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e Consumo de material, gasto energético e
emissbes de CO2 na producao de materiais e
componentes.

o Analise de ciclo de vida: problemas e solucdes

o Analise de produtos.

o Estratégia para projetos de produtos sustentaveis.
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Producao de materiais (toneladas por ano)

Alguns recursos séao finitos

Concrete
Qil and coal l
T Wood || Cement =
‘/ Glass
Al-alloys p / Natural

Zn alloys | fibers

i i @ Pbaloys B EE B W
Ni alloys
i ] ) Mgalloys | .
Ti alloys
Silver C-fiber]
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Natural fibers: cotton, silk, wooal, jute (1995)

Man-made fibers: polyester, nylon, acrylic, cellulosics
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Annual world production (tonnes/year)
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Producao de materiais (toneladas por ano)

Qil and coal

Steel

Al-alloys
Cu alloys
Zn alloys

 Pballoys
Ni alloys

i Mg alloys
Ti alloys

Silver

Alguns recursos séao finitos

Natural fibers: cotton, silk, wooal, jute
Man-made fibers: polyester, nylon, acrylic, cellulosics
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Analise do ciclo de vida de um produto

1 [TRANS

m.‘Ju;t | Transport

Product
manufacture

Material
production

A

Refurbish

Upgrade

Stressors

CO,, NO,, SO,
Particulates
Toxic waste

L
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Product
disposal
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Analise do ciclo de vida (ACV)

s ™
Resultados tipicos de ACV \ “Tensores” ambientais

® Consumo do recurso /

e Consumo de energia

* Consumo de agua
Emisssao de CO,, NO,, SO,
Emissao de particulados

/

Resumir em um Unico
Eco-indicador ?

Producéao de residuos toxicos

* Acidificacdo, deplecao em ozonio.

N /./

m ACV completo consome tempo e é caro; requer um grande nivel de
detalhamento.

m O que o projetista fara com os dados gerados pela ACV?

= |dentificar etapas criticas da vida de um componente e propor guias para
projeto ambientalmente correto (geladeira, ferro de passar, carro).
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Qual a energia incorporada no material?

definicao : € a energia (excluir a dos biocombustiveis) que €&
usada para produzir uma unidade de peso de material (por
exemplo, granulos de PET) a partir do processamento e
transporte de suas diversas materias-primas.

cOp CO
- -
0|Li
— Ol derivatives ] | \
: (withemboded [ PET granules
energy) (with embodied energy
/A\ b PET per g for PET)
A adlperis priow) production Cf> -
A T4 plant 'O
Transport [~ '.-\’
Mighm J
Figure 1. Inpuf/outpuf diagram for the
production of PET granules.

> Energy entering plant per year
Mass of PET granules shipped per year
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Energia para a producao de materiais por kg
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Aluminum nitride . ALSiC  GFRP i Mgalloys PEEK

: : W alloys
Boron carbide ; / I/ ; (|/ y Silicones
: ; rAI alloys / PTFE

Sllicon nitride Epoxy PE
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Borosilicate E ; Carbon sleels / ; rubber
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Soda glass I : :
Brick = 1
Concrete
Stone ; ' H
Ceramics \, Hybrids ; Metals § Polymers
| | | |

Material family



Energia para a producao de materiais por m3
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Minimizar energia mantendo a resisténcia do material

Viga resistente e ecologica em termos de gasto de energia

104 e e e

| Strength - Energy/m3 Composites
- i Carbon steels Stainless steels
] ; o Metals
A /7 i AIN WG
103 _'____Tecr"'".cal Castirons |\ _Ncloeissiaslya L
= /\ ceramics N\ W/ [l N W alloys
3 S . Zinc alloys ' :
+ Ti alloys
’ ¢ :NOOG'”\ . = Nialloys
= 102di Non-technigal i ) D
o E ceramic : 4
= 3 ¢ Mg alloys
- i Cu alloys
) | Al alloys Iy
- LA
o . 3", -7
s 1 - P
| | B | AN \ e Polymers and-~
e —— Lovictd oM R AR T elastomers -, S——
] Concrete ! Butyl rubber . = /’,’
n N : : PR
g Cork —A—1 ‘ Rigid polymer » &g P *
- ? i ' fo r T
Foams —_ \ TR Guidelines for
(010 L S - . Y . R i . minimum energy)..
3 - design
] | - '
; : 7 . P P i
0.01 e = i ... .. N . . - BN ... S S MFA, 04 _
T T T T T LI ) T T T LI I I T T
102 103 107

Production energy per cubic metre, Hp.p (MJ/m3)

Figure 16.9 A selection chart for strength with minimum production energy. It is used in the same
way as Figure 4.4.
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Qual a energia incorporada no processo?

Granulos de PET tém um valor definido de “energia
incorporada”. Eles sao transportados (gasto energético) para a
fabrica, que consome energia nos seus equipamentos de
processo para fabricar garrafas. A soma destas energias
compOe o total de energia gasto pela fabrica para fabricar
garrafas PET. O valor do gasto energético total dividido pelo

peso de garrafas produzidas € a “energia incorporada” do
produto.

co; cO |
‘é, PET granules 2 S - Bottles
_ ,s\"‘ (with embodied L (with embodied energy
s energy) per unit wt. of botffes) o
Bottle -
Total plant . . »
/E\ plan molding [ - X
. (A per hour plant q -
Transport N -
GW Mgl ) ¥
m} m} (m]

> Energy entering plant per year
(H p) = -
PETbottles  Mass of PET bottles shipped per year




Estratégias para guiar um projeto sustentavel

m Passo 1: Procurar método rapido e preciso para guiar o processo de deciséo
— ferramenta de projeto

Aumentando detalhne, custo e tempo deACV....

Eco- —»  ACV —»  ACV — ACV
screening dimensionamento simplificado “completo”
Minutos Horas Dias Anos

= Passo 2: Procurar medida Unica para tensores ambientais: energia ou CO,?

Energy break down

m Passo 3: 100
m Separar as fases de vida de um = %
: - . > X 9
produto e identificar as fases criticas, S =i )
: &= o) Y
exemplo em termos de energia |® © ~ 2
. : Q & 4 Q@ N
dispendida. = - ST
© >
m Como medir a energia gasta na fase S 0 §
2 U] & :
uso? E no transporte? i_l &

o

mE depois que o produto € descartado?
12




Consumo de energia dos produtos

Qual é a fase critica de gasto energético de cada u

o Energy fraction (%) §

Mat. Manu.

Civil aircraft

Us

Multi-storey car park

e Displ.

-—

o Energy fraction (%) S

m dos produtos?

Family car

=

Appliance (vacuum cleaner)

s — B I

TRy SIS R

| |

Mat. Manu. Use Displ.

o
Mat. Manu. Use Displ.

Private house

— ——

Mat. Manu. Use Displ.
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Mat. Manu. Use ﬂpl.
Carpet
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Mat. Manu. Use lpl.



Estratégias para selecao de materiais sustentaveis
(energia)

Decide which
phase to target

Material production?

Product
manufacture ?

Product use?

Product disposal ?
. 4
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Estratégias para guiar um projeto sustentavel

= Porque usar como tensor ambiental a energia ou CO

o Kyoto Protocol (1997): reduzir gases efeito estufa

o Praticalidade: CO, e energia séo relacionados entre si e sdo bem

entendidos pelo publico em geral.

Carros: Energia em uso ou CO ,

Parametros usados:
Combinado: 6 — 11 litros / 100km

Emissdo de CO ,: 158 — 276 g / km

15

Aparelhos da linha branca: Energia

e —

~A

Classificacdo de eficiéncia: A
Volume: 0.3 m 3
Energia: 330 kW.h/ ano




Emissao de carbono

Concern 2 Energy consumption and CO2 emission

1010'
CO; to atmosphere / year ‘
s Steel \ -
> oncrete
; m/ o’ Paper and
o 5 /Cast iron arboa 20% of all
s 10 bon t
£ :\ Al alloys carbon to
o ¥ atmosphere
.qc’ \ Cu alloys Wood
8- v Zn all
n alloys
E 108 o ys /Qlass /
= Mg alloys / 3Utyl rubber [
L o 98 g Brick
N Ni alloys PS— , o /
Q o Phenolics _ " 8 .
2 107 s D _aps—8 u
e i  Pballoys /
c Natural rubber
< : /
< Ti alloys
" Metals Polymers Ceramics Hybrids
1074 ' MFA 08

Carbon release to atmospherecaused by theroduction of materials is estimated by the embodied energy of the
material (energetic matrix). If you want a big change in tbhatabution of material production to the CO2 problem, we
should focus on these materials.



Producao de materiais (toneladas por ano)

Alguns recursos séao finitos

1"
10 Concrete
QOil and coal l
10

10 7 Wood || Cement ul
) Steel j —
8109__ il e e o s ! S T T e i i o, ---B B 4 ___j___!t__ I——
'S Glass
& - P _/ Natural
c e T S o ol e ] s e e e = - - - L - - R ——
e ¥PVC kP _/ Man-made

fibers

8107_ ___________________ = S - - N - _"[7____
5 Pb alloys
= Ni alloys
'§.106_ : Mgalloyé'"' i - - ==
ke Ti alloys
S 10° | Rl S - - o - o e e & & =
= Silver C-fiber
S s B B-m---11 H-B-B-H-H3-n-
g 10% - o
<

103 B B - B- B -E- N- . SN -1 - - -1 - -B -

102 MFA 07
Natural fibers: cotton, silk, wooal, jute (1995)

Man-made fibers: polyester, nylon, acrylic, cellulosics
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ACV e o projeto sustentavel

Necessidade
do mercado

Descricao
do problema

|

Ferramentas
para guiar o projeto

’[ Conceito

III’

]4} ........ _

"[ Formatacao ]<

[ Detalhe

Espeficicacao
do produto

'

|

Manufatura
e distribuicdo

]----» ACV
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Ferramenta para analise do
produto



Estratégias para selecao de materiais sustentaveis
(energia ou emissao de CO2 ou gasto de agua)

Decide which
phase to target

\

Material production?

Product
manufacture ?

Product use ?

Product disposal ?

>

Y

Y

!

Y

Material
production

Product

manufacture

\

Minimize energy
per unit of function

Minimize CO2
per unit of function

Minimize indicator
per unit of function

Seek minimum

energy process

(Seek minimum
emissions process)

(Seek minimum
waste process)

Product
use

Minimum weight
design

Design to minimize
heat loss

Design to minimize
electrial losses

o

19

Product
disposal

Choose
recylable materials

Choose biodegradable
materials

Exclude.toxic
materials




Estratégias para selecao de materiais sustentaveis

m Que ferramentas devo utilizar para um projeto sustentavel?

m Exemplo: embalagens para liquidos

Vidro PE PET Aluminio

m Objetivo:

Analisar o peso da energia consumida ou emisséo de CO, de
modo rapido e eficiente.

20



Avaliacao ambiental (Analise de Ciclo de Vida)

m Separar as fases da vida

1. Producéo do material: a energia incorporada

2. Manufatura da garrafa: a energia de processo

3. Transporte e uso

V 4. Descarte: coleta, reciclagem, energia recuperada

Garrafa PET para a analise, sdo necessarios dados locais e genéricos.

21



Energia incorporada no material e no
processo

CO, CO
NOy, SOy

Ol derivatives

Dados genéricos

Energia do material MJ/kg

= banco de dados de energia
de materiais

Energia de processo MJ/kg

= banco de dados de energia
de processamento de
materiais

-

1 (with embodied L
S energy) <
A
Total plant PET &M
ener :
L . production [ Jl>
plant PET granules
Transport (with embodied energy
(MJ kg.km) ) perkgfor PET)
CO, CO
NOy SOy
i L]
— Bottle Total plant
molding < energy
3 (MJ per hour)
Bottles plant o e
(with embodied energy Transport TRANSPORT
per unit wt. of bottles) (MJ kg.km) =0 o

22

. = Frete aéreo

Transporte MJ/ton.km
0.11-0.15
= Barcaca (rio) 0.75-0.85
0.80-0.9
09-15
8.3-15

= Frete mar.

= Frete ferrov.
= Caminhao




Energia de transporte, uso e final da vida

1. Producao do material: a energia incorporada
(lista de materiais e banco de dados)

2. Manufatura da garrafa: a energia de processo
(lista de processos de fabricacao e banco de
dados)

[TITIT] |‘ ] !|“| T

AT [ nh .|.. I I.I

[ Illllkllh!'l IIIIII bbbl
Y —— 7 \ 4

O g Qa0

3. Transporte: energia gasta no transporte de
pecas e produtos até descarte final.

4. Uso: Energia gasta durante o uso da garrafa
(refrigeracao)

i “ 5. Descarte: coleta, reciclagem, reuso?

) energia recuperada?
" \\‘

23



Descarte e reciclagem (potencial de uso)

CO, CO
& 22

N1
' Bottles
g ! (with embodied LJ )

- energy) Impure PET granules

(with embodied energy
PET per kg for PET)
/=

Total plant
energy
(MJ per hour)

> recycling E:>
plant

Plastics recycling plant

( _ )
1. Inspection

2. Chopping

3. Washing

4. Flotation-separation
5. Drying

6. Melting

7. Filtration

8. Pelletizing

9. Packaging

10. Plant heating, lighting 3

Total plant energy
(MJ per hour)  __J/\

[ l ; I o Transmrt
I‘- seinhiddhibih
TRANS| f.“ AT (MJ kg.km) J
Carpet and fleece g
(with embodied energy) Plant for
use of
e
recycled
PET Transport
! (MJ kg of input)
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Porcao reciclada de algumas materiais (commodities)

1.0

Metals Plastics
"S" Lead
B 0.8 - mmmmmm e m s
=
w
c
o
Q
D TG [ o i R o A S o T o R
3
c
-é 0 Steel Alu
S Copper
R
s N B . oz W oeer
g
2 HDPE
PS  pvc
0 I_I —

Que setor se responsabiliza pela coleta seletiva no Brasil?
Por gue nao profissionalizar o servico?
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Energy (MJ)
« 8 8 8 8

g

5

Analise de ciclo de vida - Cambridge engineering
selector software

User inputs

User interface

“ Bill of materials

- Manufacturing process
" Transport needs

* End of life choice

Eco audit

model

Energy

Qs
[
By

£

Analyse
outputs
(including
tabular data)

Challenge
critical phases

Carbon emission (kg)

Data from CES

Eco database
Embodied energies
Process energies
CO2 footprints
Unit transport energies
Recycling / combustion

_536 Carbon
& @
> g
A A 5 @
& A
& ) Q,oé'
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Energy (MJ)

Analise de ciclo de vida

= Distinguish life-phases of components in terms of energy
consumption and equivalent CO2 emissions

N
X
600 = 16 <
N >
400 @ ) @ & Q
& 12 S Q“e
"? 10 &
300 @ . Q&“b’
Q o
200 Q 3 >
& s ¢ S S
100 §‘b~ §g % 4 Q%Q
> X 2 >
0 > K N N N < X
S & & & ¢ N o; &5\
-100 & N \%Q &) 2 o \%Q Ve
9 Q Q P
\ =

This is the life-energy and life-CO2 These are potential benefits
(as prescribed in ISO 14040 and PAS 2050 (could be recovered at End of Life)




Exemplo da garrafa PET: ferramenta de avaliacao

Entradas do usuario Recuperado do banco de dados
Materiais Material energy MJ / kg
= PET body 389 . = Embodied energy, PET 85
= PP cap 59 P, - -
AT = Energy to blow mould 11
Manufatura i S
= PET body moulded 38¢g | Sainsburys .
“PPcap moulded 5g ' g Transporte, MJ / ton.km
\ = Sea freight 0.11
Uso - Truck 1.3
= Refrigeration 5 days
= Transport 200 km
- NI
‘ /4 - N
i = 3
Descarte Refrlgeragao, MJ / m 3.day
= Recycling ? Vi = Refrigeration (4 °C) 10.5
= Transport 15,000 km = Freezing (-5°C) 13.0
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Exemplo da garrafa PET: ferramenta de avaliacao

Blow molded

= 100 bottles

1 litre PET bottle with PP cap

Filled in France, transported 550 km to UK

Refrigerated for 2 days, then drunk

Number  Name Material Process Mass (kg) ndeof life
— p—— r—r
100 Bottles PET v Molding v 0.04 Recycle ('Y
— — r—w-
100 Caps Polyprop v Molding g 0.001 Recycle N
| ey p—
100 Water v v 1.0 v
Transport
Stage 1 14 tonne truck @ 550 _km
Use - refrigeration
Fossil to electric] 0.12 KW E]_ 2 days 24 hrs/da;J




Matriz energética dos paises: afetam a emissao de
CO2

Power needs in 2050 0% 100% What's the distribution
Global today: 2,200 GW electrical of sources?

Rising population x Increasing GDP = 3
times today’s needs

25
All built in the next 40 years

& %
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> %
cgo 50 506
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./ Low fuel
Japan y dependency
° o Germany _

© United States _
o © Russia ‘ -oCanada
United Kingdom _
China :
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100% n Denmark i Keny::\ s Norway \, 0%
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Analise do ciclo de vida de uma centena de garrafas
PET: energia ou emissao de CO,?

400 4 )\
200 r The audit reveals
p
- the most energy
— E and carbon
™) 100 . .
= 0 _Intensive steps...
>
%—IOO
End of life
Lﬁ -200
Materiall Manufacture Transport Use
S
100% virgin PET
with recycling _
“What if...” ?
12
10 q——— t!x
8 et
6
S -
X > '
cC o
S -
c End of life
Q =
Material] Manufacture Transport Use
e/
100% virgin PET
with recycling




Exemplo de mudanca de materiais para garrafa

= 1 litre glass bottlewith aluminum cap

= Glass molded
= Filled in France, transported 550 km to UK
= Refrigerated for 2 days, then drunk

"
P Glass bottle ‘ Compare with... v Il Clear | Open | Save

Number Name __ Material Process Mass (k End of life
100 Bottles Soda glass (¥ Glass mold ¥ 0.45 _01 Recycle |W¥
100 Caps Aluminum hd Rolling ¥ 0.002 Landfill ¥
100 Water v v 1.0 v

Transport

Stage 1 14 tonne truck 550 km
Use - refrigeration
Fossil to electric 0.12 kW | » 2 days 24 hrs/day




Acoes e comparacao: PET x vidro

Energy (MJ)

Comparacgao permite
criar guias para melhor
projeto.

% Como reduzir impacto energético?
-200- e Como reduzir a emissao de C0O2?
Material Manufacture Transport Use Disposai~Sol potential

-100 % Change  +100

Virgin PET M Product: PET botttle 1 0%
Product: Glass bottle e +86 % Use as large a 'recycled
_ content' in the material as
€02 Footprint (kg) possible.
Use PET?
= 30
20-
Glass 10- Analise deve ser mais
- . cuidadosa, pois garrafa
0 - — 77 de vidro podera ser
o reciclada mais vezes do
Material Manufacture Transport  Use Disposal Eol potential que a garrafa PET
-100 % Change ~ +100
M Product: PET botttle I 0%

Product: Glass bottle e +149 %



Modelando a garrafa: vaso de pressao

] a I i R
Tensdo circunferencial 5= PR _

t y
e ) = Energia incorporada por unidade de area de parede
-— —> 1, Embodied energy / kg
Pressure i
_PR H of material
—» ~o=5% E =tH, p=pR mP
—— —

-+ Wall : . 0-
\/\/Jtmcktness = Achar material com maior LE y
<—R—> Mmenor energia

g H. P
Variavel livre: t = Comparar com material com maior,
LE e menor custo _y



Selection to minimize embodied energy

First apply constraints, then use index to optimizechoice

2004|Minimize emhadied enerav 2 ey e ] Bio-polymers
© are colored
% -~ green
Z RestricOes da garrafa
e = Ser processada por moldagem
% § = Ser transparente ; translicida
G
£ 3
g ) f S & TPS ~ PE ) > 1 L ’
% 10‘2 """"""" lonomer (1 """""" """

20600' | | 50000" - 1'00000" 2oooooi

Embodied energy, primary production * Density

PLA meets the constraints at lowest embodied energy



Yield strength (MPa)

Selection to minimize embodied energy

Minimizing embodied energy [ 1| Bio-polymers
Nylons, PA , are colored
' green

100-----~i;=ff15{ --------------------- ;:g&ﬂf—} ------- PC ---------

Epoxies

o
Q
1

20 e : ............ :. ........... = 0 g

Ionomer

1047~ cgmerenennne oy AT s e R aa

S0000 ' ' ' ‘ IDDE]UD 200:300 ' ' SUDE)UD
Embodied energy* Density

PLA meets the constraints at lowest embodied energy



Selection to minimize cost

Can't ignore cost

-~ ; ' i ' (.

___ 20071/ Minimizing material cost / ¥ P4 o s Bio-polymers
© . : S : : o i

% ' ' % ! ' : | are colored

: : green
100+ gl o R i e W e e e 73{ """""""" 1nereasmg
Nyions PA } -
flY=sssiybassevuniiyses e oxaunilb e QU E ESEREEasoEenS é"'/:/ “““““““““ il
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|
|
>
M
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.
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¢
g
i
|
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¥
|
g
;
§
h
»
-
‘
#
-+
§
§
'
|
|
§
;
g
]
-
b
‘
i
B,
b
g
8
S
§
¢
§
g
s
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§

i 7 i i
i [ i
10 ’ = 0 e o o o o o o e e o
e [ ; 8 '
i § v ¥
. i #

Yield strength ( elastic limit)

' 1-0(1100 20600 ' ' 50000
Price * Density

PET meets the constraints at lowest cost



Aplicando estratégia para projeto sustentavel

1. Analise

2. Estratégia

,
Energia por fase de vida
Producéao
Manufatura 5
Uso Q

i
Descarte M = —

. |

|

:

!

l

Material

Manufatura

Minimizar:

* Energia
incorporada.
* CO,/kg

Minimizar:
* Energia de
processamento
* CO,/kg
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Minimizar:

* peso

* CcONsSuUMo energia
(combustivel)

Descarte

Selecionar:
e reciclavel

e materiais nao-
toxicos
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