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Life Cycle Assessment and Other Assessment Tools for

Waste Management and Resource Optimization

LIFE CYCLE ASSESSMENT (LCA) AND
ECONOMIC EVALUATION OF THE
RECOVERY OF MATERIALS IN AN URBAN
WASTE MANAGEMENT SYSTEM

Giovanni De Feo*, Alessio Finelli, Alberto Grosso

* Department of Industrial Engineering (DIIN), University of Salerno, diggea”gﬂemim y
84084, via Giovanni Paolo Il 132, Fisciano (Sa), ltaly, g.defeo@unisa.it N
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Main aim of the study

* The main aim of this study was to perform a Life Cycle Assessment (LCA)
as well as an economic evaluation of the recovery of recyclable materials

in an Urban Waste Management System.
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The main components of Urban Waste

= Urban Waste is mainly composed of three fractions: 1) putrescible materials,
2) recyclables materials, and 3) residual waste (‘residue’).

m Putrescibles
m Recyclables
B Residue
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The main components of Urban Waste

» The PUTRESCIBLE materials have
to be collected separately and sent
to composting and/or anaerobic
digestion plants.

* The RECYCLABLES materials have
to be sorted and sent to the proper
industrial facilities.

= the RESIDUE could be further
selected to be sent to energy
recovery plants.
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Packaging waste

= |f citizens separate erroneously urban waste fractions, they produce both
environmental and economic damages.
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Packaging waste

= On the base of the Extended Producer Responsibility (EPR), a
Municipality receives an economic amount for each kilogram of
packaging waste collected.

= |n ltaly, this activity is managed by CONAI (a private system, created and
designed by companies).

= The “CONAI system” is based on the activities of six consortia each
dedicated to promoting and control the most used materials in the packaging
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Packaging waste

= Packaging waste that goes into the residue represents an economic
damage (a loss of the “CONAI contribution” and the payment of the
disposal fees) as well as an environmental burden.
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Improving the efficiency of source separation

unsorted residual
municipal waste (2)
(‘residue’)

sorted municipal
waste (1)

m Putrescibles_1
m Paper and cardboard_1

: . m Plastics_1
improving the m Glass_1

efficiency of = Metals_1

source m Putrescibles_2
separation m Paper and cardboard_2
m Plastics_2
m Glass_2
& - m Metals_2
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A ‘perfect’ source separate collection system

100% sorted
urban waste

0% residue

100% m Putrescibles

. . -
effICIency of Pape.r and cardboard
m Plastics

source = Glass

— seTTatIOn = Metals
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A ‘better’ source separate collection system

X% residue (2) .

(100-X)% sorted
urban waste (1)

m Putrescibles_1
® Paper and cardboard_1

(100-X)% = Plastics_1

. ¥ L]
enwronmental eff|C|ency of Glass_1
education m Metals_1
campaigns the separate m Putrescibles_2
(55288, collection m Paper and cardboard_2
NI aSystem, = Plastics_2
greenopoli ¥ m Glass_2
green smiling revollft‘ on| , . Metals—z
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The case study area

= The environmental and economic evaluation was performed for the case
study of Nola (39.19 km?, 34.349 inhabitants, and 876.47 ab./km?) in the
Province on Naples, in the Campania Region of Southern Italy.

= Nola has a kerbside system which assured a percentage of separate
collection of 61% in 2015.
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Phases included in the LCA analysis

» The LCA analysis included the treatment and disposal phases as well as the
collection and transport phases.
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LCA software tool and Impacts categories

= The LCA software tool: SimaPro ~ 2imaFrod

SimaPro 8 release

LICA Software for measuring sustainability impact

* |Impact assessment methods:

v ReCiPe 2008 (for the medium-
term perspective Hierarchist both
for midpoint and endpoint levels)

v" Ecological footprint

v IPCC 2013 (100 years) |DCC L
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The scenarios analysed

* The environmental and economic analysis were developed for different real
and hypothetical scenarios based on:
v' increasing percentages of separate collection, and
v  different composition analyses of urban waste.
» 2013 (hp1) (real%)

> 2014 (hp1) (real%)
o 2014 (hp1) (65%)
o 2014 (hp1) (70%)
o 2014 (hp1) (75%)
o 2014 (hp1) (80%)

> 2014 (hp2) (real%)

> 2014 (hp3) (real%)
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Composition analysis hypothesis

hp_3

hp_2

hp_1

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
W Putrescibles m Paper and Cardboard m Glass

m Aluminium m Steel m PET plastic

m HDPE plastic m Mix plastic m Discard plastics
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Economic hypothesis

Plastic €203.24

w

0 50 100 150 200 250 300 350 400 450 500 550 600
= Max (€/ton) m Mean (€/ton) = Min (€/ton)

Materials and methods

25.25

Paper and Cardboard

Aluminum € 350.00

Steel




Moneys for Collected and Collectible materials

€ 550,000 repeees :
es0000 201314 :
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m Plastic mPaper m Steel mAluminum m Glass
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ReCiPe2008 (kPt)

ReCiPe 2008 single endpoint

2014 2014 2014 2014

2013 2014 (hp1)  (hp1)  (hp1)  (hp1) 2014 2014 2014

(hp1)  (hp1)  (65%)  (70%)  (75%)  (80%)  (hp2)  (hp3)  (hp4)
?Gﬂfﬁf)-ﬁﬁ%

® Treatment/disposal ™ External Transport - Step 1 = External Transport - Step 2 m Collection




Carbon Footprint 2014 (65-80%) saving

1.000.000

0

6

-1.000.000

y = -315,234x + 2E+07|
2= (,9837

kg CO, eq

-2.000.000

-3.000.000

Saving of 315,234 kg of CO,
-4.000.000 equivalent for each separate
collection point (9.2 kgCO,/cap/%)

-5.000.000 |




Land Occupation 2014 (65-80%) saving

0
500000 65 70 75 80

-1000000
-1500000
-2000000
-2500000
-3000000
-3500000

-4000000 -1 Saving of 145,530 kg of m2year for
| each separate collection point (4.2

-4500000 m2year/cap/%)

-5000000 '

y = -145,530x + 7E+06
2= ,9875

Land Occupation (m2year)




Environmental, economic and social benefits

= Avoiding that recyclable materials go into G2
residual waste is a benefit both in i
Comune di Nela GREENOPOLI

environmental and economic terms.
= |tis also a social potential benefit
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