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‘i;‘f%j Competéncias do NUMA

Otimizacao do processo de manufatura

Gestao por processos de negocio Ecoinovacdo

Gestao agil de projetos

Gestao de conhecimento () Manufatura sustentavel
Gestdo da qualidade (< () - _
Desenvolvimento de produto (J ¢ Bcologiaindustrial
Gestéo de mudancas ' ~ Ecodesign

Gestao de projetos ( SKLQ _
Modelagem organizacionaL) Istéma Produto-Servico

Modelo de maturidade
(
Engenharia do ciclo de'vida
Gestao do ciclo de vida (L,zC ,

Remanufatura
Logistica Reversd)

AVF\Bgéo do ciclo de vida

Logistica

(J Six Sigma
Automacao

( Producéo enxuta

. | . _Redes colaborativas
) (J ) Medicdo de desempenho

cf Tecnologia da informacéo

Q\\(\?> Melhoria continua
Gestao do ciclo de vida de produtos (PLM)

0>°



Recursos naturais:
capacidade
remanescente de
suprimento

FIGURE 10 Supplies of key resources are limited, while recycling rates for many remain low

Remaining years
until depletion of
known reserves
(based on current
rate of extraction)

50-100 years
100-500 years

Current rates
of recycling

25-50%
=50%

Mo data available

Many resources are forecasted to run out within a relatively short period...
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SOURCE: Professor James Clark, Grean Chamistry, Tha University of York




Global steel demand is expected to increase by more than 75 percent
from 2010 to 2030, driven by emerging markets

Finished steel demand
Million tons Demand growth and regional contribution to growth

% of incremental demand

1991-2000 2000-10  2010-30
2312 Word . 08 SO0

191 Europe 22.3 2.2 3.7

China 66.9 79.9 31

India 6.8 7.3 17.3
NothAmeica 468 75 48
South America 14.5 4 13.9
_DevelopedAsia 19 04 A

Rest of the world® -55.2 18.1 30.4

1991 2000 2010 2030

1 Includes the Commonwealth of Independent States, Middle East and North Africa, sub-Saharan Africa, and Oceania.
NOTE: Numbers may not sum due to rounding.

SOURCE: McKinsey analysis; McKinsey Global Institute analysis




O valor dos produtos basicos

McKinsey Commodity Price Index’

Real price index: 100 = years 1999-2001%
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’ff; depression Depression price trend
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1 Based on arithmetic average of four commaodity sub-indexes: food, non-food agricultural raw materials, metals, and
energy.
2 Data for 2013 are calculated based on average of the first three months of 2013.
SOURCE: Grilli and Yang; Pfaffenzeller; World Bank; International Monetary Fund; Organisation for Economic Co-operation
and Development statistics; Food and Agriculture Organization of the United Nations; UN Comtrade; McKinsey
Global Institute analysis




O valor das commodities

Since 2009, resource prices have rebounded quicker — World GDP

than glubal ecunomic uutput = MGI Commuodity Index
Indexes’
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1 Mominal data indexed to 1Q2007.

SOURCE: Oxford Economics; World Bank; International Monetary Fund; Organisation for Economic Co-operation and
Development; Food and Agriculture Organization of the United Nations; UN Comtrade; McKinsey Global Institute
analysis



ﬁ’%’f Mudancas nos Modelos de Negdcios

10: Where do you see profit from sustainability? (Please choose all that apply.)

Innovation advantage - identifying better solutions early

Intangible benefits

In collaboration with
Cost advantage with their sustainability efforts

KjG Price premium for their sustainability positioning

Tue Boston Consurrine Group

Outsized market share for their sustainability positioning

FINDINGS FROM THE 2012 SUSTAINABILITY & INNOVATION
GLOBAL EXECUTIVE STUDY AND RESEARCH REPORT

The INNOvation  ;mmimiredi oo e s s
Bottom Li n e Product/service offering

How companies that see sustainability as Value chain processes
both a necessity and an opportunity, and
change their business models in response,
are finding success.

By MIT Sloan Management Review and The Boston Consulting Group

Organizational structure

Cost model

Target segments

Revenue model
|7l Average of all

|7l Average of respondents
No business model change with changed business model




PRINCIPIO 1

Preservar e aumentar o
capital natural
controlando estoques
finitos e equilibrando os
fluxos de recursos
renovaveis.

A Economia Circular

Renovaveis @ “ Materiais Finitos

Gestao dos fluxos de renovaveis Regenerar Substituir materiais Virtualizar Restaurar Gestao de estoques

PRINCIPIO 2

Otimizar a
producéao de
recursos fazendo
circular produtos,
componentes e
materiais no mais
alto nivel de
utilidade o tempo
todo, tanto no ciclo
técnico como no
biolégico.

o

Fabricante de pecas

Vo

Matérias-primas Fabricante de produtos
bioquimicas ' Reciclar

Agricutura/coketa’

Regenaracio Biosfera

Aproveitamento
em cascata

‘ ok

Consumidor Usuario

Extragdo de
matérias-primas
bioguimicas?

PRINCIPIO 3

Fomentar a eficacia do
sistema, revelando as
externalidades negativas e
excluindo-as dos projetos.

Voo

Minimizar perdas sistémicas e
externalidades negativas

1 Caca e pesca

2 Pode aproveitar tanto residuos pos-colheita como pds-consumo como insumos

FONTE: Growth Within (2015) - Ellen MacArthur Foundation; Stiftungsfonds flir Umweltékonomie und
Nachhaltigkeit (SUN); McKinsey Center for Business and Environment; Drawing from Braungart & McDonough
Cradle to Cradle (C2C)
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2000 2014 2015 2016
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The School of ez [ March dine October Formal

Enginneringin - £y he part  Meeting at USP Annual Launch of ~ Contract of

Sao Carlos has of Network with Andrew  Summit in CE108 quzﬂ, USP as

been workingon . o ciioe. Morlet (CEO of Londonand ~Colaborative  pignee

Life Cycle call the Foundation), the oficial Meeting In " ypjversity and

Engineeringand . coence  Prof. Vahan (Vice-entrance of S and DIF 4 4 Academic

Managment. and material President of USP at the g 'Eogl'zl'ents WOkahOIO at
exchange. USP), prof.  Network - USP with 60

Ometto (USP  Universities "~ Professors.

Lead) and other
Professors.



t"}} Ellen MacArthur Foundation Network Universities

By showcasing relevant
academic work globally this
programme aims to enable
collaborative ventures and

knowledge exchange across
policy makers, business and

academia outside the
Foundation’s formal
programmes.

https://www.ellenmacarthurfoundation.org/pr
ogrammes/education/network-universities

Bangor University

Georgia Institute of Technology University
Johannes Kepler University (JKU) Linz
Loughborough University

Northumbria University

Rotterdam University of Applied Sciences
Skema Business School

TU-Berlin

UC Davis

Universidad de Chile

Universidade de S&o Paulo
Universidad Nacional de Quilmes
Universiteit Gent

Universite de Montreal

University of Edinburgh

University of Queensland

University of Sheffield

University of Strathclyde

University of Technology Sydney (UTS)
Worcester Processing Institute (WPI)



%j‘ Pioneer Universities

Pioneer Universities are an international network of

higher education institutions developing truly pioneering
and innovative circular economy-orientated research or

teaching programmes.
4] UNIYERS UNIVERSITYOF Cranfield ‘3
EW MAKIN(‘KN"NVlFOC‘F\‘-ORK ﬁNIVERSITY TU Delft m

e, Golisano Institute
\W for Sustainability ARIZONA STATE

ooooooooooooooooooooooooo UN[VERS[TY

https://www.ellenmacarthurfoundation.org/programmes/education/
ploneer-universities



Pioneer Universities

Pesquisas & e 3 , PN )
Ana'ﬁses #% Capacitacao ‘Zt) Networking : & Colaboraca

Pr

i ':v‘
(5)

Mone)'; makes
the world go
round

. WASTE NOT, WANT NOT. -

1l




Unidades da USP participantes

Séo Carlos Campus
* School of Engineering (LEAD)

¢ [nstitute of Architecture and Urbanism
¢ Institute of Mathematical and
Computer Sciences

* Institute of Physics

* Institute of Chemistry

» Piracicaba Campus
* Luiz de Queiroz School of
Agriculture

Séo Paulo Campus

¢ School of Arts, Sciences and
Humanities

* School of Communications and
Arts

» School of Physical Education and
Sport

» School of Nursing

* School of Engineering

* School of Architecture and
Urbanism

 Faculty of Pharmaceutical Sciences
e Law School

* School of Economics, Business
and Accounting

* School of Education

* Faculty of Philosophy, Languages
and Literature, and Human Sciences
» School of Medicine

» School of Veterinary Medicine and
Animal Science

» School of Dentistry

» School of Public Health

* Institute of Astronomy, Geophysics
and Atmospheric Sciences

* Institute of Biosciences

Sao Paulo Campus

* Institute of Biomedical Sciences

* Institute of Physics

* Institute of Geosciences

* Institute of Mathematics and
Statistics

* Institute of Psychology

* Institute of Chemistry

* Institute of International Relations
» Oceanographic Institute



‘i;' Unidades da USP participantes

Bauru Campus
* School of Dentistry

Lorena Campus
» School of Engineering

Pirassununga Campus
* School of Animal Science and
Food Engineering

Ribeirdo Preto Campus

» School of Physical Education and
Sport

* College of Nursing

» School of Pharmaceutical
Sciences

» Law School

» School of Economics, Business
Administration and Accounting
* Faculty of Philosophy, Sciences
and Letters

* Medical School

* School of Dentistry

Specialized Institutes

 Center for Marine Biology

* Center for Nuclear Energy in
Agriculture

* Institute of Energy and
Environment

* Institute of Advanced Studies
* Institute of Brazilian Studies
* Institute of Tropical Medicine —
Séo Paulo

Museums

* Museum of Archaeology and
Ethnology

* Museum of Contemporary Art
* Museum of Zoology

* Paulista Museum



USP Pioneer Roadmap
2016-2019

Circular economy
content on
undergraduate
courses

Community of Practice
for research and

Circular economy

Circular economy
education knowledge content on graduate
programmers for the development fora courses

society multidisciplinary

circular economy

Technical and scientific
support on research,
innovation and
knowledge transfer for
Brazilian society
specially to CE100Brazil



j%i Eco-innovation Implementation Process

PREPARE

Identify the sectors,
markets and companies
that you will target

and demonstrate

to them how your
eco-innovation services
will help to address

the key sustainability
challenges and
opportunities they face

SET
STRATEGY

Engage with the

Client to build a better
understanding of how
the company operates
today, refine your
understanding of the
sustainability challenges
and opportunities,

and formulate a new
business strategy.

Identify potential

Conduct Preliminary

clients Assessment

T T
Build understanding Perform SWOT
of market analysis

| 1

Recruit client(s)

Set new business
strategy

Eco-4nnovation Target

Q0 90|©e| e

Identification
E
P"S pesteL
Tgl
et
Life Cycle
Stakeholders

@ Wakctvough Audt

Business Model
Canvas

ﬂ Life Cycle Thinking

D\ Value Chain
Pressures

SWOT

W Force Field
- Analysis

0 00O QO S e e

BUSIN

ODEIl

Generate new business
model options and
operational innovation
Ideas that are aligned
with the business
strategy and the
capabilities of the
company, then select
the best option to take
forward.

Conduct In-depth
Assessment

Generate ideas

Evaluate and select

In-depth

Assessment

Life Cycle Thinking

£ I'T]] Business Model
W Y canvas

9 Windows
on the World

People Planet Profit

Sustainable Final
Result

Product Idea
Prompts

Risk Register

Business Model
Evaluation

BUILD
ROADMAP

Define a roadmap of
operational projects
towards implementation
of the selected strategy
and business model
and define the scope
and requirements of the
first project

IMPLEMENT

Define a roadmap of
operational Execute the
first project with regular
reviews to ensure
successful delivery and
flexibility.

REVIEW

Reflect on the
performance on the
first project, capture
lessons learnt, and
revise the strategy and
business model as
necessary in readiness
for the next iteration
of implementation
activities

e Build Roadmap

Create project plan

6 Review

]

I

Q Select first project

Implement project

e Identify next steps

I

Detail and prioritize
technical requirements

" R
L 'oadmap
w
Requirements
Specification

@ ©©|©

Risk Register

i

9 Windows

ooo
ggg on the World




‘_i;"%'f Product Lifecycle Management: Body of knowledge

Publications, Cases,
Practices, Methods, Lectures
(+ 18 other classes

http://www.portaldeconhecimentos.org.br/

J

VEDUCA (online courses):
free access !

NPD online reference
model:

free access !

1
|
y |

"NPD and Project ,
Management courses

\

.
Product Development
QO I
(&) Pre- Development Post- >
Gestao de \\
C Desenvolvimento de Produtos Product
q) Uma ik P Do) Strateqic Product and Product end
ol AR Pl oi >> >> >> >> Process of life
q) GJ LI | Momtonng management
© | | | | | |
B} (@) Gates >> ‘ ‘ ‘
LS E
D Project Informational Conceptual Detailed Production Product
Planning Design Design Design Preparation Launch
= e, T, S—
‘ Engineering Change Management
Product Development Process Improvement /




1. Ecodesign successful industrial case in Brazil

Engineering study of Ecodesign (Design for Environment)
applied to the lifecycle of a multifunctional made by HP in Brazil

25% of recycled plastic

e
R ==




1‘:%} Reference Model for Product-Service Systens (PSS)

Goal: Develop a reference model for Product-Service System (PSS) development
process.

U intangible)

Reference model

Resource
Information

\ Knowledge 1

concepts — methods / techniques - tools

Activity




‘i;ri‘tj loT, Industry 4.0 and Circular Economy

Goal: Environmental assessment and on line monitoring of manufacturing
processes based on. |0T, Industry 4.0 and Circular Economy

W

AN\

« Environmental on line monitoring
« Graphical interface

* Report and file generation
 Historical data collection

« Life Cycle Management



Remanufacturing oriented production
t’ < equipment development

1]

Goal: to propose a reference model for developing remanufacturing
production equipment. Demonstration of a grinding machine development

oriented

Virtual environment for demo

oL -

https:/www.youtube.com/watch?v=626IF5nKQzY
Story board

Phase 2-
1#usage

IS
Pl on ‘Simulation) phase
y | ~® (17
Informational ~»
Design
Desipn
Lifecycle/ f
stakeholders Detailed Desig
@ definition
New Reference Model

1% Usage Phasze
\ Product Monitoring and

PSS maintenance

Phase 3-
Remanufacturin
g phase

-~
jed Design

- main activity

Detailed Design
b i \Environmental Impac
e Assessment
72 Detailed Desian =
support activity @ Vi 16 -~
 —
juct launch

=
9 > main stream
<€—> :parallel flow @ -
@ Detziled Design
Life Fi

sequence of \ End-of-Life Planning
presentation

piedl | o Machine Monitoring Control
e e System towards remanufacturin
: phase /—K (’\r 4 3 y g




Web-guidelines for developing business ﬂﬁ
=Xz _models for remanufacturing

Goal: to assist companies in creating their own tailor-made remanufacturing
business model.

http://bragecrim2.wix.com/remanufacturing




Eco-innovation in SMARTPARKS: sustainable strategies and methods to
j;’ promote industrial, urban and agricultural symbiosis in Brazil and Spain

Management supported by
ICT

ECO-INOVATION
IN:

H Social and
institucional
structures

B Business

models and
strategies

\3—

H Organizational
structures

M Products i Industrial Symbiosis

N /
M Process I

H Technologies

Rural Symbiosis
g .
. | Partners: University of Sao
Paulo (USP),Federal University
COMPETENCES AND METHODS FOR ECO-INNOVATION
Industrial Ecology Ecodesign  Performance Management  Policy Making Of Sao Carl 0S (U Fscar) and
Autonomous University of
Urban planning Circular Economy Life Cycle Engineering ICT

= o Barcelona (UAB)
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t%f Muitas oportunidades e desafios

* Impacto Positivo

 Eficacia sistémica
 Politicas Publicas

* Tecnologia

* Desenvolvimento de Produto
* Big Data

* Inddstria 4.0

* Planejamento urbano
 Mudanca Cultural



‘i;‘:%,i‘ Caminho...

* Visao Sistémica
* Descoberta de Valores nao capturados

* Modelos de Nego6cios com base nos
Servicos

* Design for circularity

» Sistemas integrados, robustos, modulares
e inteligentes

* Inovacoes disruptivas
« Cooperacao



EESC-USP

Muito Obrigado
Prof. Aldo R. Ometto

aometto@sc.usp.br
16 33738608
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