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@ Method and system to convert demolished concrete into a readily recyclable product

Method and system to convert demolished concrete into a readily recyclable product which is capable to reliably
replace virgin feedstock that is used for manufacturing concrete, wherein converting the demolished concrete into
the readily recyclable product comprises adding a plurality of information carriers to said product, wherein the
plurality of information carriers are regularly distributed into said product by securing that each separate fraction of
the product will hold a dedicated information carrier, and wherein each such dedicated information carrier is
arranged to refer to information that is characteristic for the fraction of the product in which the dedicated
information carrier is contained.

®O®

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en schriftelijke opinie. Het
octrooischrift komt overeen met de oorspronkelijk ingediende stukken.
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Method and system to convert demolished concrete into a readi-

ly recyclable product

The invention relates to a method to convert demol-
ished concrete into a readily recyclable product which is ca-
pable to reliably replace virgin feedstock that is used for
manufacturing concrete. The invention also relates fto a system
for implementing this method.

The dissertation by Kimberly Mary Cochran presented
to the graduate school of the University of Florida in 2006
and entitled “CONSTRUCTICN AND DEMOLITION DEBRIS RECYCLING:
METHODS, MARKETS, AND POLICY” reports that concrete can be re-
cycled into most markets that are currently satisfied by
crushed stone. The most common markets for recycled concrete
are those in construction, specifically rcad base (86%), as-
phalt concrete (8%), and general fill (6%). If concrete is re-
cycled, benefits are accrued through the reduction in need of
virgin aggregates that the recycled aggregate is able to re-
place.

The replacement of virgin aggregates i1s however ham-
pered because the industry is hesitant to replace primary by
secondary raw materials. The industry perceives recycled mate-
rial to be subject tc a high variability in guality, and that
there i1s a high cost associated in determining the usability
of a recycled product which is intended to replace virgin
feedstock for the manufacture of concrete. If the gquality of
the recycled material is not up to standard, the reliability
of the construction manufactured from concrete based on such
recycled product is not guaranteed.

It is known from the article “Enhancing construction
quality inspection and management using RFID technology”, by
Lung-Chuang Wang, Automation in Construction 17 (2008), pages
467 — 479 to provide plural RFID tags into a mixture of con-
crete from different construction sites. The RFID tags of this
article are intended to support a guality management system
which functions as a platform for gathering, filtering, manag-
ing, monitoring and sharing quality data in order to enhance
automated data collection and information management in a

gquality test lab.
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It is an object of the invention to provide a method
and system to convert demcolished concrete into a readily recy-
clable real life product which is capable to reliably replace
virgin feedstock that is used for manufacturing concrete, and
to abolish the need to involve a test lab for situations that
doubts would arise about the quality and suitability of the
demolished concrete as a recycled product for replacement of
virgin feedstock.

It is another object of the invention to provide re-
al-time available information on the demclished concrete which
characterizes said concrete on a high-resoluticn basis, mean-
ing that the information will not so much relate to the demol-
ished concrete in bulk, but will relate to the demolished con-
crete in fine enough fractions to support a reliable replace-
ment of virgin feedstock by these fractions.

The method and system of the invention are for this
purpose provided with the features of one or more of the ap-
pended claims.

In one aspect of the invention converting the demol-
ished concrete into the readily recyclable product comprises
adding a plurality of information carriers to said product im-
mediately or shortly after demolishing the concrete, wherein
the plurality of information carriers are regularly distribut-
ed into said product by securing that each separate fraction
of the product will hold a dedicated information carrier, and
wherein each such dedicated information carrier is arranged to
refer to information that is characteristic for the fraction
of the product in which the dedicated information carrier is
contained. This increases the transparency of the recycled
product and provides a reliable and easy way to access infor-
mation defining such recycled product and the parties involved
that handle the demolished concrete and the recycled product.
The information can thus relate to quality, properties of the
demolished concrete, manner of demolishing, original applica-
tion and location of the demolished concrete, manner of trans-
portation, owner of the original building, the concentration
of information carriers in the product, etc. In particular,
the information can help users of the product to design an op-

timal recipe for new concrete, including e.g. the amount of
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cement, water, superplasticizer that is to be added to the re-
cycled product, taking into account the quality of the recy-
cled product and the intended application of the new concrete.

Suitably the dedicated information carriers are pro-
vided in the form of RFID tags. RFID tags are easily noticea-
ble by cost-effective RFID readers and their presence can thus
be established even if the tags are not visible and embedded
in the recycled product.

It is found beneficial that each fraction of the
product is provided to weigh approximately 1 ton. This pro-
vides a sufficiently dense distribution of information carri-
ers in the recycled product to support a reliable characteri-
zation of this product as is, or as contained in a construc-
tions made from it, wherein unallowable deviations of the re-
quired specification of the recycled product can accurately be
assessed.

It is further preferable that each information carri-
er is uniquely identified with an identifier such that the
identifier of any such information carrier corresponds to an
entry in a database, and wherein said entry holds the infor-
mation that characterizes the fraction of the product in which
the information carrier is contained. Access to the infor-
mation then simply requires access to the database in which
the information is contained.

It is further preferable that the information carri-
er has a size, material surface, and robustness that makes it
compatible with the intended application in new concrete, e.qg.
by applying an outer shell made from a ceramic material and in
a size that is within the range of the particle size of the
recycled product.

To promote the benefits of the invention it is desir-
able that converting the demolished concrete into the readily
recyclable product comprises analyzing properties of the de-
molished concrete and feeding the database with the estab-
lished properties.

A desirable aspect of the invention is further that
analyzing the properties of the demolished concrete is done in
line and based on real time measurements during conversion of

the demolished concrete into the readily recyclable product.
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This brings about a tremendous advantage over the prior art in
which it is required to execute time-consuming testing proce-
dures when doubts arise about the quality of recycled con-
crete. These prior arts testing procedures may take up to 30
days, whereas the invention provides that the properties are
monitored in real time and stored in the database to be imme-
diately accessible for the user in the intended application.
This saves costs of transporting and storing batches of the
product in separate piles in facilities away from the source
or final destination until the quality of the recycled product
is established.

In a preferred embodiment of the method of the inven-
tion converting the demolished concrete into the readily recy-
clable product comprises crushing of the demolished concrete
into coarse and fine fractions.

It is further advantageous that analyzing the proper-
ties of the demolished concrete comprises monitoring a stream
of concrete fractions by laser induced breakdown spectroscopy
to derive the properties of these concrete fractions. Laser
induced breakdown spectroscopy to analyze concrete waste is
known from the article “Single-shot LIBS spectral quality for
waste particles in open air” by Han Xia and Maarten C.M.
RBakker, Technisches Messen 2015; 82(12): 606-615. Laser in-
duced breakdown spectroscopy 1s able to deliver many thousands
of chemometric point analyses to characterize the respective
fractions of the demolished concrete to comprise at least one
of the group comprising concentration of pollutants, chemical
composition, dry binder/cement paste material.

It is preferred that the laser induced breakdown
spectroscopy provides the properties of the concrete fractions
at a rate of approximately 30 - 100 analyses per second and
that several thousands of these analyses are combined into a
an average/standard deviation that is used for documenting the
analyzed fraction of the recycled product.

The invention is also embodied in a system for imple-
menting the method according to the invention, which system
comprises a plurality of information carriers that are indi-
vidualized by a unique identifier provided on each concerning

information carrier, wherein the system further comprises a
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database with a plurality of entries, each entry corresponding
to one identifier of an information carrier intended to be em-
bedded in a fraction of democlished concrete, and the system
further comprising at least one laser induced breakdown spec-
troscopy facility that is connected to the database for feed-
ing the database with information characteristic for respec-
tive fractions of demolished concrete, such that each entry in
the database that is identified with an identifier of an in-
formation carrier is equipped to hold information regarding
such fraction of demolished concrete that is identified with
the information carrier that is embedded in said fraction of
demolished concrete.

Preferably the database of the system is accessible
by a trading platform for the demolished concrete that is ac-
cording to the invention converted into a readily recyclable
product. The trading platform can provide users access to the
information in the database that characterizes the recycled
product to enable such users to assess whether the product is
usable for their intended purpcses.

The invention will hereinafter be further elucidated
with reference to the drawing of an exemplary embodiment of a
system and method according to the invention that is not lim-
iting as to the appended claims. In the drawing of figure 1
the method and system according to the invention are repre-
sented by a schematic representation.

With reference 1 the step of demolishing concrete is
represented. Following this demclition step reference 2 re-
lates to the step of crushing of the concrete into coarse and
fine fractions.

Immediately or shortly after the demolition step 1,
preferably after crushing in step 2, the properties of the re-
spective fractions of the concrete are established in step 3.
For this purpose preferably use is made of a laser induced
breakdown spectroscopy device 9 which is connected to a data-
base 8 that can receive from said device 9 the information
pertaining to the fractions of the demolished and crushed con-
crete. This information preferably relates to concentration of
pollutants, chemical composition, dry binder/cement paste ma-

terial.
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At the same time that the laser induced breakdown
spectroscopy device 9 provides its informaticon to the database
8 pertaining to the fraction of the concrete being measured,
one of a plurality of information carriers 7 1s being embedded
in the fraction that Jjust is being measured by the laser in-
duced breakdown spectroscopy device 9. This information carri-
er 7 is unigquely identified with an identifier which is also
provided in the database 8, such that the identifier of such
information carrier 7 corresponds to a particular entry in the
database 8. Accordingly said entry of the database 8 thus can
correspond to the information that is being provided to the
database 8 by the laser induced breakdown spectroscopy device
9. The fraction of the product in which the information carri-
er 7 is embedded i1s thus characterized by the information pro-
vided to the database 8, and this information can at all times
be retrieved using this particular identifier that is provided
on the information carrier 7 which is embedded in the recycled
product. In the database 8 the identifier will thus specifi-
cally refer to information, such as quality, properties of the
demolished concrete, manner of demolishing, original applica-
tion and location of the demclished concrete, manner of trans-
portation, owner of the original building etc, all pertaining
to the fraction of the recycled product in which the infor-
mation carrier 7 with the concerning identifier is embedded.

The figure further shows that the database 8 is ac-
cessible by a trading platform 10 for the demclished concrete.

The following table is an example of the parame-
ters/properties that can be included in the database for any

type of recycled product that has been examined.



n

10

15

20

25

Property Measuring ablity Acceptable Measured | Standards
of system range value

Particle size distribution o o X EN 933-1

Particle shape -flakiness index 0-50% < 35% X EN 933-3

Resistance to freezing and thawing 0-10% <4 X EN 1367-1

Resistance to fragmentation 0-50% 20-40% X EN 1097-2

{Los Angeles abrasion test)

Particle density 0-5.1 2.1-2.4 X EN 1097-6

Water absorption 0-15% 3.7%-8.7% X EN 1097-7

Content of fine particles 63 um 0-10% <1.5% X EN 933-1

Resistance to abrasion 0-50% 13%-20% X EN 1097-1

{Micro Deval)

Floating material (wood, plastics, 0-10% <0.5% X EN 933-11

foam)

Chlorides content 0-1% <0.01% X EN 1744-5

Sulphates 0-10% <0.8% X EN 1744-1

Although the invention has been discussed in the

foregoing with reference to an exemplary embodiment of the

method and system of the invention, the invention is not re-

stricted to this particular embodiment which can be varied in

many ways without departing from the invention. The discussed
exemplary embodiment shall therefore not be used to construe
the appended claims strictly in accordance therewith. On the
contrary the embodiment is merely intended to explain the
wording of the appended claims without intent to limit the
claims to this exemplary embodiment. The scope of protection
of the invention shall therefore be construed in accordance
with the appended claims only, wherein a possible ambiguity in
the wording of the claims shall be resolved using this exem-
plary embodiment.

Aspects of the invention are itemized in the follow-
ing section.

1. Method to convert demolished concrete into a readily re-
cyclable product which is capable to reliably replace
virgin feedstock that is used for manufacturing concrete,

is added

characterized in that the plurality

wherein a plurality of information carriers (7)
(5) to said product,
of information carriers (7) are added immediately or
shortly after demclishing the concrete, and the infor-

mation carriers (7) are regularly distributed into said
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product by securing that each separate fraction of the
product will hold a dedicated information carrier (7),
wherein each such dedicated information carrier is ar-
ranged to refer to information that is characteristic for
the fraction of the product in which the dedicated infor-
mation carrier is contained.

Method according to claim 1, characterized in that the
dedicated information carriers are provided in the form
of RFID tags.

Method according to claim 1 or 2, characterized in that
each fraction of the product is provided to weigh approx-
imately 1 ton.

Method according to any one of the previous claims 1 - 3,
characterized in that each information carrier is unique-
ly identified with an identifier such that the identifier
of such information carrier corresponds tTo an entry in a
database (8), wherein said entry holds the information
that characterizes the fraction of the product in which
the information carrier (7) is contained.

Method according to claim 4, characterized in that con-
verting the demolished concrete into the readily recycla-
ble product comprises analyzing (3) properties of the de-
molished concrete and feeding the database (8) with the
established properties.

Method according to claim 5, characterized in that ana-
lyzing (3} the properties of the demolished concrete is
done in line and based on real time measurements during
conversion of the demolished concrete into the readily
recyclable product.

Method according to any one of claims 1 - 6, character-
ized in that converting the demolished concrete intoe the
readily recyclable product comprises crushing (2) of the
demolished concrete into coarse and fine fractions.
Method according to any one of c¢laims 5 — 7, character-
ized in that analyzing (3) the properties of the demol-
ished concrete comprises monitoring a stream of concrete
fractions by laser induced breakdown spectroscopy to de-

rive the properties of the concrete fractions.
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13.

Method according to claim 8, characterized in that said
properties of the respective fractions of the demolished
concrete comprise at least one of the group comprising
concentration of pollutants, chemical composition, dry
binder/cement paste material.

Method according to claim 8 or 9, characterized in that
the laser induced breakdown spectroscopy provides the
identifier properties of the concrete fractions at a rate
of approximately 30 - 100 analysis per second.

System for implementing the method according to any one
of claims 1 - 10, wherein the system comprises a plurali-
ty of information carriers (7), characterized in that the
information carriers (7) are individualized by a unique
identifier provided on a concerning information carrier
(7), wherein the system further comprises a database (8)
with a plurality of entries, each entry corresponding to
one identifier of an information carrier (7), and the
system further comprising a laser induced breakdown spec-
troscopy facility (9) that is connected to the database
(8) for feeding the database with information character-
istic for fractions of demolished concrete, such that
each entry in the database (8) that is identified with an
identifier of an information carrier (7) is equipped to
heold information regarding such fraction of demolished
concrete that is identified with said information carrier
(7) that is provided in said fraction of demolished con-
crete.

System according to c¢laim 11, characterized in that the
database (8) is accessible by a trading platform (10) for
the demolished concrete that is converted into a readily
recyclable product.

System according to claim 11 or 12, characterized in that
the information carriers (7) have an outer shell made

from a ceramic material.



10

15

20

25

30

10

CONCLUSTIES

1. Werkwijze voor het omzetten van afgebroken bheton
in een direct herinzetbaar product welke in staat is om be-
trouwbaar niet-verwerkte grondstoffen te vervangen welke ge-
bruikt worden voor het vervaardigen van beton, waarbi]j een
meertal informatiedragers (7) toegevoegd (5) wordt aan genoemd
product, met het kenmerk dat het meertal informatiedragers (7)
onmiddellijk of kort na het afbreken van het beton wordt toe-
gevoegd, en de informatiedragers (7) regelmatig verdeeld in
genoemd product worden aangebracht door zeker te stellen dat
iedere aparte fractie wvan het product een daarop gerichte in-
formatiedrager (7) houdt, waarbij ieder wvan dergelijke afge-
stemde informatiedragers is ingericht om te verwijzen naar in-
formatie die kenmerkend is voor de fractie wvan het product
waarin de afgestemde informatiedrager is opgencmen.

2. Werkwijze volgens conclusie 1, met het kenmerk dat
de afgestemde informatiedragers voorzien zijn in de vorm van
RFID tags.

3. Werkwijze volgens conclusie 1 of 2, met het ken-
merk dat iedere fractie van het product voorzien is om onge-
veer 1 ton te wegen.

4., Werkwijze volgens één der voorgaande conclusies 1
- 3, met het kenmerk dat iedere informatiedrager uniek geiden-
tificeerd is met een identificator zodanig dat de identifica-
tor van iedere informatiedrager correspondeert met een ingang
in een database (8), waarbij genoemde ingang de informatie
houdt die kenmerkend is voor de fractie wvan het product waarin
de informatiedrager (7) is opgenomen.

5. Werkwijze volgens conclusie 4, met het kenmerk dat
het omzetten wvan het afgebroken beton in het direct inzetbare
product omvat het analyseren (3) van eigenschappen van het af-
gebroken beton en het voeden van de database (8) met de vast-
gestelde eigenschappen.

6. Werkwijze volgens conclusie 5, met het kenmerk dat
het analyseren (3) van de eigenschappen van het afgebroken be-
ton in de lijn plaatsvindt en gebaseerd is op realtime-
metingen tijdens het omzetten van het afgebroken beton in het

direct inzetbare product.
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7. Werkwijze volgens één der conclusies 1 - 6, met
het kenmerk dat het omzetten van het afgebroken beton in het
direct inzetbare product omvat het vermorzelen (2) van het af-
gebroken beton in grove en fijne fracties.

8. Werkwijze volgens één der conclusies 5 — 7, met
het kenmerk dat het analyseren (3) van de eigenschappen van
het afgebroken beton omvat het monitoren van een stroom van
betonfracties met laser geinduceerde uitsplitsingspectroscopie
voor het bepalen van de eigenschappen van de betonfracties.

9. Werkwijze volgens conclusie 8, met het kenmerk dat
genoemde eigenschappen van de respectievelijke fracties van
het afgebroken beton omvat ten minste één uit de groep omvat-
tende concentratie van verontreinigingen, chemische samenstel-
ling, droge binder/cement pastamateriaal.

10. Werkwijze volgens conclusie 8 of 9, met het ken-
merk dat de laser geinduceerde uitsplitsingspectroscopie de
eigenschappen van de betonfracties verschaft met een snelheid
van ongeveer 30 - 100 analyses per seconde.

11. Systeem voor het uitvoeren van de werkwijze vol-
gens één der conclusies 1 - 10, waarbij het systeem omvat een
meertal informatiedragers (7), met het kenmerk dat de informa-
tiedragers (7) geindividualiseerd zijn met een unieke identi-
ficator veoorzien op een deshetreffende informatiedrager (7)),
waarbij het systeem verder omvat een database (8) met een
meertal ingangen, waarbij iedere ingang correspondeert met één
identificator van een informatiedrager (7), en het systeem
verder omvat een laser geinduceerde uitsplitsingspectroscopie-
faciliteit (9) die verbonden is met de database (8) voor het
voeden van de database met informatie die kenmerkend is voor
fracties van het afgebroken beton, zodanig dat iedere ingang
in de database (8) die geidentificeerd is met een identifica-
tor van een informatiedrager (7) uitgerust is om informatie te
houden betreffende een dergelijke fractie van afgebroken beton
die gelidentificeerd is met genoemde informatiedrager (7) die
voorzien is in gencemde fractie van afgebroken beton.

12. Systeem volgens conclusie 11, met het kenmerk dat
de database (8) toegankelijk is voor een handelsplatform (10)
voor het afgebroken beton dat omgezet is in een direct inzet-

baar product.
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13. Systeem volgens conclusie 11 of 12, met het ken-
merk dat de informatiedragers (7) een buitenschaal bezitten

gemaakt uit keramisch materiaal.
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Box No.| Basis of this opinion

. This opinion has been established on the basis of the latest set of claims filed before the start of the search.

. With regard to any nucleotide and/or amino acid sequence disclosed in the application and necessary to the
claimed invention, this opinion has been established on the basis of:

a. type of material:
O asequence listing
L1 table(s) related to the sequence listing
b. format of material:
O on paper
O in electronic form
c. time of filingfurnishing:
L1 contained in the application as filed.
O filed together with the application in electronic form.

1 furnished subsequently for the purposes of search.

. O In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto
has been filed or furnished, the required statements that the information in the subsequent or additional
copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.

. Additional comments:

Box No.V Reasoned statement with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

. Statement
Novelty Yes: Claims 1-13
No: Claims
Inventive step Yes: Claims
No: Claims 1-13
Industrial applicability Yes: Claims 1-13

No: Claims

. Citations and explanations

see separate sheet
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Box No. VIl Certain defects in the application

see separate sheet
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Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Reference is made to the following documents:

D1 US 2011/000402 A1 (GRASSO JR LOUIS P [US]) 6 januari
2011 (2011-01-06)

D2 DE 10 2015 122818 A1 (HYDRO ALUMINIUM ROLLED PROD
[DE]) 29 juni 2017 (2017-06-29)

1 The present application does not meet the criteria of patentability, because
the subject-matter of claim 1 is not new and claim 11 is not inventive.

2 Document D1 (see figures and par. [0027]-[0037], [0046]-[0049]) discloses a
method and a system for handling and tracking recyclable products such as
post-consumer concrete (PCC). It describes their handling for reuse in an end
product. In particular, it discloses (see par. 46-49 fig.2, 3 and 4a) tagging the
PCC at the demolishing site for subsequent use with a plurality of information
carriers (see fig. 4a) associated to the specific fraction of product.

The subject-matter of claim 1 is therefore not new.

3 Claim 11 essentially differs from document D1, which is considered to be the
prior art closest to the subject-matter of claim 11, in the following feature:

F1: the system further comprising a laser induced breakdown spectroscopy
facility connected to the database for feeding the database with information
characteristic for fractions of demolished concrete.

No unexpected technical effect seems to be associated with this
distinguishing feature F1. The claim is not inventive because carrying out
analysis of the fractions by laser induced breakdown spectroscopy is known
in the available prior art, see for example in Document D2, belonging to the
same technical field, par. 12-28 and 52-70.

Therefore in absence of unexpected effects combining the teaching of the two
documents would be obvious to the person skilled in the art.
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4 Dependent claims 2-10, 12 and 13 do not appear to contain any additional
features which, in combination with the features of any claim to which they
refer, meet the requirements of novelty and/or inventive step for the following
reasons:

5 The subject-matter of dependent claims 2, 4 and 7 are not new over D1 (see
in D1 par. 36, 43-46 fig. 3 and 4a).

6 The subject-matter of dependent claims 3, 5, 6, 8-10 are not inventive since
they refer to simple embodiments (claims 5, 6, 12) without providing an
essential technical effect or they refer to results of simple optimization
process (claims 3, 13) or they are suggested by the further cited documents
(see eg. in D2 par. 23 for cl. 8-10).

Re Item Vi
Certain defects in the application

7 The relevant background art disclosed in D1 is not mentioned in the
description, nor are these documents identified therein.
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