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Municipal
and industrial
commercialndinstitutional sourcesMaterials
which are organic or recyclable,are excluded
from this definition.

solid wastes (MSW) residential
(non-process  wastes),

Construction and demolition (C&D) waste
consists of materials which are normally
produced as a result of construction,
demolition,or renovationprojects Includes but
is not limited to, soil, asphalt,brick, mortar.

Hazardous wastes are substanceswhich are
potentially hazardousto human health and/or
the environment Hazardous wastes are
typically classifiedoy producttype.
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Waste classification:

Table 1: Waste streams classified by source (adopted from Tchobanoglous & Kreith, 2002)

Source Facilities, activities, or locations Types of solid wastes
where wastes are generated

Residential Single-family and multifamily Food wastes, paper, cardboard, plastics, textiles, yard
dwellings; low-,medium, and high- wastes, wood, ashes, street leaves, special wastes
density apartments. Can be (including bulky items, consumer electronics, white
included in IC&I sector goods, universal waste) and household hazardous

waste.

Commercial Stores, restaurants, markets, office Paper, cardboard, plastics, wood, food wastes, glass,
buildings, hotels, motels, print metal wastes, ashes, special wastes, hazardous wastes
shops, service stations, auto repair
shops.

Institutional Schools, universities, hospitals, Same as commercial, plus biomedical

Industrial (non-
process wastes)

Municipal Solid
waste

Construction
and Demolition

Industrial

Agricultural

prisons, governmental centers

Construction, fabrication, light and
heavy manufacturing, refineries,
chemical plants, power plants,
demolition

All of the preceding

New construction sites, road repair,

renovation sites, razing of buildings,

broken pavement

Construction, fabrication, light and
heavy manufacturing, refineries,
chemical plants, power plants,
demolition

Field and row crops, orchards,
vineyards, dairies, feedlots, farms

Same as commercial

All of the preceding

Wood, steel, concrete, asphalt paving, asphalt roofing,
gypsum board, rocks and soils.

Same as commercial, plus industrial process wastes,
scrap materials

Spoiled food, agricultural waste, hazardous waste



Waste numbers:

1,3 billion tons per year of Municipal Solid Waste
e
2.2 billion tons per year by 2025

from 1.2 to 1.42 kg per person per day in the next ten years

Source: Whata waste 2012

Rates vary considerably by region, country, city, and
even within cities.

MSW generation rates are influenced by economic

development, the degree of industrialization, public
habits, and local climate




Waste numbers:

vaste generation by region Waste generation by income
Lower
il 25/5 Income

6%

OECD

44% Lower Middle
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29%

High
Income
46%
LAC
12%

Africa

South Asia
Middle East
Europe
Latin America

Est Asia and Pacific EA;; Upper Middle
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A OECD countries produce al moThehigheathefincomé level daneratevad urbadiatson,

while Africa and South Asia regiomsoduce the least greater the amount of solid waspgoduced.

waste.
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b. Waste Composition in Lower Middie-Income Countries \

Other
15%

Metal
2%

Waste numbers:

Glass _
3%
Other Piastic Orgz;‘rtic
12% 2
Metal = Paper

4% 9%

Organic
46%

Glass -
5%

Plastic
10%

d. Waste Composition in High-Income Countries

Other
7%

Paper
7%

A Low-income countries have the highest proportion of
organicwaste
A Paper,plastics,and other inorganic materialsmakeup the

highestproportion of MSW in high incomecountries
ICFDT 2016 31%



The EU contest:

Sorting of wasteis becomingncreasinglyimportant
The EU countriesdiffer how andwhich wasteseparate

The trend will be to separateas much useful waste as
possibleanddealwith it in the mostappropriatemanner

EU Legislation:

50% of all household waste

70% of all constructiornwaste
re-usedor recycled by the ye&020

e

Need of effectivandeconomical
ceoran SOrting processes




Industry requirements:
U Pure, high quality production
U Efficient work

U Low cost

Competitiveness against developing
countries"

Low labor cost

Industry demand:

Rawmaterial sorters, conveyors amatocessing systems
easyto install

energy efficient

reliable

low-maintenance

simpleto adjust andcontrol

network connectivity capabilities for remot@onitoring

<K<K LKKL

Effective recycling relies on effectigarting



A Trommelseparators/drum screens
Theseseparate materials according
to their particle size.

!"bp’ ’

A X-ray technologycan be used to
distinguish between different
types of waste based on the'~ ,
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A Magnetic and Eddy current
separatorThis methods are
specifically for the separation of
ferrous and nor ferrous metals.

Material
Feed

Repelled /
Aluminum

4 +

Magnetic Rotor

Monferrous  Nonmetallic
Metal Matenal

Sorting techniques

A Induction sortingThis method
locate different types of metals
and stainless steel from
shredder residue

A Light sensorsise the reflect light
characteristics talistinguish
between different materials

) Feeding of unsorted material
€3 Spectrometer Scanner
€ Separation chamber

A Manual sortingis still very much a technique that is used in the world tod:



Technologies for quality evaluation:

Electrical properties
Magnetic properties

Detect physical properties” quality factors Density .
Vibrational characteristics
X-ray transmission
Optical reflectance and transmission

e
Advantages and limitations:

A image resolution

A imaging duration

A safe handling

A samplespecific requirements

A availability of details such as surface cokexture
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r— — Spectral technologies: \

Raman Spectroscopy
Provides information X-ray fluorescence XRF

about molecular Provides information about
vibrations the component atoms

X-ray diffraction XRD
identify the atomic and molecular
Incident Radiation from structure Of a CryStaI

Primary X-ray Source

Raman spectrum

Ejected ~ jected

K-Shell O N > ~ it
electron /O\ t'>_ O Lljklt(rlcln

b""‘.—.5—‘ N —

LIBS (LaserIinduced Breakdown Spectroscopy)
determines the chemical composition of laser
Sl P evaporated material on surfaces
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Optical Technigques -
recognizeo b j e ¢t s Oshape, btruatural s |
propertiesand chemicatomposition.

Visible light

Size i
Under and over sized :
product )

Colour ‘o S Monochromatic light to identify high contrast defects
o b Trichromatic or high color resolution camera to
s & \ bl Wa 0 B89 distinguish subtle color differences

T O i

bl TN

Near Infrared spectroscopy

Bending- achange in bond angle or movement of a group of .atoms wj
respect to the rest of the molecule.

Stretching- the rnythmic movement along a bond axis wit a
subsequent increasmd decrease in bond length. In-plane rocking In-plane scissoring

AO-H, N-H, C-H, SH, R-H bonds etc., are NIR strong absorbers since they
have the strongest overtones as the dipole moment is high \ / \ /
ADifferences in spectra are usually very subtle. Instruments have a high signal tg

noise ratio. Symmetric Asymmetric
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Optical sorters:

Y B tehiseu 1. thefeed system,
< ¥ \ */ 2. the optical system,
v | ; 3. Imageprocessingoftware
Bt bt e il il 4. separatiorsystem

Ejected Non Ejected

Materal | - Maeril A Non-destructive
2t A Non-contact
A Reattime

Hyperspectral Imaging Spectroscopy:

In the last few yearslyperspectral Imaging Spectroscopy
(HIS) that integratesconventionaimagingand
moderate resolution spectroscopy

A Past NIR-sensors used rotation mirrors to scan

the belt point by point. |
A Present:d0l i ne scanningd te

TN
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The standard camera chip uses a resolution
Hyperspectral Data Classification Quality indicators of 320 x 256 pixels. This means the total
Image Acquisition [l Compression Unit and figures of merit working width of the belt is scanned with a
resolution of 320 pixels the spectral
resolution of this technology is also high.
The reflected light from each of the 320
points on the belt is split into 256 segments.

Camera

Light source Imaging
Spectrograph

Obijective

Spatial y-axis

Light source and
Infeed m camera
»
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/ products Line of sight Hyperspectral image Spectra
v

=

Defects

Spatial axis

Image calibration: dark and white reference images. -
offsets due to the detector dark current, the light source color
drift, and the lighting spatial noruniformity across the scene line.

Spatial ads

Spectral axis 7. [\m]
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ethods:

te optical properties. Therefore
to obtainefficientquality indicators conadegaﬁle Elata nagement and analgsis
requiredto convertthis huge information into “theesdesired operative indicators.

Gene E of ZGenes Tn mple ups

Principal Component Analysis

Imaging spectrometersollect informationabout materi

Gene2 |

A &data compressiond feature extraction dcarries out the reduction of d

0 Multi linear regression (MLR) * Sample 1 .

attemptsto model the relationship between two or mofeii%p%olanatory%a iables and a response variable b
a linear equation to observed data. —HE /V

U Partial Last Square discriminant analysis (BLS S

findsa linear regression model by projecting the predicted variables and the observable variables to a ni
U Principal Component Analysis (PCA)

IS a statistical procedure that uses an orthogonal transformation to convert a set of observations of pos:
correlated variables into a set of values of linearly uncorrelated variables called pricappbnents.
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deature selection6 met hod

variables that do not contribute to the classification.

s th

U Spectral Angle Mapper (SAM)

measurement of thgpectral similaritybetween two spectra

U K-Nearest Neighbors (KNN)

at

Spectral reflectance
of object t

| ey

| dent

Band

Spectral reflectance

(O object r (reference)

a

as,oe!;«lal reg:ance I g

of object k

—”.

n

Vote by the 3 neare:
neigbors

Band |

An object is classified by a majority vote of its neighbors, with
the object being assigned to the class most common among its k

nearest neighbors

U Softindependent modelling by class analogy (SIMCA

IS a statistical method for superv
U Artificial NeuralNetworks (AN

Neural networks emulate the human brain bec

of layersof interconnected nodes
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A 'Industrial growing needof wood
A Waste wood can be used as building material,
furniture and biomass
A A cleaning process is necessary to comply
with the ley specifications

BUT

A no systems in the market capable of
achieving a good removal of impurities

We focused on the waste identification and

selection

A MDF panel production , now only virgin wood
Isiused to comply with the standards

A Power generation,biomass for clean energy
generation

Y \

Background and Objectives

Goal: Bridge the gap between research and
market

One promising technology = NIR spectroscopy
Fast, robust, high resolution, not destructive
Material identification =)
Fast, robust, flexible

study of new techniques

Develop an innovative system able toemove up to 95%
of impurities from post -consumer wood .

Use of postconsumer wood
Impact

less wood waste, less virgin wood used, less E@ess
water consumption.

=) Environmental



The project

Objective set up and demonstrate the viability of a pilot plant able to finely separate

post-consumerrecycledwood from impurities

1. Theconveyor belt movesthe material to the detection system.

2. The optical system scansthe material. A new method that takes advantages of
the NIR spectral images is used to identify different classesof materials .

3. All the material is identifled and a system of air compressednozzle direct the

materia}l to the specificcase

Velocity 8 m/s Duration < 0,001s Duration ~ 0,001s \

P ‘ 2 |«
} P

SEpAlAll©
IESYSLET

. Vision amd
“ et cclection
fedl  system
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The laboratory system

Varian Cary 5000
UV -VIS -NIR Spectrophotometers

2. Measuring reflectance
% Light source

Diffuse Reflectance Accessory. 110mm diameter integrating sphere

A Spectral range 250nm & 2500nm
A Spectral resolution 1nm
A 2D detector array InGaAs (Indium Gallium Arsenide) and

In the NIR PbS (Lead Sulphide ) - 2041 spectral points
A Frame frequency  64Hz



Sam ple Contaminants Sample materials:

A Panel borders

Wood Sample materials: A Plastic
A Red brick
A Wood A Ceramic
A Micro chips clear (various essence) A Tile
Micro chips dark (various essence) A Glass
A PB with laminate A Mirror
A MDF with laminate A Concrete

A Heavy polluting

. Acquisition of the radiation for the whole range of wavelength to investigate the largest
part of the spectrum available .

. Acquisition of the reflected, both specular and diffuse, radiation of each sample.
. Study of the spectrum features for the different materials .
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Spectra
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1Nition

Rand de

Data analysis

wood correlation matrix plastic correlation matrix
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Figure 3. Correlation matrices for three classes of materials, wood, plastic and laminate.
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Data analysis
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Results

U We demonstratedhat new technologiesbasedon hyperspectralmaging are able to
separateontaminantsn wastewoodwith highaccuracy

U We developeda new classification method able to detectand separatedifferent
classe®f materials

U We defined six indices and we showed their specific capability in the class
identificationandseparation

U We havebeenableto defineanindex, Index 6, capableto selectwood from other

aterials in a very efficient way. A selectionprocedurethat usesthis index can

removeall the contaminantsn a singlestep

We also showedhow the combination of two indices with a limited separation

capacitycan achievean optimal efficiency in the threedimensionalspaceasin the

caseof Index6.

MOREOVER

The classificationalgorithm can be further expanded by adding other classesof
materials
Thecelassificationalgorithm is really flexible and can be optimized for different
purposes



The real system

FLOW DIRECTION

Hyperspectral imaging system
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Systems differences
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Figure 7. Reflectance spectra of different sample obtained with the Laboratory and the Inno-Spec systems.




The pilot system
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