM

√ √
—

√

• Safe and healthy
living conditions

Lower care for WEEE in
small municipalities

√ √ √ √

• Community engagement
Existing actions of regional authorities.
No information on the diversity
of stakeholders

√ √ √ √

• Local employment Promoted in municipalities, consortium,
companies, regional authorities

√ √ √ √

Society

• Public commitment to
sustainability issues

Existing WEEE management system in
agreement with EU and Italian rules,
even if it is not well-performing

√ √ √ √

The monitoring system of WEEE flows
√ √

—
√

• Contribution to
economic development

Current contribution to
economic development

√ √ √ √

• Technology development
no projects supporting technology
transfer in the WEEE sector. Lack of
incentives for entrepreneurial
WEEE projects.

√ √
—

√

Participation in research projects of
companies in the WEEE manag. system

√ √
—

√
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Table 8. Cont.

Stage of the
Life Cycle

Stakeholder
Category

Impact
Subcategory Status in Summary

Performance
Assessment

S-LCA (*)

Potential Impacts (**)

Health and Safety Socio-Economic
Repercussions Human Rights Development

of the Country

Recycling

Local Community

• Access to immaterial resources Provided past community education
initiatives

√ √ √ √

• Access to material resources Adopted ISO 14001, ISO 9001 and 45001
√ √ √ √

• Safe and healthy
living conditions

Assured by the certifications and
compliance with specific rules
and authorizations

√ √
—

√

• Community engagement Presence of past events engaging
the community

√ √ √ √

• Local employment Promoted by the treatment company
√ √ √ √

Society

• Public commitment to
sustainability issues

Promoted by the treatment company by
means of its certifications

√ √ √ √

• Contribution to
economic development

The treatment company contribute to the
economic development

√ √ √ √

• Technology development Participation in research projects
√ √ √ √

(*) “red” refers to cases of negative impacts or negative performances assessment of a subcategory, while “green” refers to cases of positive impacts or positive performances assessment
of a subcategory. “Yellow” refers to cases of lightly negative impacts or lightly negative performances assessment. (**) “

√
” refers to cases of influence of a subcategory towards a

potential impact category, “—” refers to cases of no influence of a subcategory towards a potential impact category.
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The analysis of the potential social impacts of the WEEE management system on the
Local Community shows that there are some social barriers to the local collection and recy-
cling of WEEE, e.g., the lack of educational programs continue to generate awareness and
appropriate perception of benefits, lack of incentives for entrepreneurial WEEE recycling
projects as well as the presence of small municipalities that do not properly perform in
the collection of WEEE, leaving space to informal collection exposing local communities
and environment to potential health risks. Moreover, issues related to the past waste crisis
still affect the citizens and their trust in the municipalities, discouraging WEEE collection.
Therefore, the initiatives by the regional authorities and municipalities to involve the lo-
cal communities and citizens are very important to improve their awareness about the
need for collecting WEEE. Finally, the study has helped test the S-LCA to a WEEE formal
management system of the EU as well as prove further the capacity of UNEP guidelines
for S-LCA [39] and Methodological Sheets [42] to capture the potential social impacts of
investigated systems systematically [21].

5. Conclusions

This study aimed to assess, by adopting a joint framework involving LCA and S-LCA,
the environmental and social impacts and performances of the WEEE management system
of the Campania Region (Southern Italy) as a sample of the way EU Directives are applied
in Italy. The collection and treatment stages have been considered in the analysis.

The results of the environmental LCA highlight that the treatment of 1 tonne of WEEE
collected in the Campania Region provides the opportunity to recover several metals such
as Aluminum, Iron, Steel and ferrous, Copper, Nickel, Lead, and precious metals (Gold,
Silver, and Palladium). Copper and Nickel are also included in the European list of rare
and strategic metals.

The recovery of 1 kg of Iron, Copper, and Aluminum, the metals recoverable in the
highest amounts across the five WEEE groups, generates the highest impacts for Iron and
Copper in the R1 WEEE group and R5 group for Aluminum. In any case, the environmental
impacts of the recovery of these metals are much lower than the environmental impacts
of the production of their corresponding primary metals from mining and refining. The
analysis of the effects per FU (1 tonne of collected and treated WEEE for each one of the
five groups) shows that the R5 WEEE group and R1 WEEE group generate the highest
impacts on GWP, releasing 100.42 kg CO2 eq per FU and 79.37 kg CO2 eq per FU respectively.
In the R5 WEEE group, the recovery of Glass provides the highest relative impacts, while in
the R1 WEEE group, the recovery of Copper and Aluminum are the highest share processes.

Finally, the social benefits in terms of human health and better living environment seem
worth the effort and consistent with EU goals and Directives, although much more needs to
be done to support small Municipalities in their way towards better collection procedures
and integration within the largest Regional and national WEEE valorization network.

Author Contributions: Conceptualization, P.G. and S.U.; methodology, P.G. and S.U.; software, P.G.;
data curation, P.G.; writing—original draft preparation, P.G.; writing—review and editing, P.G., R.P.
and S.U.; visualization, P.G.; supervision, S.U.; project administration, S.U.; funding acquisition, S.U.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the European Commission’s research programs Horizon
2020-SC5-2020-2 scheme, Grant Agreement 101003491 “JUST Transition to Circular Economy” Project
(Acronym JUST2CE).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data about the annual treatment of WEEE collected in the Cam-
pania Region in the large recycling plant located in Southern Italy have been kindly provided by
the Chief Operating Officer of the recycling plant. The data for the S-LCA have been collected by
means of interviews with the most important stakeholders operating in the WEEE supply chain of



Environments 2023, 10, 106 21 of 29

the Campania Region. The authors greatly acknowledge all the stakeholders for providing the data
for this study.

Acknowledgments: The authors would like to thank the data provided for this study: Emanuele
Armentano of the Company Ri-Plastic S.p.A, Luca Fasolino of the Consortium ECOEM. Alberto
Grosso, ARPAC Regione Campania, Antonello Baretta, Integrated Cycle of Water, Waste, Evaluations
and Environmental Authorizations of the Regional Council of Campania Region, Luca Pucci of the
Environmental Association Legambiente Campania Region, Marco Tammaro, Laboratory Technolo-
gies for the Reuse, Recycling, Recovery and Valorization of Waste and Materials of the ENEA (Italian
National Agency for New Technologies, Energy and Sustainable Economic Development).

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

Abbreviation Full term

EEE Electrical and Electronic Equipment

WEEE Waste Electrical and Electronic Equipment

EU European Union

CE Circular Economy

LCA Life Cycle Assessment

MFA Material Flow Accounting

S-LCA Social Life Cycle Assessment

FU Functional Unit

GW Global Warming

PWB Printed Wireless Board

Appendix A

Table A1. Inventory data for 1 tonne of R1 WEEE was collected and treated.

Flow Amount Unit
Input R1 WEEE collected to be treated 1 Tonne

Transport of R1 WEEE to collection centres 15 Tonne*km
Transport from collection centres of R1 WEEE to the processing plant 150 Tonne*km
Electricity, medium voltage—Italy 100 kWh
Treatment and disposal of non-recoverable capacitors 0.20 kg/tonne
Treatment and disposal of non-recoverable waste plastic 21.19 kg/tonne
Treatment and disposal of non-recoverable polyurethane 166.00 kg

Output Recovered Aluminium 6.20 kg/tonne
Recovered Copper 13.51 kg/tonne
Recovered Iron 611.80 kg/tonne
Recovered Lead 0.010 kg/tonne
Recovered Nickel 0.59 kg/tonne
Recovered Palladium 0.0003 kg/tonne
Recovered Gold 0.0002 kg/tonne
Recovered Silver 0.0052 kg/tonne
Recovered Steel and Mixed Ferrous 0.040 kg/tonne
Recovered Glass 10.76 kg/tonne
Recovered Wood 1.20 kg/tonne
Recovered Oil 2.90 kg/tonne
Recovered Plastic 160.30 kg/tonne
Components to be further treated (*) 192.69 kg/tonne

(*) Miscellaneous Gases. Note: Tonne*km refers to the number of kilometers per tonne of transported WEEE.



Environments 2023, 10, 106 22 of 29

Table A2. Inventory data for 1 tonne of R2 WEEE collected and treated.

Flow Amount Unit
Input R2 WEEE collected to be treated 1 Tonne

Transport of R2 WEEE to collection centres 15 Tonne*km
Transport from collection centres of R1 WEEE to the processing
plant 150 Tonne*km

Electricity, medium voltage—Italy 66 kWh
Treatment and disposal of non-recoverable capacitors 1.20 kg/tonne
Treatment and disposal of non-recoverable waste plastic 1.50 kg/tonne

Output Recovered Aluminium 4.20 kg/tonne
Recovered Copper 13.10 kg/tonne
Recovered Iron 53.90 kg/tonne
Recovered Lead 0.044 kg/tonne
Recovered Nickel 1.835 kg/tonne
Recovered Palladium 0.0009 kg/tonne
Recovered Gold 0.0005 kg/tonne
Recovered Silver 0.0158 kg/tonne
Recovered Steel and Mixed Ferrous 648.10 kg/tonne
Recovered Cement 274.00 kg/tonne
Recovered Plastic 2.10 kg/tonne

Note: Tonne*km refers to the number of kilometers per tonne of transported WEEE.

Table A3. Inventory data for 1 tonne of R3 WEEE collected and treated.

Flow Amount Unit
Input R3 WEEE collected to be treated 1 Tonne

Transport of R3 WEEE to collection centres 15 Tonne*km
Transport from collection centres of R1 WEEE to the processing
plant 150 Tonne*km

Electricity, medium voltage—Italy 28.5 kWh
Treatment and disposal of non-recoverable capacitors 1.50 kg/tonne
Treatment and disposal of non-recoverable waste plastic 50.98 kg/tonne
Treatment and disposal of non-recoverable cone glass 210.90 kg/tonne

Output Recovered Aluminium 1.28 kg/tonne
Recovered Copper 24.82 kg/tonne
Recovered Iron 10.01 kg/tonne
Recovered Lead 0.65 kg/tonne
Recovered Nickel 28.51 kg/tonne
Recovered Palladium 0.0130 kg/tonne
Recovered Gold 0.0072 kg/tonne
Recovered Silver 0.2353 kg/tonne
Recovered Steel and Mixed Ferrous 80.40 kg/tonne
Recovered Wood 4.90 kg/tonne
Recovered Glass 373.90 kg/tonne
Recovered Plastic 165.89 kg/tonne
Components to be further treated (*) 309.38 kg/tonne

(*) Transformers, Miscellaneous Powders, Coils, Deflection Coils, Cannons. Note: Tonne*km refers to the number
of kilometers per tonne of transported WEEE.
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Table A4. Inventory data for 1 tonne of R4 WEEE was collected and treated.

Flow Amount Unit

Input R4 WEEE collected to be treated 1 Tonne

Transport of R4 WEEE to collection centres 15 Tonne*km

Transport from collection centres of R1 WEEE to the processing plant 150 Tonne*km

Electricity, medium voltage—Italy 66 kWh

Treatment and disposal of non-recoverable capacitors 2.2 kg/tonne

Treatment and disposal of non-recoverable waste plastic, toner and
cartridges, plastic cables 32.97 kg/tonne

Treatment and disposal of undifferentiated waste to landfill 9.7 kg/tonne

Output Recovered Aluminium 37.67 kg/tonne

Recovered Brass 1.3

Recovered Copper 49.54 kg/tonne

Recovered Iron 383.09 kg/tonne

Recovered Lead 0.44 kg/tonne

Recovered Nickel 19.06 kg/tonne

Recovered Palladium 0.00872 kg/tonne

Recovered Gold 0.00480 kg/tonne

Recovered Silver 0.15731 kg/tonne

Recovered Steel and Mixed Ferrous 1.20 kg/tonne

Recovered Wood 8.80 kg/tonne

Recovered Glass 0.50 kg/tonne

Recovered Plastic 399.07 kg/tonne

Components to be further treated (*) 99.17 kg/tonne

(*) Miscellaneous powder, batteries, residual mobile phones, processors and RAM, connectors, hard disks, and
transformers. Note: Tonne*km refers to the number of kilometers per tonne of transported WEEE.

Table A5. Inventory data for 1 tonne of R5 WEEE was collected and treated.

Flow Amount Unit

Input R4 WEEE collected to be treated 1 Tonne

Transport of R5 WEEE to collection centres 15 Tonne*km

Transport from collection centres of R5 WEEE to the processing plant 150 Tonne*km

Electricity, medium voltage—Italy 96 kWh

Treatment and disposal of undifferentiated waste to landfill 15 kg/tonne

Output Recovered Aluminium 40.00 kg/tonne

Recovered Steel and Mixed Ferrous 50.00 kg/tonne

Recovered Glass 800.00 kg/tonne

Recovered Paper and cardboard 15.00 kg/tonne

Components to be further treated (*) 95.00 kg/tonne

(*) Phosphoric powder. Note: Tonne*km refers to the number of kilometers per tonne of transported WEEE.
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Appendix B

Table A6. Set of indicators used to assess the social performances of the WEEE management system in collection and treatment stages concerning the stakeholders’
category “Local Community”.

Subcategory Social Indicators Unit of Measure (*) Results

Access to Immaterial Resources 1. Annual stops connected to protests of
organization actions;

1. Yes 1. Effects of past problems related to the waste crisis in the
Campania Region on waste collection rates

2. Respect for moral and economic rights of the
community by policies related to
intellectual property;

2. Not 2. No evidence

3. Presence/strength of community
education initiatives

3. Yes 3.
• Municipalities have carried out in the past years some still

ongoing community education initiatives to improve
WEEE collection. However, they are not continuous.

• The treatment company has performed past initiatives in
collaboration with Legambiente and involving the local
community (project “Scambio logico”) to regenerate, repair
and donate to potential users.

Access to Material Resources 1. Presence of developed, project-related infrastructure
with mutual community access and benefit;

1. Not 1. No evidence

2. Adoption of organizational risk assessment about
potential material resource conflicts;

2. Not 2. No evidence

3. Evidence of a certified environmental
management system.

3. Yes 3. The collection system ECOEM and the recycling plant have
an environmental management system of ISO 14001. The
recycling plant is also certified with ISO 9001 and
ISO 45001.
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Table A6. Cont.

Subcategory Social Indicators Unit of Measure (*) Results

Safe and Healthy
Living Conditions

1. Management oversight of structural integrity; 1. Not 1. In some small municipalities lack of attention to taking
care of the collected WEEE by the citizens compared to
larger municipalities

2. Organization efforts to strengthen community health
(e.g., through shared community access to
organization health resources);

2. Not 2. No evidence

3. Management efforts to minimize the use of
hazardous substances;

3. Yes 3. The treatment company adopt a specific procedure to
minimize the risks due to the use of hazardous substances
contained in WEEE.

Community Engagement 1. Strength of written policies on community
engagement at the organization level;

1. Not 1. No evidence

2. Diversity of community stakeholder groups that
engage with the organization

2. Yes 2. Evidence of Regional Authorities in engaging communities.
No information about the degree of diversity of
community stakeholders. Past initiatives of the treatment
company for community engagement.

3. Number and quality of meetings with
community stakeholders;

3. Yes 3. Data in progress.

4. Organizational support (volunteer hours or financial)
for community initiatives;

4. Not 4. No evidence

Local Employment 1. Percentage of the locally hired workforce; 1. Yes 1. Promoting local employment in the collection by
Municipalities, consortium ECOEM and other
stakeholders. The same applies to the treatment company.

2. Strength of policies on local hiring preferences 2. Not 2. No evidence

3. Percentage of spending on locally-based suppliers 3. Not 3. No evidence

Notes: Social Indicators have been included taking into account the UNEP/SETAC 2021, Methodological sheets for subcategories in social life cycle assessment (S-LCA) 2021 [42]. (*)
Unit of measure of social indicators: yes (presence of social aspects); Not (no evidence of social aspects).
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Table A7. Set of Indicators used to assess the social performances of the WEEE management system in the collection and treatment stage on the stakeholder category
“Society”.

Society Subcategories Social Indicators Unit of Measure
(*) Results Current Status

Public commitment to
sustainability issues

1. Presence of publicly available documents as promises
or agreements on sustainability issues;

1. Yes 1.
• Campania Region has implemented a legal system of

collection and recycling of WEEE in agree with Italian and
European legislation. The EU has set minimum collection
rates (Art. 7) and identified the proper treatment requisites
(Art. 8). The system is not well-performing.

• The treatment company is committed to sustainability
issues as it is certified by ISO 14001.

2. Complaints issued related to the non-fulfilment of
promises or agreements by the organization by the
local community or other stakeholders at OECD
contact points or Global Reporting Initiative;

2. Not 2. No evidence

3. Presence of mechanisms to follow up the realization
of promises;

3. Yes 3. Member States should ensure the achievement of the
collection targets and requisites of the recovery stage (Art.
8). The Regional Agency for the Protection of Environment
of Campania collect the data about WEEE generation,
management in the Region and exports of the WEEE
towards other Italian Regions and abroad. The data
collected are useful for regional public authorities,
municipalities, and research purposes.

4. The organization/management system has pledged
to comply with the global compact principles and has
engaged itself to present yearly; communication
on progress;

4. Not 4. No evidence

5. Implementation/signing of principles or other codes
of conduct (Sullivan Principles, Caux Round Table,
UN principles, etc.)

5. Not 5. No evidence
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Table A7. Cont.

Society Subcategories Social Indicators Unit of Measure
(*) Results Current Status

Contribution to economic
development

1. Contribution of the product/service/organization to
economic progress;

1. Yes 1. The WEEE management system contributes to the
economic development of the Campania Region and other
Italian Regions and beyond. The sector of collection and
recycling in Italy accounts for 9645 companies, of which
6343 are capital companies. In this latter is also included
the large recycling company that treats a relevant share of
the WEEE collected in Campania. The annual sales reached
20,801,000 euros in the year 2020. The employments units
were 89
(https://www.monitoraitalia.it/il-fatturato-delle-prime-
400-aziende-del-riciclo-e-raccolta-dei-rifiuti-nel-2021/).

2. The proportion of informal employment in
non-agriculture employment by gender;

2. Not 2. No evidence

3. Average hourly earnings of female and male
employees by occupation, age, and persons
with disabilities

3. Not 3. No evidence

Technology development 1. Involvement in technology transfer programs
or Projects;

1. Not 1. Currently, no projects support the technology transfer
programs of companies in the WEEE sector funded by the
Public Administrations of Campania Region; Lack of
incentives for entrepreneurial recycling WEEE projects.

2. Partnerships in research and development 2. Yes 2. Evidence of the involvement of some of the organizations
of the WEEE management system (Consortium ECOEM,
WEEE treatment company) in research projects, including
the Just2CE project;

3. Investments in technology
development/technology transfer.

3. Not 3. No evidence

Notes: Social Indicators have been included taking into account the UNEP/SETAC 2021, Methodological sheets for subcategories in social life cycle assessment (S-LCA) 2021 [42]. (*)
Unit of measure of social indicators: yes (presence of social aspects); Not (no evidence of social aspects).

https://www.monitoraitalia.it/il-fatturato-delle-prime-400-aziende-del-riciclo-e-raccolta-dei-rifiuti-nel-2021/
https://www.monitoraitalia.it/il-fatturato-delle-prime-400-aziende-del-riciclo-e-raccolta-dei-rifiuti-nel-2021/
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