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Abstract: This paper analyses multi-material Separate Collection (SC) of Municipal Solid Waste (MSW) 
management systems, focusing on multi-material selection plant. Different kinds of multi-material separate 
collections have been investigated, with particular attention to the Italian and European situation. After the 
classification process, a simplified Life Cycle Assessment (LCA) of these different multi-material separate 
collections has been studied, from collection to final disposal (recycling, energy recovery, landfill). The paper 
measures the impact of multi-material selection plant both on quantity and quality of products send to 
recycling; moreover, the paper compares selection plants total energy consumption with energy savings from 
waste recycling or energy recovery. The results show that multi-material separate collections are competitive 
in comparison to mono-material ones only when multi-material separate collection selection plant efficiency 
and effectiveness are kept high. 

Keywords: MSW management; Multi-material waste collection; Multi-material selection plant; Energy and 
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Nomenclature 

CCE: collection cycle efficiency 

GM: glass-metals multi-material separate collection 

GMW: gross municipal waste 

GPM: glass-plastics-metals multi-material separate 
collection 

IR: interception rate 

LCA: life cycle assessment 

MSW: municipal solid waste 

PE: polyethylene 

PET: polyethylene terephthalate 

PM: plastics-metals multi-material separate collection 

PPM: paper-plastics-metals multi-material separate 
collection 

RE: recovery efficiency 

SC: separate collection 

SE: selection efficiency 

SSL: separate source level 

1. Introduction 

The aim of the paper is classifying multi-material separate 
collections and then studying a simplified LCA of these 
collection systems. In particular, the paper focuses on 
measuring the impact of multi-material selection plant 
both on quantity and quality of products send to recycling. 
Moreover, the paper compares selection plants total 
energy consumption with energy savings from waste 
recycling or energy recovery. Finally, the paper matches 
multi-material collections with mono-material ones. 

The way numerical data on MSW quantities are recorded, 
processed and then reported in Italy has been investigated 
by Saccani et al. (2011): this paper shows lack of 
homogeneity and the fragmentation of the data collected; 
so, MSW collections of six significant Italian Districts 
(Bergamo, Bologna, Brescia, Milan, Padua, Turin) were 
deeply analyzed. An homogenization process on SC 
composition was necessary to compare six Italian Districts 
performances: in particular, all separate collections 
(including bulky and multi-material waste) are considered 
suitable for being included in SC, without distinctions 
regarding the destination of the collected waste. By 
analyzing national data and the six Italian Districts MSW 
management systems, it was immediately clear that 
comparable results in terms of per capita SC could be 
achieved by different strategies, in particular with or 
without multi-material collections. So, the question is: are 
multi-material collections better or not than mono-
material ones? 

2. Material and Methods 

Four kinds of multi-material (or commingled) collections 
are present in Italy and, more generally, in Europe 



(Autorità per la vigilanza dei servizi idrici e di gestione dei 
rifiuti urbani – Regione Emilia Romagna, 2010): Paper-
Plastics-Metals (PPM), Glass-Plastics-Metals (GPM), 
Glass-Metals (GM) and Plastics-Metals (PM). In this 
collection types, citizens are required to place different 
waste fractions in a single receptacle. Moreover, multi-
material collections are characterized by two different 
collection methods: the drop-off collection, that requires 
the transport by individuals into designated and distinct 
containers (like street rubbish bin), and the kerbside 
collection, that is a service provided by local authorities to 
collect waste directly at homes. 

Multi-material collections are compared with the mono-
material ones that collect the same fractions, namely 
paper, plastics, glass, metals and aluminium. Mono-
material collections, besides drop-off and kerbside 
collection methods, can be intercepted by collection point 
(or ecological platform) method, wherein only some kinds 
of SC are carried by individuals to a single collection 
place. 

Waste Collection Collection Method IR 

 Paper  
Drop-off 30-70% 

Kerbside 40-70% 

Plastics 
Drop-off 20-57% 

Kerbside 45-65% 

Glass 
Drop-off 45-96% 

Kerbside 45-96% 

Metals All 27,5-70% 

Aluminium All 13,8-92% 

PPM Drop-off 

35% Paper 

6% Plastics 

32% Metals 

9% Aluminium 

GPM Drop-off 

62% Glass 

5% Plastics 

9% Metals 

3% Aluminium 

GM Drop-off 

49% Glass 

13% Metals 

3% Aluminum 

PM All 

27% Plastics 

13% Metals 

11% Aluminum 

Table 1. IR of SC analyzed in the paper. 

A fundamental parameter in evaluating a SC system is IR, 
that could be defined as the percentage of one kind of 

waste that is intercepted by the related collection. For 
example, IR of paper is the ratio between the SC of paper 
and the paper that is present within the MSW. Table 1 
shows IR both for mono-material and multi-material 
collections involved in the comparison (Saccani et al., 
2008). A wide literature about IR of mono-material 
collections is present and is summarized in Grosso et al. 
(2011). In this case, IR is included in a range that is 
function of collection service quality: higher IR are 
possible if collection service is diffused and covers an high 
percentage of inhabitants and if the withdrawn service is 
frequent. This kind of collection service (high percentage 
of inhabitants covered, frequent withdrawn) can be named 
“pushed” and is characterized by higher IR and higher 
management costs (Autorità per la vigilanza dei servizi 
idrici e di gestione dei rifiuti urbani – Regione Emilia 
Romagna, 2010). On the other hand, a “soft” collection 
service is characterized by low percentage of inhabitants 
covered and less numerous withdrawn. Few data about IR 
of multi-material collections are available and literature is 
very poor: so, data in Table 1 are from Italian District 
MSW reports of Bologna and Turin. 

Waste Collection Collection Method SE 

 Paper  
Drop-off 95,5% 

Kerbside 98% 

Plastics 
Drop-off 65% 

Kerbside 84,5% 

Glass 
Drop-off 94,2% 

Kerbside 86% 

Metals All 90% 

Aluminium All 95% 

PPM Drop-off 44% 

GPM Drop-off 93% 

GM Drop-off 90,4% 

PM All 83,4% 

Table 2. SE of SC analyzed in the paper. 

The evaluation regarding multi-material or mono-material 
SC cannot disregard the analysis of what follows the 
collection cycle. In fact, a part of what is collected will not 
be suitable for recovery. SE of SC, defined as the SC 
fraction sent to recovery, is a good parameter to evaluate 
collections efficacy. Table 2 shows SE data both for 
mono-material and multi-material collections involved in 
the comparison. As before with regard to IR, a wide 
literature about SE of mono-material collection is present 
and is summarized in Grosso et al. (2011). SE of multi-
material selection is more complex to evaluate because it 
is strongly effected by selection plant efficiency. In fact, 
while mono-material separate collections are generally 
directly sent to the recycling plant (that usually made a 



pre-selection of recyclable fraction from refused waste), 
multi-material collections are sent to a characterized 
selection plant that separates different waste fractions (for 
example, a PPM selection plant divides the in-let stream in 
four out-let stream that are paper, plastics, metals and 
refused waste streams) and then addresses any recyclable 
fractions to their own recycling plants. Data in Table 2 
about multi-material SE are taken from Italian District 
MSW reports of Bologna and Turin and from Coreve 
(2004). 

Three different multi-material selection plants were visited 
to confirm literature data about SE and to better 
understand plants technical impact on SE. Figure 1 shows 
the Mordano (Bologna District, Italy) plant mass flow 
chart: the selection plant has a capacity of 20.000 ton/year 
and works with drop-off PPM coming from Bologna 
District. The selection line consists of a conveyer belt that 
first carries waste to the vibrating screen, where screening 
separation takes place. Recoverable waste goes on the 
conveyer belt and arrives at the manual selection station, 
where workers remove individual items of recyclable 
materials from the waste flow. The selected waste is then 
separated according to type and is finally pressed to 
reduce its volume and to be sent to recycling industries. 
The unselected flow continues on the conveyer belt until a 
deironization stage is reached. Any remaining waste can 
not be selected and it is process refuse. 

This kind of plant is not appropriate for high efficiency 
separation of PPM collections: in fact, SE of PPM for 
Bologna District is about 44% (Table 2). This low value 
could be generated by high wrong waste disposal by 
inhabitants (about 15% of whole PPM). 

 
Figure 1. Mordano selection plant mass flow chart. 

So, another PPM drop-off collection selection plant has 
been visited. Figure 2 shows mass flow chart of Nanterre 
(Paris District, France) selection plant: the selection plant 
has three lines for a total capacity of 30.000 ton/year and 
works with drop-off PPM collection coming from Paris 

District. Wrong waste disposal of Paris District PPM is 
comparable with Bologna District one. In Nanterre plant, 
the two main differences with regard to the Mordano 
plant are the ballistic screen and the negative manual 
selection. The first increases mechanical selection, because 
this kind of screen is able to separate flat bodies from the 
empty bodies. After the waste flow has passed through 
the rotating and the ballistic screens, it has thus been 
separated into three different flows. As a consequence, the 
workers only have to remove all the unrecoverable 
fractions from the flows. This kind of manual selection is 
called negative selection and produces an increase in 
efficiency: in fact. SE of Nanterre plant is about 72%. So, 
technical plant characteristics deeply affects SE of multi-
material collections. 

 
Figure 2. Nanterre selection plant mass flow chart. 

The third selection plant for multi-material collection that 
has been visited is the Vedelago (Treviso District, Italy) 
plant. This selection plant has a total capacity of about 
10.000 ton/year and works with GPM and PM. Figure 3 
shows Vedelago plant mass flow chart. The first station of 
manual pre-selection is designed to break and open 
unopened waste bags and to eliminate bulky waste from 
the line: so, employers eliminate from waste line both 
wrongly conferred and bulky recyclable waste (mainly for 
fruit and vegetable crates and plastic films). There is a 
further manual pre-selection station that covers the 
identification of the small refused waste, particularly small 
appliances that might cause problems to the following line 
of separation of ferrous and aluminium waste. After the 
phase of manual pre-selection, the flow arrives at the 
deironization and induction separator station to separate 
from the flow, respectively, aluminium and tin plate. Once 
metal packages have been sorted, the remaining flow is 
sent to a cyclone that separates glass from plastics: plastics 
are separated by a pneumatic suction system, while glass 
falls by gravity into the glass container. The remaining 
material (that is mainly made of plastics) is sent to the 



ballistic screen, which separates the empty bodies (mostly 
bottles) from the flat bodies (such bags or flexible 
packaging). The ballistic screen also separates undersize 
refused (i.e. the fraction whose size is so small that it is 
technically not allowable for recycling) from the main 
stream. Finally, the two waste streams, flat and empty 
plastic bodies, are then sent to the high manual selection 
stage, where employers select the different types by plastic 
polymers (PE, PET, films, vegetables boxes, etc ...) and by 
colours (coloured, blue, white). SE of GPM and PM are 
the same, about 95%, and are independent by collection 
method (drop-off or kerbside collection). 

 
Figure 3. Vedelago selection plant mass flow chart. 

Plant 
Multi-material 

treated collection
Size [ton/year] SE 

Mordano PPM 20.000 44%

Nanterre PPM 30.000 72%

Vedelago GPM-PM 10.000 95%

Table 3. SE data about visited selection plants. 

GM is usually not sent to a selection plant, but directly to 
the glass recycling plant wherein only a metals separation 
occurs. 

Literature data about RE, that is generally defined as the 
ratio between the fraction ready to be recycled and the 
collected and separated fraction, are shown in Table 4, 
that reports RE values only for waste fractions involved in 
the paper analysis (Grosso et al., 2011). 
Fractions Metals Aluminium Glass Paper Plastics 

RE 90,5% 83,5% 100% 89% 74,5% 

Table 4. RE of waste fractions analyzed in the paper. 

Once MSW separate collection overall recycling process 
(that includes collection, selection and recycling) is defined 
in terms of mass balance, an analysis on both energy and 
cost must be considered. A simplified LCA analysis will be 
focused on drop-off collection, that is still the most 
common collection type both in Italy and Europe. Five 
different scenarios will be analyzed, wherein mono-
material and/or multi-material collections are integrated 
by an ecological platform for wood, green waste, 
aluminium and metals collections. Table 5 summarizes 
energy consumption related to drop-off mono-material 
and multi-material collections (from Grosso et al., 2011) 
measured by distances in km for the collection by trucks 
of one ton of the different fractions (aluminium and 
metals are not collected by truck, but delivered to the 
ecological platform by citizens). Moreover, Table 5 shows 
energy consumption for fraction selection expressed in 
kWh/ton of selected fractions. Data about mono-material 
collections are taken from Rigamonti et al. (2009) and 
Arena et al. (2004), while data about multi-material 
collections are taken from  visited plant. Finally, Table 5 
contains data about energy savings when recycling instead 
of producing starting from virgin raw materials (from 
Rigamonti et al., 2009). Energy saving is measured in 
kWh/ton of recycled fractions. 

Collection
Collection by 

truck [km/ton]

Selection 

[kWh/ton] 

Energy saving 

[kWh/ton] 

Glass 14,5 18,4 1.785 

Paper 21,4 4,9 11.679 

Plastics 55,4 136 20.159 

Metals 0 71 7.549 

Aluminium 0 69 52.176 

PPM 19,0 
45 (SE=44%) 

100 (SE=72%) 
- 

GPM 19,0 120 (SE=95%) - 

Table 5. Energy consumption and energy saving data. 

Collection Collection cost [€/ton] Selection cost [€/ton] 

Glass 20-30 30 

Paper 20-30 50 

Plastics 350-450 150 

Metals 150-250 30 

Aluminium 150-250 30 

PPM 30-50 60 (SE=44%), 90 (SE=72%)

GPM 30-50 100 (SE=95%) 

Table 6. Collection and selection cost of different MSW 
separate collections. 



Data about collection and separation cost of mono-
material and multi-material collection are taken from 
Autorità per la vigilanza dei servizi idrici e di gestione dei 
rifiuti urbani – Regione Emilia Romagna (2010), 
Federambiente (2000) and Massarutto et al. (2011). 
Collection cost are referred to collected ton while 
selection cost are referred to selected ton and are reported 
in Table 6. 

3. Results and Discussion 

Table 1 and Table 2 show how PM and GM can be 
considered as “hybrid” mono-material collections, because 
the selection process of metals and aluminium fractions 
from the main waste flow (plastics or glass) has high 
values and the impact on SE of the main fraction with 
regard to the related mono-material SE is negligible. 

So, paper analysis will be than focused only on PPM and 
GPM. Five different scenarios have been defined. Each 
scenario is based on drop-off collection integrated by an 
ecological platform where wood, green waste, metals and 
aluminium are delivered. A so based MSW management 
system (drop-off and ecological platform) is consistent 
with a SSL of about 35% (Grosso et al., 2011), that is 
representative of the Italian condition. In particular: 

- the first scenario (MU-A1) is based on a drop-off 
PPM integrated by the ecological platform. A 
44% SE of the PPM selection plant is assumed 
(as Mordano plant); 

- the second scenario (MU-A2) is made up, as 
before, by a drop-off PPM integrated by the 
ecological platform, but SE of the PPM selection 
plant is assumed as 72% (as Nanterre plant); 

- the third scenario (MO-A) is based on a mono-
material drop-off collection of plastics and paper 
integrated by the ecological plant. Mono-material 
drop-off collections can be defined as “soft” 
collections. 

- the fourth scenario (MU-B) relies on a drop-off 
GPM integrated by the ecological platform. The 
SE of the GPM selection plant is assumed as 
95% (as Vedelago plant); 

- the fifth scenario (MO-B) is made up by glass 
and plastics mono-material drop-off collections 
integrated by the ecological platform. Mono-
material drop-off collection can be defined as 
“soft” collections. 

As an assumption of  the authors, IR of metals and 
aluminium by multi-material collections in the scenarios 
MU-A1, MU-A2 and MU-B have been reduced of 40% to 
balance the presence of two concurrent collections of 
metals and aluminium. Table 7 and Table 8 shows, 
respectively, the match between MU-A1, MU-A2 and 
MO-A and between MU-B and MO-B in terms of single 
waste fraction intercepted, separated and than recycled 
with regard to total amount of the considered waste 
fraction inside GMW. This percentage has been named 

Collection Cycle Efficiency (CCE) and can be expressed 
as in (1). 

 CCE = IR x SE x RE                                      (1) 

Fractions 

MU-A1 MU-A2 MO-A 

IR CCE IR CCE IR CCE 

Paper 35% 14% 35% 22% 30% 26% 

Plastics 6% 2% 6% 3% 20% 10% 

Metals 47% 30% 47% 35% 28% 22% 

Aluminium 19% 13% 19% 14% 14% 11% 

Table 7. CCE in the scenario with PPM. 

Fractions 

MU-B MO-B 

IR CCE IR CCE 

Glass 62% 52% 60% 51% 

Plastics 5% 4% 20% 10% 

Metals 33% 27% 28% 22% 

Aluminium 16% 12% 14% 11% 

Table 8. CCE in the scenario with GPM. 

Table 7 and 8 show that scenario MU-A1, that produces 
the same paper fraction interception of scenario MO-A, 
has a CCE that is one half the other. In this case, PPM 
selection plant low efficiency has a double negative effect: 
in fact, it produces more unsorted residual waste 
(addressed to energy recovery or landfill) but without a 
reduction effect on SSL, that depends only on IR. This 
fact represents a very relevant distortion of MSW 
management system evaluation parameters, that at now 
gives importance only to collected amount and not to 
recycled one. Scenarios MU-A2 and MU-B are 
comparable in terms of intercepted fraction and recycled 
fraction with, respectively, the scenarios MO-A and MO-
B. Only plastics fraction is collected with higher quantity 
in the mono-material scenarios because of a sustainable 
soft mono-material collection of plastics has about 3-4 
times the IR of multi-material with regards to plastics 
fraction. 

The scenarios MU-A1, MU-A2 and MO-A and the 
scenarios MU-B and MO-B have been then compared in 
terms of energy balance and costs by considering the same 
mass of collected waste fractions (before selection). This 
simplified LCA analysis neglects a large number of 
parameters, but the error due to this simplification is 
largely justified by a more clear and definite results, that 
seem to be an appropriate instrument for Public 
Administration. The results are shown in Table 9 and 10. 

 

 



Scenarios MU-A1 MU-A2 MO-A 

Collection 

Mass [ton] 1,0 1,0 1,0 

km 19,0 19,0 22,6 

Cost [€] 40,0 40,0 67,3 

Selection 

Mass [ton] 0,44 0,72 0,93 

Energy [kWh] 19,80 66,06 15,50 

Cost [€] 26,40 61,56 50,30 

Total Cost [€] 66,40 101,56 117,60 

Recovery 
Mass [ton] 0,39 0,63 0,82 

Energy saving [kWh] -5.213 -2.166 0 

Table 9. Energy and costs balance of scenarios MU-A1, 
MU-A2 and MO-A. 

Table 9 clearly shows that PPM is very competitive in 
terms of costs and energy consumption since only 
collection process is considered and SSL is the only 
parameter to be considered in MSW management 
efficiency. On the other hand, if the simplified LCA of 
collected fraction is considered, PPM shows high energy 
consumption and less energy saving. Selection efficiency 
of PPM selection plant should be higher than 90% to 
have the same energy balance (both consumption and 
energy saving) of the mono-materials one. This selection 
efficiency value is technically reachable, but by costs not 
competitive with mono-material one. So, PPM is definitely 
not competitive with mono-material ones.   

Scenarios MU-B MO-B 

Collection 

Mass [ton] 1,0 1,0 

km 19,0 20,2 

Cost [€] 40,10 95,50 

Selection 

Mass [ton] 0,95 0,90 

Energy [kWh] 114,0 31,7 

Cost [€] 95,00 54,60 

Total Cost [€] 135,10 150,1 

Recovery 
Mass [ton] 0,91 0,87 

Energy saving [kWh] 0 -698 

Table 10. Energy and costs balance of scenarios MU-B 
and MO-B. 

Table 10 shows that GPM is competitive with mono-
material ones. As seen before with PPM, the balance is 
absolutely positive both in terms of costs and energy 
consumption if only the collection process is analyzed. On 
the other hand, by considering the entire simplified LCA, 
GPM results as better than mono-material collections 
both economically and environmentally (less global energy 
consumption). 

4. Conclusions 

The paper analyzed simplified LCA of multi-material 
separate collection of MSW management systems, 
focusing on multi-material selection plant: the simplified 
approach produces clear and easily readable results that 
are addressed to Public Administration involved in MSW 

management. Different kinds of multi-material separate 
collections have been investigated, with particular 
attention to PPM and GPM. 

The paper measures the impact of multi-material selection 
plants both on quantity and quality of products send to 
recycling; moreover, the paper compares selection plants 
total energy consumption with energy savings from waste 
recycling or energy recovery. The results show that multi-
material separate collections are energetically competitive 
in comparison to mono-material ones only when multi-
material separate collection selection plant efficiency and 
effectiveness are kept higher than 90%. On the other 
hand, with this selection efficiency values, only GPM 
results as competitive in terms of costs with regard to 
mono-material collections, while PPM is not economically 
sustainable if compared with mono-material ones. 
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