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MAPPING THE SCIENCE OF WASTE RECYCLING
Evolution of Research From 2002 to 2012

Index 1st Step - Setting the target.

» 2nd Step - Choosing databases.

« 3rd Step - Downloading the data.

* 4th Step - Data import and merging.

» 5th Step - Cleaning the data.

» 6th Step - Generating co-ocurrence matrix.
e, * /th Step - Visualizations.
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1st Step Setting the target.

This study will use bibliometric databases to map the research
taking place around waste recycling, and the evolution from year
2002 to year 2012 will be analyzed.

A versatile boolean approach is designed for «capturing» this

research from multiple databases.

Vantage Point text mining will be used for

1. Mapping Science UPV EHU

Merging the items retrieved from several databases.
Cleaning the duplicities.

Cleaning the keywords indexed in «author keyword» field,
building a thesaurus in this process.

Building a keyword co-occurrence matrix.
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2nd Step
Choosing
databases.

University of Connecticut database locator (University of
Connecticut 2012), for finding environmental sciences
specialized data sources.

EBSCO Green File was selected as specialized database.

SCOPUS and SCI were selected as generalistic, wide-coverage
databases.

SSCIl database was included given the relevant role played by
social science in waste recycling field, as detected in previous
works (Garechana et al. 2012Db).
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3rd Step

Downloading the
data.
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A versatile, flexible boolean query approach
was the choice to get the information
contained in several databases. The query
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3rd Step

Downloading the

data.

INDUSTRY
SPECIFIC AND
GENERAL
VOCABULARY

- PAPER INDUSTRY

- VARIOUS INDUSTRIES

- AGRICULTURAL RESIDUES

- ELECTRIC/ELECTRONICAL
RESIDUES

- GENERAL VOCABULARY

Venn diagram reflecting the
main areas detected in waste
recycling previous
characterization, and some
overlap zones.

WASTE-TO-
ENERGY

WASTE INCINERATION

WASTE
RECYCLING

LAND AND
SUBSTRATUM
RECOVERY

Vs Mana et T (2002) 1088074

Contents lists available at SciVerse Sciance Direct

Waste Management

Tracking the evolution of waste recycling research using overlay maps of science
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Changes in the amount and compasition of waste, in prices af
raw materiak, and in the performance of recycling processes, are
some of the facts that condition the research rends in waste reqy-

ence (WRS). Tracking
ities is an issue of importance for environmental agencies and for
recycling business, workiwide. Tracking allows dedsion makers
o develop RAD strategy with empirical [cts instead of bare intu-

i these maps
arevisual representations of the cognitive structure of abranch of
sclerce, aparticular ares of researchor the gobal spectrum of sc-
entific production. The strong paints of these visualizations are
their readability and the relishility of the sources of inbrmation
‘upon which they are built (Noyons, 2005)
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ey technology management questions (Porter and Cunningham,
2045 Some appiications of tech mining include tracking the spe-
clalization of different countries in a specific scientific develop-
ment (lslm and Miyazski 2010 or anticipating emerging
research fronts, by analysis of citations (Shibata et al_ 2008).
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in the global map of science, abtaining an attractive and mm
wiew of the research profile of 1 university, liboratory.
enterprise. This application can be particularly useful for be-m-
marking activities. Same interesting examples can be found in
the IDR website (Porter et al. 2010 updated).

The scientific publications pertaining to WRS. &5 contained in
15T Web of Sclerce (WOS) have been processed sing the text
‘mining tool Vantage Point (Search Technology, 2011 updated) for
years 2005 and 2010, and the results overlaged upon the global
mpn{mma shawn in Rafols et al (2010} This global map
all science, where

= Cllerusio} cart.
Lanasy
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m different n‘gmmn areas are represented by Subject Categories

We adopt an inclusive definition approved by European
Environmental Agency

« A method of recovering waste as resources which

include the collection and often involving the threatment
of waste products for use as a replacement of all or part
of the raw material in a manufacturing process »




ITEMS

Journal articles
retrieved and
database overlap

3rd Step
Downloading the data

Number of journal articles retrieved in the databases for
years 2002. The column «merge» points out a significant

overlap among databases. Number of publications increases
notably from 2002 to 2012.
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4th Step Data import and
merging.

Files were downloaded from SCOPUS, WOS and Green File in
proper formats for importing them using filters available at
hitps://thevantagepoint.com/ and other customized filters made
by VP support team.

The analysis will use author keywords as cognitive units
reflecting the research taking place in waste recycling field.

The merging process produced a VP file containing only article
titles and author keyword field, in order to minimize file size and
at the same time, keep fields (title) that could be further used to
detect duplicities.
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https://thevantagepoint.com/

4th Step Data ?mport and
merging.

. Vindowy  Help — -
 Import wizard was used M4 [summary 1) M
. . zl .
for Importlng data’ E] iz:{; &3 Import Wizard; Step 3 of 3 i —eEly E

u S i n g S C 0 p u S (C SV) . C 0 n f Step 3: Select the fields you want to impark
an d I S I -WOS . C O n f ! Abbreviated Source Title 2
filters. y o

Affilistions [Countr

»

Al |5
Authors
Chemicals/CAS
Conference date
Conference location
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Comespondence Address
Document Type

Funding D etails

Index Kepwords

m

ﬂ_ Language of Driginal Dacument
L Link
= Manufacturers .
Molecular 5equence Mumbers -
k|
Retere [ Show &1 Fields —
L Refere at
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Retfere [ Cancel ] [ < Back Mest » ap
SCOPL
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Tradenames m
<] {Summary / <1 I o s

| ® amiwos @ scopus
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4th Step Data ?mport and
merging.

Tools/Data Fusion command
merges data from different
VP files, allowing the user to
choose the fields to merge.

A good deal of duplicities are
automatically detected by VP in
merging process.

@ Fuse Datasets | e S
T — a4
Source Datazet 1 Source Datazet 2 Mew D atazet
[2011 WS v] [&cupux - Author Keywaords
Title
151 Unigue Article |dentifier - Abbreviated Source Title -
IS5M Ahstract
Journal Abstract [MLP) [Phrazes]
Kewwords [author's] Affiliations
Kewwords Plus Affiliations [Country) E
Murmber of Author Affiliations [Mame Author keywords
Murmber of Authors Authors
Qrganization Mames [Suthor Affils 4 Chemicalz/CAS
Publication Tupe Conference date
Public.ation v'ear Conference location
Fesearch frea = Conference name
! Source Corespondence Address l
Source Title [&bbrew) Document Type
Times Cited Funding Detailz L]
Title Index Keywords
Web of Science Category - Language of Original Document = Keep Groups
" = " ‘. = " Combine groups with zame name
||
| Resalving Indeterminate Group Tags
:ﬁ'dd Felie By @ Mark neutral (mast canservative) oren o st s
0 Field M ame (71 Mark include [least) v CAMPUS OF
() Meta Tag INTERNATIONAL
EXCELLENCE

[ ()4 l [ Cancel ] UPV EHU




Cleaning the data-

Sth Step Removing duplicities.

« Our main problem were the duplicities derived from the
merging of the contents of several databases.

« «Title» field was cleaned by running several «list cleanup»
commands

I Wi s S

References "

References [Authors) Buscar en: o Fuzzy hd @ ? % [

References [duthors] [First) =

References [Authors] [Dthers) I Mambre Fecha de modifica..  Tipo

Ref J | N iy

Rofoomees Eﬁﬁ‘;?a ame) = || British&mericanSpe lling.fuz 03/07/200813:21  Archivo FI
Ee;erences (Title] [MLF) [Phrases] Sitios recientes | p oo nmericanSpellingStem.fuz 03/07/2008 13:21 Archiva FI
Aeleences (Yer) - || General fuz 03/07/200913:21  Archivo Fl
Source title F || Organization Mames (ignore dept).fuz 03/07/2009 13:21 Archiva Fl
Sponsars Escritorie | | Organization Names.fuz 03/07/200913:21  Archivo Fl
TtIEe E — || Person Marmes.fuz 15/07/2013 15:17 Airchivo Fl
Riil.[ar:ti].e[sph[as.%] ._‘:LJ || Person Marmes-Aggressive fuz 20/0472013 12:22 Archiva Fl
Year — Bibliotecas || Person Marmes-Wery Aggressive fuz 03072008 13:21 Archivo Fl

I

Mew Field:  Tille [Cleaned) L,,.,.! |}»

ﬂ: Canitm Cherazs . EqL{ Mue:tra las unidades de disco y hardware conectado a este equipo.
“erify batches wd another Field @
N .
2 B VierTieel 4| mn 2
I etup Yerifization Red
Narnbre: - Uze
Tipa: [ Fuzzy Matching Files (*fuz) v| [ Cancelar | |’»
| Reszolving Indeterminate Group Tags i
@ Mark neutral [most conservative)
n I () Based on record count (less congervative]
oi () Mark include [least conservative) d oqirpey
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Cleaning the data-

Sth Step Removing duplicities.

* There are many fuzzy matching files to detect duplicities, our
approach was to start by running «General.fuz»
(conservative), to later expand the cleaning with other fuzzy
files that properly detected title variations due to greek
symbols, dashes and other special characters. The cleaning
must be conducted under close supervision of the analyst,
since automatic cleaning is prone to errors.

Fuzzy ~ & ;i

Marmbre i Fecha de

| British&mericanspelling.fuz 03/0F /200

| British&mericanspellingstern. fuz 0307200

| General.fuz 0307200

| Orgarization Marmes {(ighore dept)fuz 03/07 200

|| Orgarnization Mames.fuz 03/07 200

| Person Mames.fuz 15/07/201

.| Person Mames-Aggressive.fuz 29/04/201 gy
| Person Mames-Wery Sggressive.fuz 0307200 v Egﬁz@

UPV EHU
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Cleaning the data —

Sth Step | Author keyword field.

« Having removed duplicities, then «author keyword» field was
to be cleaned. In this case singular/plurar forms, synonims
and corrupted forms of the same term were to be grouped.
«General.fuz» file and the option «Add Close Matches» were
extensively used, by manipulating the similarity % in succesive
cleaning rounds.

@ Cleanup Confirm . l | B -
Cleanup  Sets  Detail Window
Item Mame Mum Records ~* Dol
) Al temns
+ Recycling waste 133 = .
+ E-washe 170 ) Combined Items
+-{\iaste managers 93 @ Custom Set of ltems
+ Electronic waste Jats} Custom Set of [hems
o W aste 4a -
- solid waste 2 | dd Close Matches [50%) | =
* Brwaste recycling 2 [ Remaowve Al ] I Irweert Set I
+ Industrial waste 21
+ Plastic waste 21 ]
Food waste 14 Find
- Drganic waste 13 [ Regular Expression i
+ Hazardous waste 12
o runicipal waste 12 I
Household waste 10
+- Construction waste 9 1
Fackaaing waste 3 | oen ta zae zan
Waste generatian a8 ] CAMPUS OF
+ Waste matenal 8 ] INTERNATIONAL
Wi ache mikirniz atine 7 N Cancel I EXCELLENCE
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Cleaning the data —

Sth Step | Author keyword field.

« [tis extremely important to build a thesaurus in this cleaning
stage, since this thesaurus can be automatically run on the
data corresponding to other databases or years.

« VP allows to build a thesaurus containing the operations made
In each cleaning round. When the process is finished, all the
thesauri can be merged, forming a complete thesaurus.

File Edit Thesaurus

2l &} B= 53

Field Thezauruz Rezultz
Euthor Kemuords @ |I::'\F'rogram Filez [#86)% antagePaoint Thesauruzithes2 the Apply Thesaurus
| "W azhe' words - 3R -
(Recyclate) qualiy ] Advance recyeiing .. [
[wazte-] water treatrment =i Aggregate!
l -aminobutyric acid “Agaregated
| 1.2-Biz[2 4.6-tnbromophen “Agaregates$
1.,4-ciz polibutadiene rub. . =) Agricultural soil
. 1-amino-2-propanal “Agricultural ...
| 2.2-dichlorovinyldinethylpk “Agricultural so...
[ | 2-amino-2-methyl-1-propa.. Agricultural wagte recs
D remblemiim b b 2 L 7 [T | P S TRy | st
| 4 | 3 4| 3 I
Display | v et s
(@) Entire Lizt | PUS OF
b atched Terms INTERNATIONAL
1 EXCELLENCE
Un-tatched Terms ] U PV EHU




Generating co-

6th Step occurence matrix.

* Once «author keyword» field is properly cleaned and
duplicities removed, the co-occurrence matrix is easily created
In VP, allowing the calculation of relationships between
bibliometric items.

Reset Keywords (author's)thes2810AGRSe| 1 | 2 [ 3| a | s | s | 7| 8| 9o [ 10| 1|12 13| 1415|186 |17 ] 1
# Records | 108 | 101 [ 591 501 | 01| 452 [ 425 | 401 | 386 | 371 365 | 353 | 334 330 | 324] 295 | 284] 2
=
3 v | -
= Show Values >= 1 and <= 1083
oL
£ Cooccurrence =
3 # of Records = M
¥ = = =
2 5 o 4
z wi = z
5} o i =
b - =
i i ! 5| E ] = &
& = e ol 2| 3 E E
- “ g in) > i o = 2 E E a-l
£ | T e = Slal2|l L]l el ulB]lc]z]E ;
E |3 =l I - o| | E|E|la|l|eElac|le|S| 2] el
2|2 AHMHOIEHEIEHEHEEE R
I v A | z|8|s|¥|B|S|8|F|5|8||8|8|2)2|E)A]:
1 1083 WASTEWMATER TREATMENT 15 | 26 [ 45 [19 [ 41 [ 21 (23 [ad4 [25[23 [ 6 [ 4 [ 5 [ 1 [11 [13[ ¢
2 1012| Biomass 13 e[ 10 [14 [37 [ 2 [16 (11 |10[45] 3 s |6 | 6 56247
3 591 | Eneray 26 [11ef8E] 2 [ 2 (18| 3 [23 |1 [ 8| 2 2 20 8 |3 [45 [+
4 501 | HEAYY METALS a5 (10| 2 M50t s [ 8 [ 1|6 |[so|sz|a |||z 714
5 501 | =ail 19 (14| 2 |51 [801] &8 (28| 3 | 5 |25 4 [35 |29 4 [39| 7 [ 4
6 452 | MODELING 41 | 57 |18 | & | 8 (452 7 |18 | 9 | 5 |27 | 8 |10 |15 | & |12 | 10| 3
7 425 | Bindegradation 2231 2| 7 [4ss(12] 7 319z a |7 |72 101
8 401 | ANAERCBEIC DIGESTION 23 |16 |23 | 6 | 3 |18 |12 [401] 3 | 30 |13 | 1 |11 |17 | 34 | 3 | &7
9 386 | adsorption a4 (111 |39 5 9|7 |3 [@8810[s53]3 ]2/ 1 7
10 371 | Sewage Sludge 28|10 & [sz]25| 5 | 3 [30] 10 [5710] 10 2% | 5 | 4|1 [10]+
1 365 | Kinetics 23 [ 45 2 | 9 [ 4 |27 (19 (1353|1065 3 [ 4 1 [ 74|33
12 353 | Bioremediation 6 | 3 25 [35 | 9 [34 1] 3 3 383 1 1| 2 R
13 334 | COMPOST a [ 526 [za[10]a 1|2 2641 [33¢]210 29[ 2]4]1 sk
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7th Step Visualizations.

VP offers a wide variety of similarity calculation tools, as well
as visualization tools, but the approach chosen in this study
required the export of co-occurrence matrix for further
processing to statistical software R.

* One of the weak points of this software lies in its problematic
to export large matrices to a format that could be imported to R
or other software. ( slow 1000 x 1000)

* A similarity measure was calculated in R and keywords were
clustered by hierarchical clustering. The clusters were further
analyzed by network analysis using pajek.
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7th S ‘ Visualizations —
th Step year 2002

WASTEWATER TREATMENT-WETLANDS . OXIDATION TECHNIQUES

. l‘ //. NITRIFICATION-DENITRIFICATION
I
MANURE & SOIL AMENDMENT
ANAEROBIOSIS
WASTEWATER TREATMENT TECHNIQUES

ADSORPTION KINETICS

/ . ENZYMATIC DEGRADATION OF AGRICULTURAL WASTE
BIOAUGMENTATION .’ANJ’\E ROBIC GASES
FILTRATION-MEMBRANES
SUSTAINABLE DEVELOPMENT STUDIES
PERSISTENT ORGANIC ELEMENTS TOXICITY

. AGRICULTURAL WASTE

CELULLOSIC RESIDUES-ETHANOLIZATION

BIOREMEDIATION

COMPQSTING
BICILDGIC ENERGY SOURCES

CHROMIUM REMOVAL-BIOREMEDIATION

‘OMAS 5 COMBUSTION ENERGY

HEAVY METALS CONTAMINATION

BIODEGRADATION TECHNIQUES l
A ﬁGRICULTLIRAL RESIDUE ENERGY

SLUDGE & SOIL AMENDMENT
| RECYCLABLE PLASTIC MATERIALS-PROPERTIES

H METALS-ZN,CU,CD " Y NUTRIENTS

Map corresponding to main research areas in 2002. Each node corresponds

to a keyword cluster, labelled by expert-supported analysis of the keywords.

Links between nodes indicate similarity and node colours identify strongly
connected clusters that form a wider research area.
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7th S ‘ Visualizations —
th Step year 2012

. BIODIESEL
BIOCHEMICAL KINETICS
ALGACULTURE & CO2 FIXATION
ADSORPTION —

| AGRICULTURAL RESIDUE ENERGY

. HEAVY METALS TREATMENT .
.COMPOSTING ~—5—\ \ |

SOIL REMEDIATION \ | BIOMASS COMBUSTION ENERGY

EDAPHIC BACTERIAL ECOLOGY T

MAMNURE & SOIL AMENDMENT
LIFE CYCLE ANALYSIS & BIOENERY IN CLIMATIC CHANGE STUDIES

FILTRATION-MEMBRANES

.:' ) .
BIODEGRADATION-BIOREMEDIATION
| WASTEWATER TREATMENT . LIGNOCELLULOSIC BIOETHANOL

AN Vv { | OXIDATION TECHNIQUES
CELLULOSE AS A RESOURCE

Map corresponding to main research areas in 2012. Each node corresponds
to a keyword cluster, labelled by expert-supported analysis of the keywords.
Links between nodes indicate similarity and node colours identify strongly

connected clusters that form a wider research area.
1. Mapping Science
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Patent Overlay Maps. Spain and ‘ 2
Basque Country

a8 This study uses the new global patent map developed by Luciano
Kay et al. to reflect the patenting activity of Spain together with
the activity of the Basque Country, a highly industrialized region
In Spain.

The global patent map reflects the technology categories where a
patent could be categorized according to the International
Patent Classification (IPC) system, in addition to the degree of
similarity among different IPCs, determined by using the citing-
to-cited relationships as bonds between categories. An overlay
method has been developed to compare both regions
representing the most important technology fields and possible
technology transfers.

The period of the study corresponds to Jan 2000 to Dec 2006,
coinciding with the period of the global patent map.
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L..Axflq
L,

Spain overlay has been made utilizing data corresponding to Spanish patent
activity, collected from the PATSTAT database of European Patent Office (EPO)
by using the nationality of applicants as selection criteria (13575).

Each node represents each of the 466 categories that simplify the IPC, and each
colour represents each of the 35 technology areas in which they have been
grouped. Sectors with higher inventive activity are: “Construction”; “Domestic
appliances”; “Vehicles”; “Drugs, Med Chem” and “Biologics”.

Spain Patent
Overlay Map
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7
;;a";‘
? Recording

Basque Country Patent Overlay Map has required access to the INVENES
database of Spanish Patent and Trademark Office (OEPM) in order to
determine the region corresponding to each Spanish patent.(1038). Most

omen 3 e zanu

important sectors coincide “Construction”; “Domestic appliances” and
“Vehicles”; but “Vehicle parts” and “Machine Tools”, which are not very ﬁ’
important in the case of Spain, also appear. UPV EHU

Basque Country
Patent Overlay Map
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Condiments, Oral medicine > =

n= 33 records

n= 967 records

Horticulture

If the patents related to the sector of “Biologics” are analysed only through their
IPCs, and the IPCs that are cited are represented, the following overlays are
obtained.

If they are compared, it can be observed how in the case of the Basque
Country there are empty zones, which shows a shortage of technological flow
among certain IPC categories in the sector of “Biologics” that are not met in
the case of Spain: “Condiments, soup”; “Oral medicine” and “Horticulture”

Technological
knowledge flows in the
sector of “Biologics”

Spanish cited Patent Overlay Map “Biologics Basque Country cited Patent Overlay Map “Biologics”
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Rising knowledge flows “
in the sector of “Biologics’:

Spanish Patent Overlay Map “Biologics”

n= 967 records

The patents related to the sector of “Biologics” are also related to other sectors
If this overlay is compared to that of the sectors to which the cited patents
belong to, it can be observed how certain sectors belong to the cited g e

patents but not to the citing patents: “Photolithography”; “Lighting”; “Furnace ﬁ’ eyl
EXCELLENCE
UPV EHU
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Patent Analysis study to
Create New Technology
Based Firms

Firstly, a patent analysis in the field of textile waste recycling
Is performed, the main objective of which is to gain insight
into technological trends.

Secondly, once the technology landscape has been shaped,
we proceed with the selection of the right patent which will be
the grounds for the business proposal of a NTBF. The aim of
this business proposal will be to set up a pre-treatment plant
for post-consumer carpets generated in the Basque Country.

Finally, the design of the Technology Delivery System that
will allow us to identify, on the one hand, potential barriers
when entering the market, and on the other hand, the major
players along with the main leverage points that connect
these emerging technology capabilities to market needs.
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Patent Analysis
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Text Extraction & Cleansing — Technology Characterization

_________________________________________

Information
Extraction

Patent
Document
Collection

Search Query:
Topic = recycl®
AMD Topic = textil”

Data Cleaning

Duplicate
Remaoval
Thesaurus
Application

Top Lists — Management Maps

Assignes

Priarity Countries
Priority Year
International Patent
Classification

Technology Maps
s Auto-correlation assignee
+  Cross-correlation assignee/IPC
s Cross-correlation country/IPC

Patent Analysis study to
Create New Technology
Based Firms

Natural Language
Processing
&
Expert Opinion

NLP
Textile or textiles
on fitle

k4

NLP
Recycling, recovery
or method in
abstract

J

In this case the patent information was retrieved from the Derwent Innovations
Index database. The information retrieved is made up of 1156 patents
found in the world textile waste recycling sector for the period 1965-2010.

— » Decision Process

TDS

Technology Delivery System

Barriers to Entry into Market

Expert Knowledge

Innovative Process that

results in a NTBF

>
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Create New Technology

Based Firms
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Cross correlation 2005-2009 cross
assignee/IPC correlation

2000-2009 textile or
textiles on title. 259
patents

assignee/IPC textile or
textiles on title.
147 patents

B32B Layered products, i.e. products built-up of strata
of flat or non-flat, e.g. cellular or honeycomb, form
C08J Working-up; general processes of compounding;
after-treatment not covered by subclasses

C08B, C08C, C08F, C08G or CO8H C0O8L
Compositions of macromolecular compounds

BO1D Separation

B29B Preparation of pretreatment of the material to be
shaped; making granules or performs; recovery of
plastics or other constituents of waste material ¢
ontaining plastics

CO7C Acyclic or carbocyclic compounds

D04H Making textile fabrics, e.g. from fibres or
filamentary material; fabrics made by such processes
or apparatus, e.g. felts, non-woven fabrics; cotton-wool;
wadding
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Other
projects

(2012-2013) CLOUDROAD. Roadmap to Cloud Computing in the SME _
Programme: SAIOTEK 2012

Project Reference: SAI12/118

Funding Entity: Gobierno Vasco

Research Line: Cloud Computing: Business Perspective (UNESCO code: 530600)

(2012-2013) Forward in the visualisation of the conection between Science and
Technology

Project Reference: EHU12/19

Funding Entity: UPV/EHU

Research Line: Text Mining Technology /Techmining (UNESCO code: 530600)

(2011-2013) Smart Platform of Business Management based in Cloud Computing y la
WEB 2.0 _

Programme: INNPACTO 2011

Poject Reference: IPT-2011-1805-430000

Funding Entity: Ministerio de Ciencia e Innovacion

Main Researcher: Instituto de Innovaciéon Empresarial S. A.

Research Line: Cloud Computing: Business Perspective (UNESCO code: 530600)
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https://sites.google.com/site/tfmgrupo/proyectos/gobierno vasco.JPG?attredirects=0
https://sites.google.com/site/tfmresearch/projects/innpacto.JPG?attredirects=0
https://sites.google.com/site/tfmgrupo/proyectos/gobierno vasco.JPG?attredirects=0
https://sites.google.com/site/tfmgrupo/proyectos/upv-ehu.JPG?attredirects=0
https://sites.google.com/site/tfmresearch/projects/innpacto.JPG?attredirects=0
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