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Waste classification:

Municipal solid wastes (MSW) residential

and industrial (non-process wastes),

commercialandinstitutional sources. Materials,

which are organic or recyclable,are excluded

from this definition.

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 humanhealth and/or

the environment. Hazardous wastes are

typically classifiedby producttype.



Waste numbers:

1,3 billion tons per year of  Municipal Solid Waste

è

2.2 billion tons per year by 2025

Source: What a waste 2012

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

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

ICFDT 2016



Waste generation by region

Waste numbers:
Waste generation by income

ÅOECD countries produce almost half of the worldõs waste, 

while Africa and South Asia regionsproduce the least 

waste.

Africa

South Asia

Middle East

Europe 

Latin America

Est Asia and Pacific

North America ðChina ðIndia 

Å The higher the income level and rate of  urbanization, the 

greater the amount of  solid wasteproduced.
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Å Low-income countries have the highest proportion of

organicwaste.

Å Paper,plastics,andother inorganicmaterialsmakeup the

highestproportion of MSW in high incomecountries.

Waste numbers:
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Sorting of wasteis becomingincreasinglyimportant

The EU countriesdiffer howandwhichwasteseparate

The trend will be to separateas much useful wasteas

possibleanddealwith it in the mostappropriatemanner.

EU Legislation:

50% of  all household waste 

70% of  all construction waste

re-used or recycled by the year 2020

è

Need of  effective and economical

sorting processes 

The EU contest:
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Industry demand:
Raw material sorters, conveyors and processing systems

V easy to install

V energy efficient

V reliable

V low-maintenance

V simple to adjust and control

V network connectivity capabilities for remote monitoring

Industry requirements:
üPure, high quality production

üEfficient work

üLow cost

Competitiveness against developing 

countries "Low labor cost

ICFDT 2016 Effective recycling relies on effective sorting 



Sorting techniques

Å Manual sorting is still very much a technique that is used in the world todayICFDT 2016

Å Trommelseparators/drum screens 

These separate materials according 

to their particle size. 

Å X-ray technology can be used to 

distinguish between different 

types of waste based on their 

density

Å Magnetic and Eddy current 

separator This methods are 

specifically for the separation of 

ferrous and nor  ferrous metals. 

Å Induction sorting This method 

locate different types of metals 

and stainless steel from 

shredder residue

Å Light sensorsuse the reflect light 

characteristics to distinguish 

between different materials
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Technologies for quality evaluation:

Å image resolution

Å imaging duration

Åsafe handling

Åsample-specific requirements

Åavailability of  details such as surface color, texture

Detect physical properties   " quality factors

Electrical properties

Magnetic properties

Density

Vibrational characteristics

X-ray transmission

Optical reflectance and transmission

é

Advantages and limitations: 
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Light spectra
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X-ray laser

Detector

Raman Spectroscopy

Provides information 

about molecular 

vibrations X-ray diffraction XRD 

identify the atomic and molecular 

structure of  a crystal

LIBS (Laser Induced Breakdown Spectroscopy) 

determines the chemical composition of  laser 

evaporated material on surfaces 

Spectral technologies:

X-ray fluorescence XRF

Provides information about 

the component atoms 
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ÅO-H, N-H, C-H, S-H, R-H bonds etc., are NIR strong absorbers since they 

have the strongest overtones as the dipole moment is high

ÅDifferences in spectra are usually very subtle. Instruments have a high signal to 

noise ratio.

Stretching- the rhythmic movement along a bond axis wit a 

subsequent increase and decrease in bond length.

Bending- a change in bond angle or movement of  a group of  atoms with 

respect to the rest of  the molecule.

Optical Techniques
recognize objectsõ color, size, shape, structural 

properties and chemical composition.

Near Infrared spectroscopy

Visible light

Monochromatic light to identify high contrast defects

Trichromatic or high color resolution camera to 

distinguish subtle color differences
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Hyperspectral Imaging Spectroscopy:

In the last few years Hyperspectral Imaging Spectroscopy 

(HIS) that integrates conventionalimaging and 

moderate resolution spectroscopy

ÅPast:  NIR-sensors used rotation mirrors to scan 

the belt point by point.

ÅPresent:òline scanningó technology such as HSI. 

Optical sorters: 

1. the feed system, 

2. the optical system, 

3. image processing software 

4. separation system

ÅNon-destructive

ÅNon-contact

ÅReal-time
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The standard camera chip uses a resolution 

of  320 x 256 pixels. This means the total 

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.

Image calibration : dark and white reference images.
offsets due to the detector dark current, the light source color 

drift, and the lighting spatial non-uniformity across the scene line. 
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Data analysis methods:

Imaging spectrometers collect information about material optical properties. Therefore, 

to obtainefficient quality indicators, considerable data management and analysis is 

required to convert this huge information into the desired operative indicators.

Åòdata compression ðfeature extractionó carries out the reduction of  data volume

ü Multi linear regression (MLR) 

attempts to model the relationship between two or more explanatory variables and a response variable by fitting 

a linear equation to observed data. 

ü Partial Last Square discriminant analysis (PLS)

finds a linear regression model by projecting the predicted variables and the observable variables to a new space. 

ü Principal Component Analysis (PCA) 

is a statistical procedure that uses an orthogonal transformation to convert a set of  observations of  possibly 

correlated variables into a set of  values of  linearly uncorrelated variables called principal components.
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Åòfeature selectionó methods that identify and ignore those 

variables that do not contribute to the classification. 

ü Spectral Angle Mapper (SAM)

measurement of  the spectral similarity between two spectra.

ü K-Nearest Neighbors (KNN)

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 

ü Soft independent modelling by class analogy (SIMCA)

is a statistical method for supervised classification of  data

ü Artificial Neural Networks (ANN)

Neural networks emulate the human brain because they consist 

of  layers of  interconnected nodes
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PHOENIX s.r.l.

Near Infrared technology for material 

identification and selection
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Å Industrial growing need of wood 
ÅWaste wood can be used as building material, 

furniture and biomass
ÅA cleaning process is necessary to comply 

with the ley specifications

BUT

Åno systems in the market capable of 
achieving a good removal of impurities

We focused on the waste identification and 
selection
ÅMDF panel production , now only virgin wood 

is used to comply with the standards
ÅPower generation, biomass for clean energy 

generation

Background and Objectives

Goal:Bridge the gap between research and 

market 

One promising technology   NIR spectroscopy
Fast, robust, high resolution, not destructive

Material identification                     study of new techniques 
Fast, robust, flexible

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

Use of post-consumer wood Environmental 
impact 
less wood waste, less virgin wood used, less CO2, less 
water consumption.



Capacity > 40 m3/h
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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 identified and a system of air compressednozzle direct the

material to the specificcase.

The project



Diffuse Reflectance Accessory: 110mm diameter integrating sphere

ÅSpectral range 250nm ð2500nm

ÅSpectral resolution 1nm

Å2D detector array InGaAs (Indium Gallium Arsenide) and

in the NIR PbS (Lead Sulphide ) - 2041 spectral points

ÅFrame frequency 64Hz

Varian Cary 5000
UV -VIS -NIR Spectrophotometers
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The laboratory system



1. Acquisition of the radiation for the whole range of wavelength to investigate the largest

part of the spectrum available .

2. Acquisition of the reflected, both specular and diffuse, radiation of each sample.

3. Study of the spectrum features for the different materials .

Wood Sample materials:

ÅWood

ÅMicro chips clear (various essence)

ÅMicro chips dark (various essence)

ÅPB with laminate

ÅMDF with laminate

Contaminants Sample materials:

ÅPanel borders

ÅPlastic

ÅRed brick

ÅCeramic

ÅTile

ÅGlass

ÅMirror

ÅConcrete

ÅHeavy polluting

Sample
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Spectra



Spectra 1stDerivative 2ndDerivative

Data analysis
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Pre-processing:
Noise suppression
Intensity fluctuation
Geometry effect



Plastic Laminate

Covering
Stone

Data analysis
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Data analysis
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Data analysis
1100 ɀ1700 nm 1700 ɀ2500 nm

Sample 

Class A wood
Class B plastic
Class C laminate 
Class D stone
Class E glass &

mirror 
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Results
ü We demonstratedthat new technologiesbasedon hyperspectralimagingare able to

separatecontaminantsin wastewoodwith highaccuracy.

ü We developeda new classification method able to detect and separatedifferent

classesof materials.

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

identificationandseparation.

ü We havebeenableto definean index, Index 6, capable to selectwood from other

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

removeall thecontaminantsin a singlestep.

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

capacitycan achievean optimal efficiency in the threedimensionalspaceas in the

caseof Index6.

MOREOVER

ü The classificationalgorithm can be further expanded by adding other classesof

materials.

ü The classificationalgorithm is really flexible and can be optimized for different

purposes.



The real system
TIME

FLOW DIRECTION
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Hyperspectral imaging system
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Integrating sphere NIR camera

Systems differences

The background 
influenced the spectra 

features

Corrections:
1. Bad pixel
2. Dark and white 

reference images
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The pilot system


