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TECNICO Framework Lean and Lean Tools
L|SBDA Green

CDW is any debris generated during the construction,
renovation and demolition of buildings and civil
infrastructures, and their maintenance.

0

CDW Production

EU: 500 Mton/year (Coelho & Brito, 2010) s 25-30%
Portugal: 7,5 Mton/year (Mélia, 2010) === 20%

Waste Generated

CDW Recycling rate

EU: 47%
Portugal: 5-10%
Denmark, Holland and Belgium: > 70%
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L|SBDA Green

Problems:
* High production of waste (CDW)
* Reduced recycling rate

U

Needs: - N
Optimization and efficient use of resources General waste

* Prevention and reduction of waste production management regime

» Efficient use of natural resources DL n 73/2011

l \_ )

Achieve sustainability in the Construction Industry

< Incorporation of recycled aggregates in construction is highly
relevant to achieve sustainability and reduce the negative
impact of climate changes
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L|SBDA Green

Problems:
* High production of waste (CDW)
* Reduced recycling rate

U

Needs:

Optimization and efficient use of resources

* Prevention and reduction of waste production
e Efficient use of natural resources

1

Achieve sustainability in the Construction Industry

Portugal 2020 Program
[ 70% CDW recovery in 2020 ]

( Improve CDW recycling processes by adopting the lean
management philosophy




TECNIED Framework Lean and Lean Tools
LISBOA Green

Origin
1950 Toyota production system: Lean Production — Lean thinking

U

Lean
Purpose: Eliminate waste - Generate flow - Create value - Reduce costs -
Improve quality — Increase competitiveness
Lean principles Six Sigma (DMAIC)
1.ldentify value Define
H 2.Map the value stream Measure
Lean Six P \
. 3. Create flow Analyze
Sigma N\ Y
(LSS) 4. Establish pull —_ Improve
5. Seek perfect —— Control

Salah et al. 2010 6
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Lean and Green

U

Lean studies are based mainly in the Automotive industry;

Lean applications are expanding: Lean Construction and Lean Service;

No studies were found related to Lean practices applied to the CDW treatment process;

Some authors emphasize there is a positive relationship between Lean practices and
environmental performance (Green).

Green goals
Achieve sustainability

Lean Principles




TECN'ED Framework Lean and Case Study
L|SBDA Green Lean Tools

Objective: Present a proposal for improving the production process of recycled
concrete aggregates of Ambisider by applying the DMAIC method based on LSS
management philosophy.

ambisider

RECUPERACOES AMBIENTAIS, S.A

U
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TECN“:D Framework Lean and Case Study
L|SBDA Green Lean Tools

CDW treatment process of Ambisider
Concrete (EWL 17 01 01) and mixtures (EWL 17 01 07)

I Control of CDW dump trucks |

1

CDW deposition in the CRU or TRSA

1

Manual sorting

|
.

Primary Crushing Sieving
smashing l y

Magnetic separation Recycled
Other residues , a_ggrggates
except 170101 I Metal I with .dlffe.zrent
and 170107 grain sizes
Storage in TRSA Storage in TRSA | Storage in TBA \
== Reception and deposition EWL: European Waste List
_.?'00955' 'fT."a'? ph%se? CRU: Concrete Recycling Unit
—sg%%g a}ggsp"’ s_— TRSA: Temporary Residues Storage Area 9

TBA: Tagus Bay Area



TECNIED Framework LEE B Case Study
LISBOA Green Lean Tools

U

Ambisider main facility layout Ambisider data (2013)
e | Waste valorization rate - 97%
- e Recycling rate - 91%
" 170405 | 170203 :;g:l'::
e ' 81% inert material
Lo Bl 20% of the business volume
170201 % ”m‘i|'}m‘z1 %}f&
= Extra activity: commercialization of
2 200307
frecd: ironcd recycled aggregates of concrete and
' mixtures
Crusher Front Loader Dump truck
Js 2 Bl .ﬂ.,?m, & o % _g‘gzﬁ‘é':g[g%s Not competitive

A ettt 17 01 07 ‘
=cé’.ﬁ?'e"zﬂE"Ji;ﬂﬁﬁ;!ﬁ:.'ﬁé%"."" Shortcomings in the recycled
aggregates productive process

10



TECNIED Framework LEE B Case Study
LISBOA Green Lean Tools

Methodology
1. Preliminary stage (action “go and see”)
2. DMAIC method

U

Process Steps
Deposition Manual Primary Crushin Sievi Storing in
. : ievin
TRSA or CRU sorting reduction - : TBA
Preliminary Stage Flowcharts; Detailed description; Improvement opportunities
Define SIPOC; VOC; VOE; CTQ Tree; Project Charter
Measure Spaghetti Diagram: Current VSM; KPI
Future VSM
DMAIC
goRvze)| | Cause-Effect Cause-Effect | o\
Method Brainstorming Diagram - Diagram -
Improve 55; Procedures standardization; Future V5M; Other Solutions
Control Visual control; Training; Standardization; Intern audits; Periodic review of KPI

11
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TECNICO
LISBOA

Lean and
Framework
Green

1) Define: Define the problem and project goals
Tools: SIPOC; VOC; VOE; CTQ Tree and Project Charter

Case Study
Lean Tools

Supplier Inputs Process Outputs Customer
Piles of concrete-based
Owner CDW crushed aggregates Oerer
(17 01 01) (Main)
Piles of concrete mixtures,
bricks, tiles and ceramics
hed t
Diesel Diesel WU SgUregres Recycled
(1701 07) aggregates
SIPOC costumers
. . " (Potential)
Lubricants | Lubricants i minerior Tt
and oils and oils

COW receiving COW Manual Prima ) o Recymed
in the Ambisider 5‘°"=‘9°>> sorting smashit?g Crushing /' Sieving //' aggregates

12
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Lean and
Framework
Green

Case Study
Lean Tools

1) Define: Define the problem and project goals

VOC (Voice of Costumer) and VOE (Voice of Employee) ‘

Needs Quality
driver
Increase the
productive
Improve the capacity of
production recycled
processes aggregates
within the
CDW
industry

Improve the
the
production
process

J

Critical to Quality Tree

Performance
requirement

Reduce waiting time of
the CDW

Reduce the CDW
inventory

Eliminate non-value
added activities

Improve recycled
aggregates quality

Reduce the n° of
breakdowns and repair
time of machineries

13



TECNIED Framework LEE B Case Study
LISBOA Green Lean Tools

2) Measure: measure process performance and establish metrics

U

Tools:

1. Spaghetti diagram — Understand materials flow
2. Value Stream Mapping (VSM) — Understand materials and information flow

3. Define Key performance indicators (KPI)

14
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Production
Control

Case Study
Lean Tools

Technical and

MRP Commercial /I/I/
Area
. CLIENT
CDW Supplier -
Notify Demolitions
0 r. demolitions
client
Current state VSM PR
| CLIENTS
Dispatch of CDW \
acceptance certificate I Aggr_egates
in 30 days max. time L
‘f 7
LB y
V' // .
. /o
prove Improve Integrate 27
quality 7 quality _< _ sieving _< G
Y ‘ Manual Sorting t-:' | Primary Reduction Crushing t-:" - §igvi__ng___: |
' | -:’
/I\ \Q 1 QO 1 Q 2 Q7 o | Agg'%gatas
. outflow
Reception | capacty  80ton/h ii Capacty  40ton/h @ Capacty  50tonh | /. Capacty  60torvh A
W e?nhdin Machines 0 Machines 1 Machines 2 - Machines 1 ]
/“?ﬂ 9 oms- Obs.: Excavator w/ Obs.: Crusher; Loader Obs.: Sieve
i ]|| /! crusher or excavator w/ bucket : | I-O——E
L*J:‘:::: e Storage in TBA
b Stock
educti
" CRY. Hour/ton
Tagus Bay Lead time = 22days
528 0.0250 0.0055 0.0027 "
- Value added time
0.0125 0.0250 0.0200 0.0170 .
, =4,47 min




TECNIED Framework LEE B Case Study
LISBOA Green Lean Tools

2) Measure: measure process performance and establish metrics

U

Problems Key Performance Indicators (KPI)

1. Waiting time of CDW to be recycled * Leadtime (daYS/tOZ\)
2. Reduced quality of aggregates; * Value added time (%)

e CDW Stock (ton)
3. Crusher breakdowns e Production capacity (ton/hour)

4. Occasional realization of sieving +  CDW quality (according to LNEC
parameters)

16



TECNIED Framework LEE B Case Study
LISBOA Green Lean Tools

3) Analyze: identify potential root causes for the problems

U

1. Brainstorming - High CDW waiting time for recycling operations

1. No control of CDW recycling
operations by the contractor/project
owner after the residues leave the

demolition site. \

4. Frequent equipment
breakdowns.

5. Limited number of
Waiting time —tustomers for the recycled
aggregates.

2. Manual sorting and
primary smashing at
Ambisider

\\ 6. No deadline for completing
the recycling process.

3. Reduced number of
specialized operators to handle
the crusher.

17
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3) Analyze: identify potential root causes for the problems

2. Cause and effect diagram to analyze crusher breakdowns

Manpower Material Machine
Inappropriate Lé Lack of toolsto™\ o High number of
of equipment repair de broken operating hours
lack of knowledge machines
from the workshop No standard
team to repair the — Lork
solve breakdown =%
problems Crusher
*
breakdowns
Ineffectiveness ——yp
Ineffectiveness of Climate —_— of preventive
maintenance plan——p maintenance

plan

Weather—,, Cost

containments

Method Environment Measures

TECNIED Framework LEE B Case Study
LISBOA Green Lean Tools
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3) Analyze: identify potential root causes for the problems

U

3. Five whys (5W) technique for the occasional realization of sieving operations

Problem: Occasional realization of sieving

From the standpoint of Ambisider sieving operations mean more human resources
1W | available, unnecessary time and cost, adding no value to the company or the main

costumer.
From the main costumers point of view From the potential costumers point of view
(demolition/deconstruction costumers) (recycled aggregates costumers)
2W (...) 2W (...)

According to the Portuguese law it is 3W (...)
only required the reduction of the waste

3W dimensions. Thus, only sorting, primary 4w (...)
reduction and crushing procedures are : : —
mandatory while the grain size SW There are defects in the selective demolition
differentiation is not. and in the recycling process.

19



TECNIED Framework LEE B Case Study
LISBOA Green Lean Tools

3) Analyze: identify potential root causes for the problems

U

4. Cause and effect diagram to analyze reduced quality of recycled aggregates

Manpower Material Machine

Stops due to@
breakdowns ——p'

Ineffectiveness of Origin and
hand labor for manual type of Maladjustment of
sorting operations due ; construction ’ equipment :
to lack of motivation parameters Reduced
quality of
Ineffecti of selectiv g Weath > mm.|
neffectiveness of selective r
demolition operations e o
Ineffectiveness of ——p ntamination of aggregates
manual sorting operation recycled piles by No sieving or quality
during crushing <+—vegetation control operations

of the recycled
Method Environment Measures aggregates



TECN":D Framework LEE B Case Study
LISBOA Green Lean Tools

4) Improve: Eliminate wastes and seek for Lean principles

U

Cultural changes: integrated vision of the production process

Q - Waiting time || - Breakdowns Inclusion of sieving

More effectiveness during all CDW treatment steps;

Laboratory tests — partnerships with Universities

Follow LNEC specifications;

Identify value (recycled aggregates costumers perspective);
Standardize work;

Continuous training events;

Regular intern 5S audit (sort, straighten, shine, standardize and
sustain)

Improvements

AN NI NI N N NN

21



TECN ":D Lean and Case Study

Framework
L|SBDA Green Lean Tools
Standard CDW
. processing
Prg:zﬁt;?n ——— _T7———— Technical —_— CLIENTS
and Demolitions

S MRP P Commercial

) Weekly $
CDW Supplier Custom COW Area . N
processing

T
Future State Agemstes
VSM

Dispatch of CDW
acceptance certificate

in 30 days max. time Required T days
‘ /, aggregate
IZB dimension Ea

b ‘ Manual Sorting Primary Reduction Crushing h:-:N Sieving h:’

A \O 1 \O 1 O 3 O 0 ]
Receplion | Capadly _160tonh i 2 Capacity  BOton/h ‘ Capacty  50ton/h ; E Capacity  60ton/h A
and Machines 0 Machines 1 . Machines 2 Machines 1 -
weighing |Obs.: Obs.: Excavator w/ Obs.: Crusher; Loader Obs.: Sieve
crusher or excavator w/ bucket
Storing in TBA

Lead time = 1,7days
40 0.0125 0.0055 0.0027 Value added time

H/ton | 20063 0.0125 00200 e = 3,35 min
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5) Control: Sustain the gains

m o = Numero de Registo:___
ambisider S Aieade’

55 A d 't REGUPERAGOES AMEIEN | AL, 5.4 URE
u I Ambisider| AATR

Auditores: 1. AU DITORIA 58 Oficina
2

Data da presente auditoria: "
Data da prdxima auditoria:

Balado TSJ'OIAm'lazenamenm

Sort
Straighten

Shine
As placas e os avisos de segurangao estao devidame

Sta n d a rd ize identificados nas areas de risca?

. Existem locais definidos e identificados para cada tipo de stock
Sustain

0S espacoes destinados a circulacio de camibe
dos moveis de britagem esldo obstruidos?

Separagao
(Sori)_

de residuos segundo os cédigos LER™?

3 |Exigtem locais definidos para cada ferramenta & maquina?

Organizagdo
(Seiton)
1 I
N

N Totall
Media Seifon N
1 Existem equipamentos, maquinas e ferramentas em mau \
| __|estado de conservagiio?
2 Todos os colaboradores usam devi equi os de \
—~| _ |protecdo individual? (quando necessario)
ig 4 |Sempre que possivel é feita a rega dos RCD antes e apés a N
g | __|britagemn para evitar a contaminagio da zona envolvente?
5 S Catego ry e 4 Existem lubrificantes ou outros contaminantes derramados na
— Total
u Média SevsTl

As normas de procedimentos estdo dispeniveis para consulta
junto da drea de trabalho?
Os colaboradores entendem & seguem as normas definidas
para a execugio dos procedimentos? (triagem manual, redugao
primaria, britagem e armazenamento)
As areas de trabalho estdo devidamente identificadas de acordo
com o standard?
B éa_QEkMI
Media atsy
Teodos os colaboraderes estdo envolvides no cumprimento da
implementagao do si 587

Normalizagao
Lo
ol L

Y

. o |A normali padronizagéo dos procedi s ¢ seguida?

Ag auditorias 55 so decumentadas e realizadas
frequentemente?

- Total
Meda Sisahe ]|

Média total atingida pela drea auditada|

Disciplina
(ﬂiffm)
[~

Observagbes para melhoria do programa 55:

23

*Objetive a definir pela Ambisider
**LER: Lista Europeia de Residuos



CN IED Framework Lean and Case Study
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5) Control: Sustain the gains
Checklists for crusher maintenance

o CHECKLIST MANUTENGAO
ambisider DIARIA/SEMANAL BRITADOR Nimero de Registo: ___

Area/Departamento:
12 Manutengdo 27 Manutengdo 3% Manutengéo 42 Manutengéo 57 Manutengdo
Manuiengéo Diaria** Data: _ [/ | ta: /[ [ Data: _ /[ [ Data: _ [ / Data: _/ [
v'|  Observagdes* bservagdes® |v'| Observacdes* |v/| Observagdes* |[v'| Observages*

. Verificar nivel de dleo (repor ser necessario) A

. Verificar nivel de combustivel /

. Purgar condensados no dep6sito de combustivi ~

. Remover e limpar o filtro de ar/

. Verificar alinhame S placas e volante

sinatura do responsavel
MANUTENCAO SEMANAL*** Data: /| / |V Observagdes*
erificar o nivel de 6leo no depdsito (através dos bujées de ambos os lados)
2. Verificar e regular o estado das telas dos transportadores, rolamentos e outras partes moveis
3. Eliminar qualquer obstrugdo da cdmara de esmagamento e dos mordentes
4. Verificar todas as fixagdes e se todos as placas estdo bem colocadas e fixas
5. Remover todas as poeiras dos filtros de 6leo e do radiador
6. Verificar desgaste das maxilas
7. Verificar desgaste das placas
8. Verificar indicadores de servigo dos filtros dos sistemas hidraulico (substituir se indicador vermelho)
9. Verificar indicadores de servigo dos filtros do sistema de ar (substituir se indicador vermelho)
10. Verificar indicadores de servigo dos filtros do sistema de Agua (substituir se indicador vermelho)
11. Verificar a tensdo nas correias de transmissao (Méx.deformagéo 6,5mm. Tensionar se necessario)
. Lubrificar todos os rolamentos
ssinatura do responsavel
* Manual NOTAS:
*Indicar reposiges (ex.:6leo, combustivel, etc.); substituigdes (ex.:filtros); ou outras inconformidades. 24
C rus h er **A manutenco diéria devera ser efetuada a cada utilizaggo do britador.

***A manutencdo semanal dever ser efetuada apds realizadas as cinco manutengdes didrias.
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Visual Control — Informative Board

Lean and
Framework
Green

5) Control: Sustain the gains

Case Study
Lean Tools

Raferéncia no mercado das demoligées, desmantelamento o
remogdio de amianto

QUADRO INFORMATIVO AMBISIDER - ESTALEIRO GERAL

Mission
Vizsion
Goals

Malhorar continuamente o desamgpenho

Satisfazer clientes, administradere ¢ accionistas

Garantir o aproveitamento e reutilizagio dos materiais

Presenvar o ambiente ¢ conlribuir para a Sustentabilidade Ambiental

Assegurar condiches de Higlena o Seguranga na trabalho

Satisfazer @, se possivel exceder as expectativas dos dientes
Responsabilidade Tédonica em todos os projelos cumprindo todos os
requisitos legais em vigor

Desenvohner o crescimento  profissional/pesseal dos colaboradones

Orientaciio para resultados @ fiagho de objetivos ambisiosos
Promover & incentivar & Melhoria Conlinua

7 DESPERDICIOS OHNO

QUANTIDADE DE RCD RECBIDA

QUANTIDADE DE RCD TRATADA
TEMPO MEDIO DE PARAGEM POR AVARIAS
TEMPO PROCESSAMENTO DOS RCD
QUALIDADE DOS AGREGADOS
TAXA DE RECICLAGEM

i

KPI
Graphics
Statistics

Dala da ditima atualizagho:

Data da présima atualizaghs:

Bestin class

SUGESTOES DE MELHORIA

Problemal Sintorma
obsarvado

Proposta

melhori Rasponsdvel Data

Suggestions
for

1

improvements

2

3

25



TECNICO Framework (EIENL Case Study
Is
LISBOA Green Lean Too

U

Conclusion

Main suggestions for improvement Main expected results

Pull System

Create production flow

Increase production capacity

Lead time reduction (92%)

Better recycled aggregates quality
Increase of company’s competitiveness
Positive impact in green goals

* Company cultural changes;
* Standardize work;

* 5§;

* Training events;

* Universities partnerships.

AN N NN N N

26
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Shortcomings

U

Difficulties analyzing the production process
Lack of data regarding the CDW treatment process

Contributions
DMAIC method enabled to understand the problems, find their root causes and

design suitable improvements
Expansion of Lean applications (construction and demolition industry)

Future developments

Deeper understanding of the process
Implementation of proposed improvements

27
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Thank you

Mariana Ribeiro
mariana.mri.ribeiro@gmail.com

Where there is no Standard
there can be no Kaizen
- Taiichi Ohno

28



