G

GYPSUMTO GYPSUM

GTOG: From production to recycling: a circular
economy for the European gypsum Industry with the
demolition and recycling Industry

GYPSUM TO GYPSUM

EUROPEAN HANDBOOK ON BEST PRACTICES IN
DECONSTRUCTION TECHNIQUES

Start date of the project: 2013/01/01
Duration: 36 months

LIFE PROGRAMME: LIFE11 ENV/BE/001039

GtoG project - DB1: European handbook on best practices in deconstruction techniques



(G-

GYPSUMTO GYPSUM
DB1: European handbook on best practices for
controlled deconstruction of drywall systems in
Identifier: demolition/refurbishment sites as a basis for a

Date:

Class:

Responsible partner:

Distribution:

Title:

Number of the associated action:

new European standard on deconstruction of
lightweight systems

Bl

March 2015

Deliverable

Recovering

PU: public

European handbook on best practices in
deconstruction techniques

GtoG project - DB1: European handbook on best practices in deconstruction techniques




GYPSUMTO GYPSUM

Contact Information

Lead Contact

Eurogypsum - Christine Marlet

Phone Number

+3222271130

Email

info@eurogypsum.org

Document Contact

Recovering — Silvia Nougarol

Deliverable

DB1: European handbook on best practices for controlled deconstruction of drywall
systems in demolition/refurbishment sites as a basis for a new European standard
on deconstruction of lightweight systems

Phone Number

+336126717 38

Email

snougarol@recovering.fr

Participants

Recovering, Occamat, UPM

GtoG Project Management Bureau

Name Title Phone Email
Christine Marlet Project Director +3222271130 info@eurogypsum.org
Luigi Della Sala Project Manager | +3222271162 project@eurogypsum.org
Thierry Pichon ERMC Thierry.Pichon@siniat.com
Chair/President
of the GtoG SC

GtoG project — DB1: European handbook on best practices in deconstruction techniques



mailto:info@eurogypsum.org
mailto:snougarol@recovering.fr
mailto:snougarol@recovering.fr
mailto:info@eurogypsum.org
mailto:project@eurogypsum.org
mailto:Thierry.Pichon@siniat.com

GYPSUMTO GYPSUM

Document history

Version Date Author(s)

Burgy Jean-Yves, Croizer Gwénaélle, De Guzman Ana, Garcia
00 02/03/2015 Navarro Justo, Jimenez Ana, Nougarol Silvia, Rodriguez Quijano
Marta — Draft 1

01 31/03/2015 Burgy Jean-Yves, Croizer Gwénaélle, De Guzman Ana, Garcia
Navarro Justo, Jimenez Ana, Nougarol Silvia, Rodriguez Quijano
Marta, from the comments made by the Steering Committee

GtoG project — DB1: European handbook on best practices in deconstruction techniques



GYPSUMTO GYPSUM

Table of contents

LiSt Of FigUres.....iiinninssmsssnsssssssssnssssssssssssssssssssssssssssssssssssssssssssssss 3
200 a0 ) o o
1. State of the art of the recyclable and non-recyclable gypsum-
based SYStemS ... ————————————————_——O

1.1. DESCRIPTION OF THE SYSTEMS ..cvussusssssssssssssmssssssssssssssssssssssssssssssssssssassssssssassssssnsasassnnnsanass 8
1.2. ACCEPTANCE CRITERIA FOR GYPSUM-BASED WASTE IN THE COUNTRIES UNDER STUDY:
BELGIUM, FRANCE, GERMANY AND THE UNITED KINGDOM.....cooummsssmssmssssssssssssssssssssssssssassssssnsans 16
D () Ry ATl 0l L =) L 16
Impurities in the gypsum-based waste and their effects on recycling 16
2. Technical and economic aspects of recyclable gypsum-based
Systems deCONSIUCHION......ccccicimssms s 21
2.1. BEST DECONSTRUCTION PRACTICES TO ENSURE THE VALORISATION OF THE MATERIALS
CONSTITUTING THE GYPSUM-BASED SYSTEMS ...cuiceisesmnmsmunmnssnssmsssnsssnssnssnsssnssnnssnssnnssnssnnsnnsnnssnnsnnnss 21
2.1.1.  Tools and machines generally used to deconstruct gypsum-based systems............ 21
2.1.2.  Description of the most appropriate deconstruction techniques according to the
BYPSUIM-DASEA SYSTEITIS ...uveureereureerereeseeseessesseessessees s ssssssesseesses s s ssssse s s s sessse s sssesssssessessssasessnsses 22
2.1.2.1.  Deconstruction techniques for plaster blocks partition .23
2.1.2.2.  Deconstruction techniques for systems glued on a wall w24
2.1.2.3.  Deconstruction techniques for system fixed to a framework. 24
2.1.2.4.  Deconstruction techniques for systems arranged with a cChannel..............crorrcrinsserns 29
2.1.2.5.  Deconstruction techniques for system for ceiling attached with ceiling hangers.................. 30
2.2. ECONOMICS OF DECONSTRUCTION wuvvussssssssssssssssssssssssssssssssssssssssssnsassssssnsassssssnsassssnsnsassnns
2.2.1.  Methodology to analyse the costs of deconstruction
2.2.2.  Presentation of the 5 jODSItes tEStEd......coeeneeneeenneenneiseeseetsseesees s sesessssssssesssesssssssseees
2.2.3.  Economics data coming from the pilot Projects....... e
2.2.4. The variable data and HMILS ... sssssssssssssssssssanes
3. Recommendations for an improvement of recyclability ............... 42
3.1. RECOMMENDATIONS LINKED TO ECO-DESIGN AND CONSTRUCTION OF THE GYPSUM-
BASED SYSTEMS AND MATERIALS 1uccususasssssssssssssssssssssssssssssssssnsassssssssssssssssssssssssssassssssssassssssnsasssssanass 42
3.1.1. Recommendations towards the ManufaCturers..... s 42
3.1.2. Recommendations towards the project owner and project manager for the
CONSTIUCTION PRASE...ucuueurereieriteesseeset e s st st sees s s s b R bbb bt 42
3.1.3. Recommendations towards the construction COMPaNies........eereeereeeseesseesseessseesseens 43
3.2. RECOMMENDATIONS LINKED TO THE DECONSTRUCTION OF THE GYPSUM-BASED
SYSTEMS AND TO THE GYPSUM-BASED WASTE MANAGEMENT UNTIL THEIR FINAL OUTLET .....c.u.. 44
3.2.1. Recommendations towards the project owner for the deconstruction phase......... 44
3.2.2.  Recommendations towards demolition COMPANIES .......cveeereermeemeemreerseerseemsesssessseesssessseens 44
3.2.3.  Recommendations towards transfer stations and waste sorting companies........... 44
72 S 00 4 U 110 (0] 4 1 45
Appendix: detailed sheets of the economic approach of deconstruction
versus demolition........ininsssssssssssss s snssnss 46
Tab “Description and SUMIMATY ........coeeeeereeseseessessesssesssessssssessssssesssssssssssssesssessssssesssssssssssssssssssssanes 46

GtoG project — DB1: European handbook on best practices in deconstruction techniques



GYPSUMTO GYPSUM

Tab “Dismantling costs Partition 17.......eeeneneesseessessssesesssssssessssssssssssesssesssessssssssssssesseees 47
Tab “Demolition COSES PATtitiON 17 .. iiereeeeecssssssssssssesessssssssssssssssssssssessssssssssssssssssssssssssssssssssssss 48
Tab “Waste Streams ANd COSES” .. ssssssssssss st ss s sssssssssessssssssssssssssssssssssssasassssssssases 49

GtoG project — DB1: European handbook on best practices in deconstruction techniques



GYPSUMTO GYPSUM

List of Figures

FIGURE 1: EXAMPLES OF PLASTERBOARD SYSTEMS WITH FREQUENT IMPURITIES: PLASTERBOARD
BONDED TO INSULATOR (LEFT), FIBERGLASS COATING (MIDDLE), PLASTERBOARD BONDED TO

VAPOUR BARRIER (RIGHT) — SOURCE: SINIAT FRANCE SPECIFICATIONS ...csussssssssssssssssssssssssassnnasss 17
FIGURE 2: EXAMPLE OF LARGE METAL PIECES THAT CAN BE FOUND MIXED WITH GYPSUM WASTE -
SOURCE: CANTILLON JOBSITE, CHILTERN ST, LONDON UK ...coiiciiimrieriersessesssessssssssssssssssssssnnnsns 17
FIGURE 3: AUTOCLAVED AERATED CONCRETE (AAC) BLOCKS - SOURCE: EUROPEAN
AUTOCLAVED AERATED CONCRETE ASSOCIATION .ueusssssrsassssssassssssassassssssasssssssssnssssssnssssssassnsssnssasass 18
FIGURE 4: GYPSUM-BASED WASTE ACCEPTANC CRITERIA PER COUNTRY .uvoussnssnssssssssssassassassnssessns 19
FIGURES 5 TO 11: MANUAL TOOLS GENERALLY USED TO DECONSTRUCT GYPSUM-BASED SYSTEMS.
22

TOOLS USED FROM THE FIGURE 5 TO THE FIGURE 11: SHOVEL, CROWBAR, CHISELS, AUTOMATIC
SCREWDRIVER, SABER SAW, SLEDGEHAMMER, PICKAXE - SOURCES (IN THE ORDER OF THE
FIGURES): PINAULT&GAPAIX (FRANCE), CANTILLON (UK), KS ENGINEERING (GERMANY),
PINAULT&GAPAIX (FRANCE), RECOVERING SARL (FRANCE), OccAMAT (FRANCE),

PINAULT&GAPAIX (FRANCE) iutsssussssusssssssnssssssssssssssssssssssssnssssssssssssssssssssssssassnssssssasssssssssasssssssnsssses 22
FIGURES 12 AND 13: MECHANICAL DECONSTRUCTION OF PLASTERBOARDS — SOURCE: RECYCLING
ASSISTANCE (BELGIUM) 1ueuuvussssssssssssssssssssssssssssssesssssssssssssssssssasssassssssssssssssssesessssssssssssssssssssssanes 22

FIGURES 14 TO 16: PLASTER BLOCKS PARTITION DECONSTRUCTION WITH A PICKAXE / PLASTER
BLOCKS PARTITION UNDER DECONSTRUCTION / PLASTER BLOCKS ON THE FLOOR AFTER
DECONSTRUCTION BY A PICKAXE AND BEFORE COLLECTION - SOURCE : PINAULT&GAPAIX

FIGURE 17 (LEFT): DECONSTRUCTION OF A BOARD MADE OF POLYSTYRENE AND PLASTERBOARD
GLUED TOGETHER ON A LOAD-BEARING WALL USING A SHOVEL TO LEVER UP THE SYSTEM FROM

THE WALL. tusutusssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssansssnsssss 24
FIGURE 18 (RIGHT): BOARD MADE OF POLYSTYRENE AND PLASTERBOARD GLUED TOGETHER
AFTER HAVING BEING UNGLUED FROM THE LOAD-BEARING WALLL. cuevsusssssssssssssssssssssssssssesssssssssesess 24
SOURCE: PINAULT&GAPAIX (FRANCE) ucuccucmmmssmsmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnns 24
FIGURE 19: TRANSVERSE VIEWS OF THE SYSTEM WITH THE METALLIC VERTICAL FRAME AND
AFTER HAVING REMOVED IT — SOURCE: OCCAMAT (FRANCE) .custtsmssssmsesssssssnsasssssssnssssnssssssssssssssnss 25
FIGURES 20 TO 28: MANUAL DECONSTRUCTION OF A DOUBLE PLASTERBOARD PARTITION WITH
MINERAL WOOL SCREWED ON METALLIC RAILS — SOURCE: PINAULT&GAPAIX (FRANCE) ..cceussnes 26

FIGURES 29 AND 30: MANUAL DECONSTRUCTION OF A SIMPLE PLASTERBOARD PARTITION WITH
WOODEN WOOL NAILED ON A WOODEN FRAMEWORK - SOURCE: KS ENGINEERING (GERMANY) 27
FIGURES 31 TO 36: DECONSTRUCTION OF A HONEYCOMB PLASTERBOARD PARTITION USING A
SABER SAW — SOURCE: RECOVERING SARL (FRANCE) ..uvcsussmssssmssssssssssssssssasssssssssssssssssssasssssssnsssses 28
FIGURES 37 TO 39: MANUAL DECONSTRUCTION OF A PLASTERBOARD SYSTEM FOR CEILING WITH
MINERAL WOOL NAILED ON A WOODEN FRAMEWORK - SOURCE: KS ENGINEERING (GERMANY) 28
FIGURES 40 TO 45: MANUAL DECONSTRUCTION OF A SIMPLE PLASTERBOARD PARTITION WITH
MINERAL WOOL ARRANGED WITH A METALLIC CHANNEL - SOURCE: OCCAMAT (FRANCE) .......... 30
FIGURE 4:6: TABLES OF THE COSTS ASSESSED WITH THE TOOL DEVELOPED IN THE SCOPE OF THE
GTOG PROJECT 1uuuutssasssssnssssssssssnssssnsssssnsssssssassnssassssssssssssnsssssss s nsssssnssssnssssnsssssnssasnssassnssssns sassnssssnssase 31
FIGURE 47: EXAMPLE OF COMMUNICATION ON OCCAMAT GTOG PILOT PROJECT IN LEVALLOIS
PERRET, FRANCE ...ccocutissmtrsssssssssssssmsssssssssssssssssssssssssssssesssssssssssssnssnsnssssans snsns snssnsessnssnsnnssssnssnsansnsannss 41

GtoG project — DB1: European handbook on best practices in deconstruction techniques



GYPSUMTO GYPSUM

FIGURES 48 AND 49: EXAMPLE OF A GYPSUM-BASED SYSTEM NON-RECYCLABLE BECAUSE OF THE
WAY IT HAS BEEN INSTALLED — SOURCE: OCCAMAT (FRANCE) .ccousussssssmssssssssssssssssssssssssnsssssassssnses 43

GtoG project — DB1: European handbook on best practices in deconstruction techniques


file:///C:/Users/Silvia/Desktop/RECOVERING/Projet%20GtoG%20Life/Projet%20%202012/Actions/B/Deliverables/vf%202015%2003%2031/DB1_version01.doc%23_Toc415643598
file:///C:/Users/Silvia/Desktop/RECOVERING/Projet%20GtoG%20Life/Projet%20%202012/Actions/B/Deliverables/vf%202015%2003%2031/DB1_version01.doc%23_Toc415643598

G:

GYPSUMTO GYPSUM

Foreword

The European Gypsum Industry has undergone a major transformation over the last 20-30
years, having being the gypsum pasteboard systems increasingly used, and consequently a
deconstruction forthcoming issue.

The present European handbook aims to promote the implementation of best practices for a
controlled deconstruction process of such gypsum-based systems, which might ease recovery.

The document is organized as follows:

- The most common gypsum-based systems that can be encountered on a deconstruction
project are described; along with the waste acceptance criteria of the recyclers that are
partners of the GtoG project are detailed. The compliance with these criteria ensures that
the gypsum-based waste can be used without compromising the quality of the recycled

gypsum.

- Although a gypsum-based material may be recyclable according to the recyclers’
specifications, it has to be properly deconstructed and separated from the other
materials that constitute the gypsum-based system so as to allow its recycling. Best
deconstruction techniques to be applied to the different GtoG gypsum-based systems are
described in this sense. These provisions are a result of the project’s evaluation,
describing the deconstruction methods that would be most suitable for each particular
case, and including their relevant advantages and disadvantages.

- In the choice of deconstruction techniques versus demolition of the systems, the total cost
of the two options is a decisive parameter. Deconstruction versus demolition costs are
therefore compared for a particular case.

- Finally, not only the demolition companies play a key role in allowing gypsum-based
materials to be recovered but also plasterboard manufacturers, project owner, project
managers, waste transfer station and construction companies have a key role to improve
the gypsum-based system recyclability. Design, installation, deconstruction practices are
essential when closing the recycling loop.

Therefore, some recommendations for the improvement of the recyclability process are
given towards these different players.

GtoG project — DB1: European handbook on best practices in deconstruction techniques
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1. State of the art of the recyclable and non-recyclable
gypsum-based systems

1.1. DESCRIPTION OF THE SYSTEMS

This section is based on the information obtained during the GtoG deconstruction projects, in
addition to the analysis of different resources and literature on current standards. It should be
noted that it doesn’t cover all possible configurations of systems in all possible construction
works, as it is exclusively limited to the cases under study. However, the most common systems
that can be found today on a deconstruction jobsite, in the countries covered by the scope of the
GtoG project, are covered.

The information is presented in datasheets, organised as follows:

Figure 1. Gypsum systems datasheets

“A"! OF me *Jl AL PLABTEAIDOARD WITHOUT THMALLA YIOMN mw't "u"’cn

SYSTEM e e Brown: Bearng wall
D S e ey D 19 © Blue: Partition

DESCRIPTION ) Green: Celling

Definlian and use ivis— Pink: foaring

| —— e - i
P — Pt e |

|~'~~I._
[ ELEMENTS
T — v
e et o e Graphic
- - it ¢
e Znas represencation of
= - Deder = the most important
Interesting facte ‘f:* T e S e Ty T P P elements that are
T s part of the system
5 g e fopaan oy
- U

CONSTRUCTION =~

SYSTEM/OTHER )

EXAMPLES : o - rel ¢ -~

Construction AU C4EmLOCATION
methadology or g A Where tha system

ralated eyamples. e A ° - has been found

All system descriptions contain a general explanatory note about their major components, basic
construction details, location under the project scope, as well as cross-section details in some
cases.

The systems are assigned a type number and a colour code according to three major categories,
casing of: bearing walls, partitioning and ceiling as described in the catalogue (DB2_Database).
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THERMAL LAMINATED PLASTERBOARD

i DESCRIPTION 1
¢ This piasterboard system consists of plasterboard bonded tc a vanaty of different typas and thicknesses !
+ of insulation, in order to provide a tharmal and sound Upgrade. :
3 It = suitabie for Lge upon Baaring walls or Intemal linng. 5
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-------------------------------------------------------- bbb idbdddo ittt td et d s ALALIIEILSELLIL LN S ]

CMSTRUCTION SYSTEM SYSTEH ELEMENTS i
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: i e, flance
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- :: LOCATION '
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PLASTERBOARD WITH INSULATION B E 4 o =200 I 4 34 ~5¢ B B 4 o =)

! DESCRIPTION AND USE :
; A metal or wooden stud partition infillesf wirth minaral wodl, or cther insilation materials, feced each or :
3 Jusk ane side with doulie standard plasterboard. :
tt Is sultable for nrnbor\s. upon baarino waus and ueod as 3 thermal lnsulwon system, :
g SYSTEM ELEMENTS g
g o COMMON SYSTEM ELENENTS: This partition receives
: L INSULATION: In its cavity mineral :
: O Glass wool, rock weol or other woal to Increase :
: insulation thermal comrort, :
PLASTERBOARD: C
: Glass wool, rock wool of other
: insulation :
3 FRAME: :
: Metal or wocden frame can be :
feund. , :

Plastarboard |s screw, fixed or :

nailed to the fMrame, :

I3 :
TYPE 3 Plastarboard systam with a nor-accessible face v
Source: Shiat France :

: Standard plastersoard :

: Dual laver of standard board
: Mamalic uprights/channel TYPE 2- Waodas bearing framework 3

1
b
k|
4: Metalic frame Souwrce! GtoG Alat Aroject in
s
3

: Metalic uarights Graben, Germany, :
- Mlml wad nsdation :

R0 (e iz i Senaivselarriadnta 18
: OTHER EXAMPLES : :

i Source: GioG Plee Profecr inUm, | & y :
: Germany, H . Type 7 can be dso fwnd m ulm :
: g 3 and the UK. g
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PLASTER PARTITION BLOCKS TYPE 4

o:scunm ~

i Gypsum gartiticn Bocks are pra-malded plaster pacallaiepineds with siab to slab joints ard diffarant :

I thickness. ;

i They are normaly used for inner lightweight partition e fire-retarcant or to improve acoustic insuletion,

:ane their surface is sultable for akl kind of finish, :
.............................................................. coumucnonsvsnn e O T

3 Gypsum blocks are assembled matching the |

i peaces togather, }

EE An adhesive = uzed az bonding agent.
i They can be coversd with a coat of finish

Sowce: G Al Project in
Paris, France.

S R CEEE eI ......................................................:g 2 Thssmm mbe
The ues of gypsum partition blacks allows to reduce found in Beigium and
the ime and matenal expenditures compared to the  : Germany.

use of traditional materials (oricks, cellular cancrete
blocks]. Mareover, blacks are fully recyclable

----------------------------------------------------------------

M.TERMTIVE CONSTRUCTION SYS'I'EHS

: inner lining Column protector i
: . GtoG Projpect dires

. Clals Refuren o Do onatnaction Sll-é

----------------------------------------------------------------------------------------------------------------------------
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DOUBLE PLASTERBOARD WITHOUT INSULATION TYPE 5
ogumm..
¢ A metal o timbar stud partition faced sach side with double standard plastarboard :
¢ It is suitable for creating mtemal dividng walls and usad where a highest Hre and acoustx performance |s
¢ required, :

| 1| Symmstrzal System:

Same performance
througs the wall n Doth
dirscticas,

1 Mitrd Systen:
|| Dfferoct finishing layor
parfarmances in

fource; OteC M Mofect e dfferest rooms,
Ffrance Source: Gu'cuvzmm catalogue, SIAT,

 This system enabies to use of-cuts In the intenor layers of standard board, so that minimizing the
waste ganeration during its installatian,

..,"u

a ‘Iﬁauﬁu' >
'm-m-mhm

............................................................................................................................

: CONSTRUCTION SYSTEM ' LOCATION

, , This system can also be
found In France, Germany
and the UK,

All jomts n outer Syor

taped and orted 74
I Joints on opposite faces // |
~

. —
: offset and smmma //'

L between layers Z A
$ o
3 / | .:,\‘;:/

: >
!
& ot
.

© Gtos Project free

............................................................................................................................
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HONEYCOMB PLASTERBOARD PARTITION

........................................................................................................................

| DESCRIPTION AND USE :
¢ Grpsum plasterbosrd penels with o cefludar pagerbcard core. It s used 85 & lightweight partition: snd :
¢ mterior lining. It can be found in coerenircial bulldings and, less commonly, In residential bulldn gs, :

........................................................................................................................

{ SYSTEM ELEMENTS 3

" At present, the
HONEYCOMB INSULATING MATERIAL European Standard EN
The plastarboard itsalf is an insulating material mada from 13915:2007 specifias
cardboard, tha characteristios and
parformence of
] FRAME plasterboard panels
i s Wooden frame suppart, with & calluler
e | Generally screws are used papetboard core
=3 | a5 mechanical fixing.

> e
rovieycamd plasterboard maste. Soooe!
GroG fot Frogect v Lovidow, the UN and
RECOVEFRING SARL, France

.........................................................................................................................

...............................................................................................................

) GG Project Azes
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PLASTERBOARD TILES SUSPENDED CEILING TYPE 8

”oucmmumouu o
This suspendec celling oonﬂstsafmunsrd. m fmnu-d banur ltis ademountaﬂe ay-n me.

No furthaer finishing is usualy required. ;
Itis mostly found in offices, schodls, shopping canters, show rooms, hotels, ets,

------------------------------------------------------------------------------------------------------------------------

OTHER EXAMPLES : ISYSTEM ELEMENTS
Visible celling gnd &

3 3 ‘Az plastachoard Is just
| PLASTER TILE placed horizontally over
* *| D#Ffarant types of paper the metal frame (not

¢ | faced or non-faced board scraw-fixed or nailed),
: ;| can be part of this system, its ramoval bacomes
3 sasier and the gypsum
waste doesnt get
contaminated by other
waste fractions,

! Midden cailing grid

SFowce, GG BNt frggect o Racs, Trance

METAL FRAME / CEILING GRID
The celling gnd s used o support the tie system. It is
suspended by metal hangers, providing variabde cavity depth.

! LOCATION

" Thie system can also
be founc in Belglum
and Germany.

.
-----------------------------------------------------------------------------------------------------------------------
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PLASTERBOARD CEILING/FLOORING TYPES TYPE 10

| DESCRIPTION ' E
3 i This system consists of plasterbosrd, metal frame and hanger, timber frarme aad insulation .
$ ltis surtabls eitha for cailings or ﬁoomo systems,

0.0 AR AL AR AR L A AL Al e A L LRl A L R L Al A L A l?'tl'...lbl4i!o""."‘D.Q.QQQ’!!OOQQ.DQ.CO.DDQCQOOODQOQOQOOQ'..;
(ECHNIRICTION Ry © Y2Y  Deconstruction and on-site sagregation of the diffarent
:CEILING.! 3 waste fractions Increases the recyclability of plasterboard by

‘Under-attic ceiling avolding its contaminaticn.

COMMON SYSTEM ELEMENTS

- | METAL FRAME
-+ | Itis usualy suspended by metsl hangers or placed upen foors,
-1 | gtving vanable cayity depth.

This Is the traditional way in
which this ceiling i found in
seme EL ragions.
Pasterboard can be screw:
fxed, nailed or just
‘embedded between
plastarboards,

Diffarent types and thickness of insutation are installed in 2
continuous layar between timber josts and matal frames. Mineral
wool is the most common insulation material for this system.

A This system
can also be
found in
Belgium and
' France.

..........................................................................................................................
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1.2. ACCEPTANCE CRITERIA FOR GYPSUM-BASED WASTE IN THE COUNTRIES UNDER
STUDY: BELGIUM, FRANCE, GERMANY AND THE UNITED KINGDOM

The specifications given below have been developed by the plasterboard recyclers and
manufacturers in the GtoG project team, in consultation with other relevant stakeholders and it
has also been based on the developments from the DA1 deliverable and annexes.

The requirements defined in this section are used by recyclers when accepting gypsum-based
waste to be processed into recycled gypsum at the recycling facility. Recycling acceptance
criteria are essential for the achievement of a quality-recycled gypsum.

A certain range of impurities and moisture content, are found to be the most common issues that
might affect the gypsum-based waste and must be subjected to an acceptance assessment.
Hereunder they are explained and their effects are outlined:

Moisture content

The moisture content of the gypsum-based waste influences the separation of the paper from
the gypsum material. Additionally, presence of moisture may cause an increased use of fuel for
processing the waste or even the blockage of the machine mechanisms. If a gypsum-based waste
fraction has a particular high level of moisture, it can be mixed with a dryer fraction in order to
decrease it, and leave it storage on the plant’s tipping floor until it gets dry enough to be
processed.

Impurities in the gypsum-based waste and their effects on recycling

Gypsum waste cannot be recycled when there is a certain level of impurities (table 1), which
might be difficult to separate and can affect both the gypsum recycling process and the
subsequent quality of the recycled gypsum.

It is important to distinguish endogenous “impurities” as the manufacturer may have the
possibility to make them disappeared from the exogenous impurities such as plastic wall paper
added on the plasterboard.

Before the gypsum waste is received at the recycler’s facility, it must have been pre-sorted of
large amounts of impurities such as metal, plastic and other debris on-site. Although most of
these elements are separated at those stages, tiny parts may be found mixed with the gypsum-
based waste at the recycling facility when unloading or storage and removed by visual check.
When dry gypsum waste is loaded into recycling equipment, some recyclers implement another
quality control while it passes the sorting belt.

The most common impurities and their effects are presented below:

* Plastics, foils and insulation materials (stone/glass wool)
These materials are sorted out before they decrease the quality of the output fraction. In
particular plastics, stone and glass wool insulation materials that can contaminate the
recycled gypsum powder may end up in the paper output fraction.
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Figure 1: examples of plasterboard systems with frequent impurities: plasterboard bonded to
insulator (left), fiberglass coating (middle), plasterboard bonded to vapour barrier (right) - Source:
Siniat France specifications

¢ Steel rails and bars
Although nails and other small metal parts are not

problematic, as they are easily removed during the processing by magnets, bigger metal
parts such as steel rails and bars should be avoided or sorted out prior the recycling
process as they can block the machines and cause a breakdown.

Figure 2: Example of large metal pieces that can be found mixed with gypsum waste - Source:
Cantillon jobsite, Chiltern St, London UK

* Wood

GtoG project — DB1: European handbook on best practices in deconstruction techniques
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Big pieces of wood can also be a threat to the machine and block it and should be
previously removed. However, once the gypsum-based waste is processed, smaller
wooden impurities, unnoticeable for a visual check, might end up in the paper fraction.

Other impurities:

¢ AAC Autoclave Aerated Concrete
Autoclave aerated concrete (AAC) and gypsum-based waste are often perceived as the
same waste fraction and, therefore, commonly collected together by accident. As part of
the collecting and pre-sorting it has to be made sure that AAC is not present in the
gypsum-based waste fraction as a mix of the two is not accepted in gypsum recycling

facilities.
‘ Z :
.

&)

Figure 3: Autoclaved Aerated Concrete (AAC) blocks - Source: European autoclaved aerated concrete
association

* Anhydrite
Calcium Sulfate Anhydrite (CaSO4) can mostly be found in some blocks or moulds. Unlike
gypsum (CaS042H;0), calcium sulfate has no crystal water and cannot be turned into an
active material that can be calcined, meaning that this material should be avoided in
order to keep a high quality of the recycled gypsum powder.

The following table (Table 1) provides an overview of the acceptance criteria specified by the
recyclers in the project team, divided by country.

ACCEPTANCE CRITERIA PER COUNTRY (only
valid with the recyclers participating in the FR BE UK DE
GtoG project and their area of coverage)

o)
Not limited <10% in
weight

2% 2-3%

v v v
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PRODUCTS  cejling plaster tiles*

Glass reinforced gypsum (GRG)
products

Moulds / cove

After

Moulds used in foundry*
approval

Plaster powder

Plaster block
Honeycomb plasterboard

Plasterboard bonded to
expanded polystyrene(EPS) ,
glass or rock wool, polyurethane
(PU) **

FINISHING Wallpaper

Glass fibre wallpaper and vynil
lining

Lead based paint

Autoclaved aerated concrete
(AAC)

Hazardous materials, e.g.
Asbestos

Fibreboard*

Hardened boards (e.g. Rigidur®,
Ladura®)

Cement bound boards* (e.g.
Promatec®)

*In these cases gypsum waste isn "t accepted by SINIAT FR.
**Pplasterboard can be recycled when it is separated from the insulation. Nevertheless
the recyclers involved in the GtoG project don’t accept insulated plasterboards.

Figure 4: Gypsum-based waste acceptance criteria per country

From the table, it can be observed that there are minor differences among countries. The
maximum percentage of impurities permitted ranges between 2% and 3%, and generally there
is not a reference value set for the limit of moisture content, but for Germany, which restricts it
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up to 10% in weight. Nevertheless some recommendations to keep the loads dry are made by
some recyclers.

Gypsum blocks, gypsum boards and tiles from ceilings, floors and walls, moulds and glass
reinforced gypsum products are accepted by most of them. In the case of moulds for foundry,
gypsum is highly calcined, hence not retaining its properties and in certain countries its
recycling is submitted to approval.

Plasterboards with cement or high organic content (such as cement bound, fibreboard etc.) are
not accepted in some cases, as they are considered to reduce the quality of the recycled gypsum.
Autoclaved aerated concrete is often perceived as gypsum waste fraction on the deconstruction
site, although it is not a gypsum product, and therefore not suitable for the gypsum recycling
process.

Paint is usually not an issue, with the exception of lead based paints and vinyl lining or glass
fibre wallpapers. Hazardous waste is always forbidden in the load (e.g. asbestos).

GtoG project — DB1: European handbook on best practices in deconstruction techniques
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2. Technical and economic aspects of recyclable gypsum-
based systems deconstruction

2.1. BEST DECONSTRUCTION PRACTICES TO ENSURE THE VALORISATION OF THE
MATERIALS CONSTITUTING THE GYPSUM-BASED SYSTEMS

2.1.1.Tools and machines generally used to deconstruct gypsum-based systems

Although deconstruction techniques can slightly differ from one demolition company to another
and from one country to another, some tools and machines are commonly used for the
deconstruction of gypsum-based system.

Some tools present obvious advantages to deconstruct a given system but the use of a given tool
or another will also mainly depend on the habits of the workers.

Manual tools are used to lever up, to unscrew, to cut or to break some parts of the system so as
to separate the different materials of the gypsum-based systems. A shovel, a spade or a crow
bar can be used to separate the frame from the plasterboard. A cutting chisels can also be used
to cut and lever up the plasterboard from the frame. An automatic screwdriver can be used to
unscrew the screws from the frame and thus separate the plasterboard. To cut properly a
plasterboard partition and isolate it from the frame, a saber saw is sometimes used. To break
plaster blocks (or eventually to separate the frame from the plasterboard) a pickaxe or a
sledgehammer can be used.

The above mentioned tools are presented in the pictures below.

GtoG project — DB1: European handbook on best practices in deconstruction techniques
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Figures 5 to 11: manual tools generally used to deconstruct gypsum-based systems.

Tools used from the figure 5 to the figure 11: shovel, crowbar, chisels, automatic screwdriver, saber
saw, sledgehammer, pickaxe - Sources (in the order of the figures): Pinault&Gapaix (France),
Cantillon (UK), KS Engineering (Germany), Pinault&Gapaix (France), Recovering Sarl (France),
Occamat (France), Pinault&Gapaix (France)

Some demolishers prefer to use small machines as hydraulic machines, compact excavators
or other to deconstruct the gypsum-based systems. Some pictures that have been taken on the
Belgian reference jobsite are shown below:

Figures 12 and 13: mechanical deconstruction of plasterboards - Source: Recycling Assistance
(Belgium)

When choosing the use of machines, the floor overload must be taken into account. Plus it is not
always possible to enter in the different rooms with these machine.

2.1.2.Description of the most appropriate deconstruction techniques according
to the gypsum-based systems

To allow the recovery of the different materials that constitute the gypsum-based systems, they
must be deconstructed properly. Several techniques have been tested and identified as the most
appropriate to deconstruct the different types of systems according to the way they are arranged
or attached to the bearing framework. The advantages and disadvantages of each technique are
assessed as much as possible also that, as mentioned before, the choice also depend on the
habits of the company worker.
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2.1.2.1. Deconstruction techniques for plaster blocks partition

Three main techniques using manual tools are generally used to deconstruct plaster blocks
partitions:
* The cutting and breaking of the partition with a pickaxe. The cone point of the
pickaxe allows the cutting of the blocks when breaking it.
* The breaking of the partition with a sledgehammer.
* The cutting of the partition using a saber saw.

The use of a pickaxe allows the cutting of the blocks which facilitate their segregation and
loading. The sledgehammer does not allow the proper cutting of the blocks: it produces a lot of
small pieces that will need time to collect.

The using of a saber saw generates bigger pieces that will be collected quicker but it generates
more dust than the use of a pickaxe of a sledgehammer. Moreover, contrary to the two other
tools, the saber saw must be put up, which necessitate time.

The pictures below show a plaster blocks partition deconstruction using a pickaxe.

Figures 14 to 16: plaster blocks partition deconstruction with a pickaxe / Plaster blocks partition
under deconstruction / Plaster blocks on the floor after deconstruction by a pickaxe and before
collection - Source : Pinault&Gapaix (France)

Mechanical deconstruction does not seem to be adapted to deconstruct plaster blocks partitions.
Besides the general constraints linked to the size and the weight of this type of machine
mentioned in the previous part, this type of machine presents other constraints linked to the
type of system considered. Indeed when using a machine to deconstruct a plaster blocks
partition, a big weight will fall on the floor at one time.
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2.1.2.2. Deconstruction techniques for systems glued on a wall

Regarding systems that are glued on a wall, the techniques consist of ungluing the system from
the wall with the help of a manual tool.

A spade or a shovel or eventually a crowbar are common tools that can be used to leaver up the
plasterboard. Whichever tool used as a lever, once the system has been removed, pads of glue
are remaining on the wall (see the pictures below). They can be removed using an electric
hammer.

The pictures below illustrate the deconstruction of a sound and thermal insulator made of
plasterboard and insulating expended polystyrene glued together and glued on a load-bearing
wall, using a shovel.

"

Figure 17(left): deconstruction of a board made of polystyrene and plasterboard glued together on a
load-bearing wall using a shovel to lever up the system from the wall.
Figure 18 (right): board made of polystyrene and plasterboard glued together after having being
unglued from the load-bearing wall.
Source: Pinault&Gapaix (France)

Systems that are glued on a wall are generally made of plasterboard glued to polystyrene, glass
wool, rock wool or polyurethane. The tool chosen must not damage the system to avoid the
spreading of the insulating material on the jobsite which will necessitate more time to clean-up.
From this point of view, the use of a spade or a shovel seems to be a better option than the use of
a crowbar.

For the same reason, the use of small machine is not recommended. It would crumble the
system, tear the insulation and spread it on the jobsite.

2.1.2.3. Deconstruction techniques for system fixed to a framework

This part concerns systems that are fixed to a metallic or a wooden framework by screws or
nails. The deconstruction techniques consist to separate the plasterboards from the framework
using different tools.

When a system is attached to the framework by screws, it can be unscrewed properly using an
automatic screwdriver.

When the plasterboards are nailed on the framework, the nails can also be removed properly
using a crowbar.
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Whichever way the plasterboards are attached to the framework, another technique consists of
cutting the plasterboards using a saber saw. A shovel can also be used to split the plasterboard
along the structure. Then the plasterboard is pulled by hand. The nails or the screws remain on
the framework.

These techniques allow collection of the plasterboards in one piece which saves time on the
jobsite to segregate and load the waste and allows the optimization of the room in the skips.

The above described techniques are equivalent in terms of performance. The choice of one
technique instead of another will mainly depend of the habit of the worker and the tools
available on the jobsite.

Techniques that consist of cutting and breaking the plasterboard using a crowbar or a cutting
chisels generate more pieces of boards and can necessitate more time to collect and segregate
the plasterboards.

The technique that consists of breaking the plasterboards using a sledgehammer is not
recommended. It generates a lot of small pieces of plasterboards and damages the eventual
insulator. The different materials that constitute the system are mixed in small pieces on the
floor. It necessitates more time to segregate the different materials and increases the risk of
pollution by the other materials. Finally some plasterboard pieces can remain on the floor.

As mentioned before, mechanical deconstruction can be used taking into account the constraints
linked to the machines mentioned before. Nevertheless as put forward above it will mix the
different materials that constitute the system in small pieces on the floor and necessitate more
time to segregate and collect the waste with a risk of bad sorting quality.

Some techniques that have been presented above are illustrated below for different systems.

Deconstruction of a double plasterboard partition with glass wool screwed on a metallic
framework using an automatic screwdriver:
The technique described below concerns a double plasterboard partition with insulator screwed
on a metallic frame. The second plasterboard is glued to the first one which is screwed to the
uprights as shown on the following pictures:

1: “First plasterboard”,
screwed on the metallic
uprights

2:“Second
plasterboard”, glued on
the “first plasterboard”

3: Metallic frame

4: Glass wool

Figure 19: transverse views of the system with the metallic vertical frame and after having removed
it - Source: Occamat (France)
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The deconstruction steps are the following:

Step 1: removal of the wallpaper to clear the screws

Step 2: “second plasterboard” breaking using a pickaxe

Step 3: unscrewing of the “first plasterboard” using an automatic screwdriver
Step 4: removal of the electric wires and plastic boxes by hand

Step 5: removal of the “first plasterboard” by hand

Step 6: removal of the insulator (glass wool) by hand

Step 7: removal of the metallic frame using a pickaxe and manually. The screws remain
on the frame

Step 8: the last two plasterboards are removed entirely by hand (no breakage)

Figures 20 to 28: manual deconstruction of a double plasterboard partition with mineral wool

screwed on metallic rails - Source: Pinault&Gapaix (France)
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The above mentioned steps can apply to plasterboard partition systems made of simple or
double plasterboards with or without insulator screwed on a metallic or a wooden framework
but the deconstruction steps can slightly differ according to the presence of some materials
(wallpaper or insulator for instance) or not and in the case of simple or double plasterboard
partition. Thus in the case of simple plasterboard partition, the step 2 is not carried out.

Deconstruction of a simple plasterboard partition with mineral wool nailed on a wooden

framework using a crowbar:
The following steps concern the deconstruction of a partition system made of plasterboard and
insulator and nailed on a wooden framework:

Step 1: plasterboard cutting and breaking using a crowbar or a cutting chisel. Removal
of the plasterboard by hand

*Step 2: removal of glass wool by hand or removal of wood wool using a pickaxe or a
sledgehammer and by hand.

*Step 3: removal of the wooden framework using a pickaxe or a sledgehammer and by
hand

*Step 4: plasterboard breaking using a crowbar or a cutting chisel. Removal of
plasterboard by hand.

Figures 29 and 30: manual deconstruction of a simple plasterboard partition with wooden wool
nailed on a wooden framework - Source: KS Engineering (Germany)

Deconstruction of a honeycomb plasterboard partition nailed on a wooden framework using a
saber saw:

As mentioned before, a saber saw can be used to cut properly a plasterboard system. This
technique is illustrated below for honeycomb plasterboard:
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Figures 31 to 36: deconstruction of a honeycomb plasterboard partition using a saber saw - Source:
Recovering Sarl (France)

Deconstruction of a plasterboard system for ceiling with mineral wool nailed on a wooden
framework using a crowbar:

In the case of a system for ceiling, the following steps can be followed:
* Step 1: removal of the eventual wooden boards using a crowbar and by hand
* Step 2: removal of the plasterboards using a crowbar and by hand
* Step 3: removal of the mineral wool by hand

Figures 37 to 39: manual deconstruction of a plasterboard system for ceiling with mineral wool
nailed on a wooden framework - Source: KS Engineering (Germany)

GtoG project — DB1: European handbook on best practices in deconstruction techniques
28



GYPSUMTO GYPSUM

Remark: plasterboard systems for ceiling and flooring screwed or nailed on a metallic or a
wooden framework are rare. They could be deconstructed from top to bottom or using the same
type of technique that described above.

2.1.2.4. Deconstruction techniques for systems arranged with a channel

When a system is simply arranged with a channel, the plasterboards are not attached by nails or
screws. Thus the deconstruction technique consists of removing the channel using a manual tool
like a shovel, a screwdriver, a crowbar... and removing the different materials that constitute the
system manually. This technique allows collecting the plasterboards in one piece and to sort and
order in the skips the different materials easily.

The effectiveness of the tool used to remove the channel is equivalent from a tool to another and
will mainly depend on the habit of the worker.

The technique described below concerns plasterboard systems made of simple or double
plasterboards with or without insulator attached by a channel and a metallic framework.

The detailed steps of deconstruction of a simple plasterboard partition with mineral wool
arranged with a metallic channel are described and illustrated below. The steps can slightly
differ according to the presence of some materials or not and in the case of simple or double
plasterboard partition.

* Step 1: removal of the channel using a manual tool as a shovel (a sledgehammer is used
on the picture) and manually

* Step 2: removal of the plasterboard by hand
* Step 3: removal of the insulator by hand
* Step 4: the last plasterboard is removed entirely by hand
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Figures 40 to 45: manual deconstruction of a simple plasterboard partition with mineral wool
arranged with a metallic channel - Source: Occamat (France)

A small machine can also be used to deconstruct mechanically the partition. But it presents the
same disadvantages that listed in the part 2.1.2.3. of this document.

2.1.2.5. Deconstruction techniques for system for ceiling attached with ceiling hangers

In the case of plaster tiles systems for ceiling hanged with ceiling hangers, the usual technique
that consists in making the frame and the panels fall with a shovel must be avoided so as to
avoid the breaking of the tiles and a time-consuming loading the wastes in the skips.

As aresult, it is recommended to follow the method described below:

e Step 1: a staff member takes off the plasterboards one by one from a scaffolding or an
individual platform on castors and removes the metallic frames that are not fixed with
ceiling hangers. The staff member gives it to a staff member on the ground.

* Step 2: the metallic frames that are fixed by ceiling hangers are removed. The frames are
grouped together for a later loading.

e Step 3: once the plasterboards have been completely removed, the ceiling hangers are
unscrewed with an automatic screwdriver.

2.2. ECONOMICS OF DECONSTRUCTION

2.2.1.Methodology to analyse the costs of deconstruction

Before the beginning of the works, it is necessary to have access to decision and evaluation tools
regarding deconstruction process versus demolition process of gypsum-based systems.

The project manager or the demolition company has to decide the methodology which will be
adopted to remove the recyclable gypsum-based products from the other materials that
constitute the system so as to deliver the maximum retrieval rate.
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In order to assess the economic feasibility of deconstruction of the gypsum-based system, a
methodology has been developed to calculate a cost range or an average cost of deconstruction
per square meter and per ton for a given gypsum-based system and a given deconstruction or
demolition technique in a given country.

This tool is intended to:
* Project owners or project managers who can include it in the specifications and use it in

the decision process,

* Engineering offices and demolition companies to assess the savings using one
methodology or another, one route or another, one outlet or another.

This tool is developed in an excel file made up of 5 sheets for a given type of gypsum-based
system:

1st sheet:

| Dﬂ-."ﬁﬂullam .'-.r.r ) it s Gemramtl (it Larkble D R e il

1
Description of the jobsite and the gypsum based
sysbEm

Summary of the different costs assessed
[automatically filled):

# dismantiing option vs demaolition oplion
v Per m* and per ton

The costs assessed are summarized in the following tables:

Cost of dismantling/demolition

Cost of storage and transportation

Cost of the outlets

Total

Cost of dismantling/demolition

Cost of storage and transportation

Cost of the outlets

Total

Figure 46: tables of the costs assessed with the tool developed in the scope of the GtoG project
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2nd sheet:

- .\
Description and summary || Dismantling costs Partition 1 ; Demolition costs Partition 1 | Waste streams and costs

F——————————————————— - —— = ———————————————————————

+ Weight distribution of the type of the partition studied
=> definition of the different type of wastes generated

I |
I |
I I
I I
I |
| |
i+ Analysis of the costs related to each step of the !
i dismantling/deconstruction process : i
! » Dismantling !
! « Sorting and storage on site }
l » Loading of the skips l
I |
I |

The costs to deconstruct the partition are assessed in this file.

The technical description of the various materials the partition is made up and the way these
materials are dismantled, sorted, stored and loaded assess total costs per square meter and per
ton to deconstruct the gypsum-based system studied.

3rd sheet:

3 ‘\
Description and summary | Dismantling costs Partition 1 || Demolition costs Partition 1;| Waste streams and costs

Analysis of the costs related to each step of the
demolition process :

« Sorting and storage on site

|
|
|
» Crushing/ Collapsing i
|
|
» Loading of the skips i

|

The costs to demolish the gypsum-based system are assessed in this file.
The way the entire gypsum-based system is dismantled, sorted, stored and loaded assess total
costs per square meter and per ton for demolishing the partition studied.

4th sheet:

o ;
Description and summary |  Dismantling costs Partition 1 Demolition costs Partition 1 .\ Waste streams and costs .

» For each process (dismantling and demolition) ,
assessment of the costs of the different waste streams:

+ Costs for storage and transportation
+ Costs for treatment

The detailed tables are enclosed to this document (Appendix 2).
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2.2.2.Presentation of the 5 jobsites tested

5 pilot projects from 5 demolition companies in 4 countries have been studied in the scope of the
GtoG project so as to test the methodology presented there before.

DEMOLITION COMPANY COUNTRY

OCCAMAT France
PINAULT & GAPAIX France
KSE Engineering GmbH Germany
CANTILLON Ltd England
RECYCLING Assistance Belgium

The information about the jobsite, the gypsum based system, the methodology of deconstruction
and the gypsum wastes recycled are presented in the 5 datasheets below.
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PILOT PROJECT DESCRIPTION - 1/5

DEMOLITION COMPANY :

COUNTRY :

JOBSITE
LOCATION

TYPE OF
BUIDING

TYPE OF
GYPSUM

BASED
SYSTEM
STUDIED

REMOVAL
DESCRIPTION

GYPSUM
RECYCLING

OCCAMAT

FRANCE
Levallois Perret close to Paris

Construction: 1968

Refurbishment : during the last 10 years in
some of the floors

9 floors building <32 000 m? to deconstruct

Partition between desks made of wallpaper on
1 BA13 plasterboard fixed on metal frame with
metallic junction +glass wool+ 1BA13
plasterboard fixed on metal frame with
metallic junction and covered by wallpaper
Brand : KNAUF, SINIAT, PLACOPLATRE - Year
unknown

January 2014 to April 2014

Manual deconstruction = Sorting and
segregation of the different materials >
Storage in the floors = Removal to the ground
floor through a hopper = Loading of the skip
with a mechanical machine (bobcat)

13 x 10m3 skips of gypsum plasterboard
deconstructed transported by truck to SINIAT
Plant in Auneuil - France, 86 km far from the
jobsite

Tracking by follow-up notes

67,52 tons of gypsum plasterboard recycled
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PILOT PROJECT DESCRIPTION - 2/5

DEMOLITION COMPANY :

COUNTRY :

JOBSITE
LOCATION

TYPE OF
BUIDING

TYPE OF
GYPSUM
BASED
SYSTEM
STUDIED

PERIOD OF WORKS

REMOVAL
DESCRIPTION

GYPSUM
RECYCLING

PINAULT&GAPIAX

FRANCE
Paris, district 8

Year of construction : 1876

Big works campaign in 1955 (inside and
on the front of the building, in the
courtyard). From this date, the building
became entirely a commercial building.

3 floors building. 1 000 m? to deconstruct
Current Type of using: offices

- Plaster blocks partitions

- Insulation system made of plasterboard
and expanded polystyrene (EPS) glued
together and glue to the bearing wall

- Simple and double BA13 plasterboard
partitions screwed on a metallic
framework

- Hanging ceiling

Identified brands (branded
plasterboards): PLACOPLATRE - BA13
plasterboards from 1988 and from 1998 +
plaster tiles

June 2014

Manual deconstruction > Sorting and
segregation of the different materials >
Storage in the floors > Loading of a
wheeled trolley by hand - Loading of the
skip with a telescopic rotating forklift

1 skip of 15 m3 has been sent to the NWGR
recycling unit in Vaujours (France) - 35
Km distance from the jobsite.

Tracking by follow-up notes

9,38 tons of plaster blocks and BA13
plasterboards recycled.
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PILOT PROJECT DESCRIPTION - 3/5

DEMOLITION COMPANY :

COUNTRY :
JOB SITE
LOCATION

TYPE OF
BUILDING

TYPE OF
GYPSUM

BASED
SYSTEM
STUDIED

PERIOD OF WORKS

REMOVAL
DESCRIPTION

GYPSUM
RECYCLING

CANTILLON LTD

ENGLAND
66 Chiltern Street, London, England

2 X 12 Storey Tower Block - Concrete
and metal frame with block work and
PB partitioning, and refurbished in the
1980's

Use of the building: Shared office
facility between several different
companies

Simple plasterboard partition - fixed
to metal channeling interspersed with
glass partition, occasional wall
(usually outer) with glass/rock wool
insulation. PB was either painted or
painted wallpaper. No laminated PB
Brand and year of the plasterboards in
the information in known: Possibly
Gyproc - year unknown ...

5 months from July to December 2014

All PB was removed by hand, using
sledgehammers, crowbars, and other
hand tools. The PB was kept separate
from other materials and kept under
cover and dry. The PB was then
dropped down a chute/hopper by
hand to ground level where it was
mechanically loaded in to a roll on roll
off skip or directly in to the back of a
tipper.

4 X 10tonne plus skip transported to
NWGR in Avonmouth, Bristol for
onward movement to Siniat UK in
Avonmouth, Bristol.

Approximately 35tonne was
reprocessed by Siniat UK.
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PILOT PROJECT DESCRIPTION - 4/5

DEMOLITION COMPANY :

COUNTRY :

JOBSITE
LOCATION

TYPE OF
BUIDING

TYPE OF
GYPSUM

BASED
SYSTEM
STUDIED

PERIOD OF WORKS

REMOVAL
DESCRIPTION

GYPSUM
RECYCLING

KS ENGINEERING GMBH

GERMANY
Graben (nearby Munich), Germany

Five identical buildings of the army, one
floor, without basement

- Ceiling: plasterboard (partly acoustic
panel), wooden frame, mineral wool
-partitions:

plasterboard (partly acoustic panel),
wooden frame, mineral wool
plasterboard, metallic frame, no insulation
plasterboard, wooden frame, wood wool
insulation (Heraklith)

Brand of the plasterboards: Rigips, Knauff

February and March 2014

Manual deconstruction = Sorting and
segregation of the different materials >
carrying out from the building using a
wheelbarrow - loading of the skips

Gypsum-based waste stored in 4 covered
skips of 40 m3.

36,64 tons of plasterboards sent to GRI
recycling plant in the Netherlands from
the 24 of February to the 6 of March 2014.
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PILOT PROJECT DESCRIPTION - 5/5

DEMOLITION COMPANY :

COUNTRY :
JOBSITE
LOCATION

TYPE OF
BUIDING

TYPE OF
GYPSUM
BASED
SYSTEM
STUDIED

PERIOD OF WORKS

REMOVAL
DESCRIPTION

GYPSUM
RECYCLING

RECYCLING ASSISTANCE

BELGIUM
Brussels, Belgium

Offices building
54217 m?

Partitions of:

- Plaster blocks

- Plasterboards screwed on a
metallic framework, with mineral
wool

Brand of the plasterboards: Gyproc

June 2014 to November 2014

Mechanical deconstruction -
Storage of the sorted wastes on the
different floors = Loading with the
help of a bobcat machines of skips
lifted by a lift

~ 43 tons of plasterboards and
plaster blocks sent to NWGR in Kallo
until the end of November 2014
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2.2.3.Economics data coming from the pilot projects

The figures mentioned below are coming from the 5 jobsites presented in the previous chapter.

2 types of partition have been studied through the 5 jobsites:
 Partitions made of plaster blocks

 Partitions with plasterboards

On the basis of the methodology employed, the location of the jobsite, the amount and the
outlets considered, the costs assessed are summarised in the board below:

Type of gypsum based Dismantling option Demolition option
system Per m’ Per m’
Cost of 0,22€ 0,22€
dismantling/demalition ! !
Cost of storage and 0.02€ 0.02€
PIEEtEr blUCkE tranEPGrtatiUn ' !
Cost of the outlets 0,06 € 0,11€
Total 0,30 € 0.35€
Cost of
i i . 230€£to4,61€ 231€t0558€
dismantling/demalition
Cost of storage and
i 0,01€to 0,54 € 0,14€t04,19 €
Plasterboard transportation
Cost of the outlets 0,01€t0 0,16 € 0,83€t013,25€
Total 2 32€lo5€ FElo19€

e PLASTER BLOCKS :

For plaster blocks the costs are only influenced by the costs of the outlets since, as explained
previously (see part 2), there is no significant difference regarding techniques to deconstruct
plaster blocks and demolition techniques. As a result for plaster blocks, the costs of dismantling
are assessed to be the same that the costs of demolition and the costs of storage and
transportation are assessed to be the same from a technique to another too.

e PLASTERBOARDS:
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For plasterboards the costs using dismantling or demolishing are really closed. The total costs
for this kind of partition are influenced by the transportation and the costs of the outlets.

Nevertheless, the jobsites studied show that savings are made using deconstruction techniques.

Costs per ton have also been assessed on the different pilot projects. Those costs are function of
the different materials the partitions are made up. Weights of those different materials are
variable from one partition to another and the costs calculated can’t be considered as a replicate.

The costs per square meter assessed and summarised above can be a basis to assess the total
costs on any jobsite.

The accurate calculation of the costs have to be assessed using the entire methodology.

2.2.4.The variable data and limits

To choose the way to deconstruct a gypsum-based system, the analysis must not
only focus on economics but take also into account other parameters, in particular:
* Safety requirements (working at heights for example )

* Technical constraints to remove the unwanted materials/ products/
contaminants so as the gypsum wastes respect the specifications of the
recyclers

* Environmental aspects such as :
- Mode of transport
- Distance from the jobsite to the transfer station and the recycling
unit
- Savings of raw materials

* Deadline for the works achievement

Besides the works have to be followed and monitored during the different phases
(deconstruction, sorting, loading the skips).

It is also advised to communicate during the preparation phase to make the operators aware of
the specifications the gypsum-based waste have to respect and the way adopted to deconstruct
and remove the gypsum waste system. The communication can focus on errors to be avoided as
shown on the example below coming from a French demolition jobsite.

GtoG project — DB1: European handbook on best practices in deconstruction techniques
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WASTE QuUALITY

The wasles sert must enly contain plaster-based material If other types of wastes are mixed with the gyp=sum-

based waste, the skips wil not be accepted and they will be sent in landfill. Waste treatment costs multiplied
perSill

Examples of mistakes that must be avoided:

Firn switch tefl Metallic framawark lelt Pieces of faise cailin
AP botwaen 2 plastorboards o o

LOADS OF GYPSUM-BASED WASTE MUST NOT CONTAIN ANY OTHER TYPE OF WASIE!

IF SOME DOUBTS ARE REMAINING PLEASE ASK TO THE PERSON IN CHARGE OF THE
WASTE MANAGEMEN]

Figure 47: example of communication on OCCAMAT GtoG pilot project in Levallois Perret, France

GtoG project — DB1: European handbook on best practices in deconstruction techniques
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3.

Recommendations for an improvement of recyclability

The recommendations expressed below concern not only the end-of-life of the gypsum-based
systems but also the conception and installation of the systems. The aim of these
recommendations is to improve the practices at each step in order to improve the recyclability?
of the gypsum-based systems at the end.

3.1. RECOMMENDATIONS LINKED TO ECO-DESIGN AND CONSTRUCTION OF THE
GYPSUM-BASED SYSTEMS AND MATERIALS

Eco-design of buildings and systems constitutes the basis of the following steps aiming to
improve the recyclability of gypsum-based materials.

3.1.1.Recommendations towards the manufacturers

The manufacturers have a responsibility regarding the products they are putting on the market.
Within a circular economy approach, the future end-of-life of the systems they are
manufacturing should always been taken into account. Thus eco-design should be highly
included regarding two approaches:

* Regarding the chemical composition more especially in terms of additives, or the
materials itself used to design the systems: some of them do not enter in the
waste acceptance criteria of the recyclers (plastic foils sticked to the
plasterboards for instance)

* Regarding the way the materials are designed to be arranged together to
constitute the system: at the end of life of the system, if it necessitates too much
time, too many workers or techniques too specific to deconstruct the system, the
demolition company could choose to demolish it instead of deconstruct it
properly. During the GtoG project it appeared that according to the
deconstruction technique chosen, systems arranged together with glue, screws
or nails necessitate more time to be deconstructed than systems arranged with
seals for instance. According to the type of system, the type of jobsite and the
waste market in a given country, the economic balance will not necessarily be in
favour of deconstruction of the system. The systems that can be easily separated
drive the demolition companies to deconstruct instead of demolish.

Consequently it is recommended to the manufacturers to work on eco-design of
systems that will encourage the demolishers to opt for deconstruction.

3.1.2.Recommendations towards the project owner and project manager for the
construction phase

As purchasing advisors, project owners and project managers, including architects, have a key
role to play. It is very important that they take into account the lifecycle of the building and
integrate considerations regarding the “design for deconstruction” approach.

1 Recyclability must be considered in the light of physical and chemical properties of a material or systems that
facilitate or impede the possibility to recover the material(s).
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First of all it is recommended when choosing between two different types of systems to include
an end-of-life approach and thus choose a system which has a proven recovery route existing
locally.

Plus when choosing a gypsum-based system, it is recommended to the project owners and
project managers to take note of the recyclers’ specifications in order to avoid as much as
possible to prescribe:

* the use of gypsum-based materials that will not enter in the waste acceptance criteria of
the recyclers. As highlighted before, the gypsum-based products manufactured currently
do not all enter in the recyclers specifications;

* the assembling of materials that will not be easy to remove at the end-of-life of the
systems or the building and will make the entire system non-recyclable. Indeed in some
cases, a gypsum-based material that could have been recycled can’t anymore because of
its assembling with non-recyclable and non-separable (within acceptable technical and
economic conditions) materials. It is the case of plaster blocks or plasterboard partitions
coated with earthenware for instance.

3.1.3.Recommendations towards the construction companies

The way the gypsum-based systems are implemented by the construction company is decisive to
allow its recycling. As previously recommended to the other stakeholders that play a role
upstream from a construction project, the construction companies should keep in mind that the
system they are installing will be deconstructed one day. They should systematically wonder if
the different materials that constitute the gypsum-based system will be technically and
economically severable at the end-of-life of the system.

A constructive system that would not allow the proper deconstruction of a gypsum-based
system for technical and economic reasons at the end-of-life of the system must be preferred to
another systems that facilitate
selective demolition.

For example, the opposite pictures
show a system constituted by
plasterboards nailed on beams,
metallic wires tangled around the nails
and the whole coated with a plaster
coating that made impossible the
segregation of the plasterboards from
the wires. The system, found on a
deconstruction jobsite of a teaching
hospital in France in 2013, has been deconstructed using a sledgehammer and the wastes have
been eliminated in a non-hazardous waste landfill.

Figures 48 and 49: example of a gypsum-based system
non-recyclable because of the way it has been
installed - Source: Occamat (France)

To avoid this type of scenario, it is advised to follow the construction steps planned by the
plasterboard manufacturers that are generally available on their respective Internet websites.
As much as possible it should be avoided to make “permanently” interdependent the recyclable
gypsum-based products with other materials. For instance, wires and switch should not be
attached permanently to the recyclable gypsum-based materials or it risks to be forgotten on the
products during the deconstruction and the load would not match some recyclers’ specifications.
The choice of a coating that would not enter in the waste acceptance criteria of the recyclers and
thus make the plaster blocks non-recyclable has to be avoided also.
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Regarding the choice of the gypsum-based system or the gypsum-based material that will
constitute the system, it is recommended to choose a system for whom the different constituting
materials have an existing recovering route locally.

3.2. RECOMMENDATIONS LINKED TO THE DECONSTRUCTION OF THE GYPSUM-BASED
SYSTEMS AND TO THE GYPSUM-BASED WASTE MANAGEMENT UNTIL THEIR FINAL
OUTLET

At the end-of-life of the gypsum-based system, the different steps from the deconstruction
jobsite to the recycling unit with possible waste management company(ies) as a third party, are
decisive to allow the gypsum-based system recovering.

3.2.1.Recommendations towards the project owner for the deconstruction phase

Historically asbestos was widely used for different applications because of its desirable physical
properties before to be finally recognized as a hazardous material in the countries of the
projects. Lead paint in another example of material that has been historically used but is
nowadays forbidden in the countries of the project2.

The presence of any hazardous material, as asbestos and lead paint, is strictly forbidden in the
waste acceptance criteria of the recyclers.

Prior to the beginning of the works, the project owner has to carry out the diagnoses of the
hazardous materials especially the asbestos and lead paint diagnoses if their building are
concerned by their possible presence (building built prior the ban of use of these products).

The results of these diagnoses must be especially passed on the deconstruction company.

3.2.2.Recommendations towards demolition companies

During the deconstruction phase, the aim is that the demolition company implements
deconstruction techniques and process that will allow to segregate the recyclable gypsum-based
materials from the other materials they are arranged with and that do not enter in the waste
acceptance criteria of the recyclers. The best deconstruction techniques that have been observed
in the scope of the GtoG pilot projects have been described in the second part of this handbook.
It is recommended to implement these techniques. Plus during the temporary storage of the
waste onsite, their loading in the skips and until the removal of the skips from the jobsites,
measures must be taken as much as possible in order to avoid the contamination of the sorted
recyclable gypsum-based materials with other materials.

3.2.3.Recommendations towards transfer stations and waste sorting companies

When the recyclable gypsum-based waste are sent to a transfer station or a waste sorting
company, measures must be taken to guaranty that the loads will not be contaminated by other
wastes that would not comply with the waste acceptance criteria of the recyclers. The sorted
loads must be carefully stored on the transfer station in covered skips whenever it is possible if
requested by weather conditions.

2 Remark: to the GtoG partners’ knowledge, no gypsum-based product integrating asbestos has been manufactured in
the past. Nevertheless, the risk to find asbestos in gypsum-based products or systems manufactured before the ban of
importation and using of asbestos remains.
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Moreover, prior to send the loads of sorted recyclable gypsum-based waste to the recycling unit,
it is highly recommended to proceed to visual checking, inspection of the loads in order to be
sure that it comply with the waste acceptance criteria of the recyclers.

4. Conclusions

The statement concerning the recyclable and non-recyclable gypsum-based systems shows that
in some cases the setting of the system will impede the recycling route. Regarding the
demolition phase, two types of barriers are identified:

* the endogenous factors are those related to the design itself. For instance the choice of the
chemical substance to obtain waterproof effect may have an adverse effect on the
conformity of the production when contained in some recycled gypsum. Wax should be
preferred to silicon as this effect will not exist. Another example is the plastic foil glued
to the plasterboard that cannot be properly separated with current available technology.
It was exactly the case with thermal insulation plasterboard but some recent set-up
facility can treat this type of product at ease.

* the exogenous factors are those related to the way the systems are put in place and
afterwards deconstructed and collected to the recycling facility through a transfer
station or not.

The pilot projects carried out by the demolishers in the scope of the GtoG project have shown in
most cases that the demolishers can properly deconstruct the gypsum-based systems and
segregate the materials in compliance with the waste acceptance criteria of the recyclers. Some
systems initially recyclable were in fact not anymore due to the way construction companies put
the system in place.

Regarding the choice of deconstruction versus demolition techniques, it is mainly proved
selective demolition that facilitate the recycling route will induce savings. According to the
demolishers, we may assume that the operation costs for both demolition and deconstruction
practices are similar. The savings are in fact made on the route: landfilling is much more
expensive more especially in the countries with a high landfill tax. Regarding the practices in
terms of deconstruction, it is not relevant to conclude at this stage of the study that one practice
is better than another. Demolishers have their habits with high skilled employees mastering a
type of practices. Being good at using a certain practice doesn’t mean being good for all. The
conclusion that can be made from the study is that, beyond the environmental benefits, the
choice of deconstruction can lead to important cost-savings on big jobsites, especially thanks to
the recovering of the gypsum-based wastes that generally cost less than their landfilling. This is
the main driver that leads demolishers to adopt selective demolition approach.

Although that the deconstruction companies can adapt their deconstruction techniques to the
systems they meet, the design and installation of systems less complex could be a driver towards
the spread out of deconstruction practices. The manufacturers, project owners, project
managers including architects, and the construction companies must integrate eco-design of the
systems and eco-construction of the buildings at each step in order to build buildings and
systems that will be easier to deconstruct and recover, preferably recycle at the end of life.
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Appendix: detailed sheets of the economic

deconstruction versus demolition

Tab “Description and summary”

approach of

JOBSITE

Owner

Demolition company

Localisation of the jobsite

Brief description of the building

Description of the GB products and the
expected GBW quantity

Duration for the dismantling, sorting, storage
and transportation of wastes (months)

Dismantling option

Demolition option

Per m2 Per ton Per m2 Per ton
Cost of dismantling/demolition 4,00€ 165,29 € 6,08 € 251,29€
Cost of storage and transportation 0,00€ 13,88 € 0,36 € 8,60 €
Cost of the outlets 0,01€ 36,86 € 4,55 € 110,00 €
Total 4€ 216 € 11€ 369,9 €
Dismantling option Demolition option
Total (m2 Total (ton Total (m2

calculation) calculation) calculation) Total (ton calculation)
Cost of dismantling/demolition 20 000,00 € 20000,00 € 30406,00 € 30406,00 €
Cost of storage and transportation 1680,00€ 1680,00€ 1040,00€ 1040,00€
Cost of the outlets 4 460,00 € 4 460,00 € 13 310,00 € 13 310,00 €
Total 26 140 € 26 140 € 44756 € 44 756,0 €
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Tab “Dismantling costs Partition 1”

DISMANTLING COSTS FOR PARTITION TYPE 1

number of square meters of partition type 1 ‘ 5000 |
Density of waste tonna Square meter of
Weight per square meter of partition type 1 Kg % of weight First evaluation of tonnages | Type of skip (m3) | with coefficient of onnSk?e per partition (equivalent)
expansion P per skip
Metal frames 18 7% 9,00 20 0,08 16 889
Wooden frames 0 0% 0,00 10 0,15 15 0
Plasterboard BA 13 20,4 84% 102,00 20 0,3 6 294
Insulation (mineral wool) 2 8% 10,00 20 0,1 2 1000
Partition 24,2 100% 121,00
Number of hours needed Cost per m2 of Cost per ton of
Cost of the dismantling phase (Partition type 1)  |Description of the task per m2 of partition Wage rate of a worker P . P .
per square meter partition partition
ber of h ded to dit tl
Step 1: Dismantling with a shovel rr'n”e':erer ofhours needed to cismantle one square 20¢ 0,05 1,00€ 41,32€
Step 2: Sorting and storage operation on site number of hours needed to p_;roperly isolate each type 25€ 0,12 3,00€ 12397 €
of waste and store temporarily
Hourl f N f h 2 of t f
Cost of the loading phase Description of the task per ton of partition ourly cost.o 2 umber of hours needed Cost pe.r.m ° Cos pe.r -ton °
worker or equipment per ton of waste partition partition
Step 3: Loading of the skips for each type of waste
ber of h ded to load a skip with
Plasterboard (manual labour) number ot hours needed to loac a skip wi 0€ 0 0,00 € 0,00 €
plasterboards
Equipment nl{mbt_ar of hours of mechanical equipment to load a 0€ 0 0,00¢€ 0,00¢€
skip with plasterboards
ber of h ded to load a skip with metal
Metal Frame (manual labour) humber ofhours needed to load a skip with meta 0€ 0 0,00 € 0,00 €
frames
Equipment nl{mbfr of hours of mechanical equipment to load a 0€ 0 0,00¢€ 0,00¢€
skip with metal frames
Insulation(manual labour) [number of hours needed to load a skip with insulation 0€ 0 0,00 € 0,00 €
Equipment nu.mber o'f hour§ of mechanical equipment to load a 0€ 0 0,00¢€ 0,00¢€
skip with insulation
number of hours of mechanical equipment to load a
Wooden frames (manuel labour)| = 0€ 0 0,00 € 0,00 €
skip with wooden frames
Equipment nu.mber of hours of mechanical equipment to load a o€ o 0,00¢€ 0,00¢€
skip with wooden frames
Total Step 3 0,00 € 0,00 €
TOTAL (stepl +step2 +step 3) 4,00 € 165,29 €
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Tab “Demolition costs Partition 1”

DEMOLITION COSTS FOR PARTITION TYPE 1

number of square meters of partition type 1 5000
. . Density of waste
) . ) First evaluation of ) . L. tonnage per Square meter of
Weight per square meter of partition type 1 Kg % of weight Type of skip (m3) | with coefficient of N . .
tonnages i skip partition per skip
expansion
Partition 24,2 100% 121,00 20 0,250 5 207

Cost of the demolition phase (Partition type 1)

Description of the task per m2 of partition

Wage rate of a

Number of hours
needed per square

Cost per m2 of

Cost per ton of

temporarily the waste

worker partition partition
meter
. . number of hours needed to demolish one
Step 1: crushing, collapsing 20€ 0,05 1,00 € 41,32 €
square meter
ber of h ded to st
Step 2: Sorting and storage operation on site number ot hours needed to store 25€ 0,12 3,00 € 123,97 €

Hourly cost of a

Number of hours

Cost per m2 of

Cost per ton of

Cost of the loading phase Description of the task per ton of partition |worker or needed to load the L .
. R partition partition
equipment skip
Step 3: Loading of the skip
fh | ki
Mixed waste (manual labour) nL.meer. of hours needed to load a skip 20 € 8 0,77 € 32,00 €
with mixed waste
number of hours of mechanical equipment
Equipment nours ofm qauie 30€ 9 131€ 54,00 €

to load a skip with mixed waste
Total Step 3 2,08 € 86,00 €
TOTAL (stepl +step2 +step 3) 6,08 € 251,29 €
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Tab “Waste streams and costs”

WASTE STREAMS FOLLOWING A DISMANTLING PROCESS Cost for storage and transportation Cost for treatment Total Costs
GYPSUM BASED WASTE
Density of wastes Storage Cost for Number of Distance to the| Cost of the L. Final Route
. X ) .. number of X number of . X X . Destination X Treatment
Recyclable GBW Tonnages |Density of material | (with coefficient [ Volume m3| (type of | rental per . Total cost skips per i recycling unit | haulier per |Hauling cost| R (recovering, Cost per ton
N i skips . roundtrips 4 (transfert station) R s cost
of expansion) skips m3) month roundtrip (in hour) hour recycling, landfilling)
Plasterboards type 1 102 1 0,3 340
Plasterboards type 2 0 1 0,3 0
Sandwich panels 0 1 0,3 0
Laminates (10 cm EPS) 0 0,1 0,045 0
Laminates (10 cm Mineral wool) 0 0,17 0,075 0
Plaster Ceilings 0 0,8 0,25 0
Plasterblocks 0 1 0,6 0
TOTAL 102 340 20 50 2 0 2 9 2 80 1440 Transfert station Recycling 55 5610 7050
Non recyclable GBW
Laminates (EPS) 0 0,1 0,045 0
Laminates (Mineral wool) 0 0,17 0,075 0
Others 0 0,5 0,3 0
TOTAL 0 0 20 | s | 1 [ o ] 2 | o | 0,5 | s | o Transfert station |[Landfillingmonocell] 110 | 0 0
METAL
Recyclable metal frames 9 1,7 0,08 113 20 | s | 2 [ o | 2 | 3 ] 0,5 | 80 | 12 Transfert station | Recycling | 250 | -22%0 -2130
INSULATION
EPS 0 0,015 0,007 0 0 0 0 0 2 0 0,5 80 0 Transfert station Recycling 0 0 0
Mineral wool 10 0,05 0,1 100 20 50 1 0 2 3 0,5 80 120 Transfert station Landfilling 110 1100 1220
WOOD
Wooden frames 0 0,2 0,15 0 10 40 0 2 0 1 80 0 Transfert station Recovering 30 0 0
REMAINING MIXED WASTES 0 0,25 0 10 40 0 2 0 1 80 0 Transfert station Landfilling 110 0 0
TOTALS 121 553 (] 1680 4460 6140

WASTE STREAMS FOLLOWING A DEMOLITION PROCESS Cost for storage and transportation Cost for treatment Total Costs

Density of wastes Storage Cost for Number of Distance to the| Cost of the L Final Route
) . . ) L. number of i number of ) X i ) Destination . Treatment
Mixed wastes Tonnages |Density of material | (with coefficient [ Volume m3| (type of | rental per . Total cost skips per X recycling unit | haulier per |Hauling cost| R (recovering, Cost per ton
) i skips i roundtrips 3 (transfert station) i o cost
of expansion) skips m3) month roundtrip (in hour) hour recycling, landfilling)

Mixed wastes 121,00 N/A 0,25 484 20 50 2 0 2 13 1 80 1040 Transfert station Landfilling 110 13310 14350
TOTALS 121,00 484 0 1040 13310 14350
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