(SO

L §$S DI G I T A L

Environmental Materials Information
Technology

- www._lIsdiaital co kr




Granta’s Materials background

« Granta’s history

* Founded in 1994(in korea 2008)
* Professor Mike Ashby, University of Cambridge

« Technology firsts include

» Materials selection technology (Ashby charts, performance
indices, cost per unit of function...)

» Integrated materials data management for the full materials
data lifecycle (with the MDMC)

» Software-based teaching of materials engineering

 Ownership

» Founders & employees AT ICNSY
» University of Cambridge o
» ASM International — the world’s largest professional society LT (L

for materials engineers (~40,000 members)
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The materials information technology experts
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Granta’s Materials background
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Partnership with customers
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Partnership with customers

Two key current focus areas:
Today’s topic

Eco design for low energy, low carbon footprint...

Restricted substance regulations (e.g., REACH)
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(z 55 (_D’ HONG KONG — The Chinese government is continuing to block

X‘” =< AL UK carbor! label goods sales ‘pass £2bn-a-
o T year mark

By Mark Kinver

Science and environment reporter, BBC News

/| /\ I jl |‘ /\_I ‘ |- Sales of products carrying labels that show
— O O the goods' carbon footprint are set to pass
£2bn a year, say the scheme's operators. .
The Carbon Trust, which oversees the .
j ) |_ :| =l T I_ j accreditation programme, says nine out of 10
| D H jl |' 1= a O 1= dl | UK households bought a carbon-labelled
— product in the past 12 months
Launched in 2007, the scheme covers more
than 90 brands and 5,000 products, including
asia, bread and shampoo
/\XH ] I|__,_O_| O| j|.5_3._/\-| ’ ’
—4 = — o O Cntics question whether such schemes change

E{]#Kl'-w ‘Hﬂfk Eim people's purchasing behaviour

China Still Bans Rare Earth to Japan

3 A L

The rare garth metal lanthanum is poured into molds at the Jinyuan smelting workshop near the town of Damao In China.

By KEITH BRADSHER
Published: Noyvember 10, 2010

1 T

Ls D16 TAL shipments of crucial strategic minerals to Japan, according to
KIETERIAL: INTELLIGENGE industry executives, analvsts and a Japanese official.
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Project Funding Trends by Commitment and

Expenditure of Lifecycle Cost (LCC
85% of life

100 —x
e cycle costs and
i omimitted
\ .
oy ks 3 environmental
= \
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LZ:C S0+ LCC Cost Reduction Peiids Into prOdUCtS
Opportunity E ded . .
et during design
25 — Environmental
impact
= 80% —
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¢ = >
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creation
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Recognising low data precision

Are they significantly different?

Data precision  +209%

Are they significantly different?
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Embodied energy (MJ)

E —I__ 20%
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design decisions
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Restricted Substances - Introduction

« A wave of hazardous/restricted substances regulations:

« COSHH, WEEE/ROHS, Seveso, REACH, ...

« 30 different regulations in Granta’s database (so far)
* EU, UK, USA

* Regulations are continuously evolving

« Failing to keep up has $$$ implications:

« Extensive “fire-fighting” assessments at very short notice

» Failure to get products approved

» Expensive late-stage modifications or materials substitutions

« High clean-up costs

ORGANIC
PEROXIDE

« REACH - major business implications for many
industries

INHALATION
HAZARD

MATERIAL INTELLIGENCE




Europe

EC Regulation 2037/2000 (Ozone
Depletion)

EU Directive 1996/82/EC (Seveso Il)- EU
Directive 2003/105/EC

EU Directive 1999/13/EC (Solvent
Emissions Directive - VOC)- Directive
2004/42/EC

EU Directive 2000/53/EC (ELV)
EU Directive 2002/95/EC (RoHS)
EU Directive 2002/96/EC (WEEE)
EU Directive 2005/32/EC (EuP)
EU Proposed Directive COM2004(320)
ASD/SAE-STAN 9536
REACH
- Annex XIV - Authorisation List
e- Annex XV - SVHCs
- Annex XVII - Restrictions
o- EINECS list
o- ELINCS list
o- Pre-registration
o- Registry of intentions

&S & Candidate List

LLLLLLLLL
MATERIAL INTELLIGENCE

Restricted Substances Reference Database

USA

Clean Air Act (CAA)

» - Ozone-Depleting Substances Pro

+ - US Air Toxics Regulations (NESHAP)
CERCLA/SARA/EPCRA

+ - EPCRA, Section 302, EHS TPQ
 -EPCRA, Section 313 TRI

+ -EPCRA, Section 304, EHS RQ

National Toxicology Programm (NTP) -
Report on Carcinogens (RoC)

National Waste Minimization Program -
Priority Chemicals

Persistent Organic Pollutants List (POP)

Severely restricted pesticides, Prior
Informed Consent (PIC)

US Department of Homeland Security
(DHS) - Chemicals of Concern (CoC)

US EPA 33/50 Program (EPA 17 materials)

Asia
China RoHS



The important questions

Critical business questions:

What restricted/hazardous substances are used in your products?
Either in materials, or in their processing?

What current legislation on restricted substances affects your products?
In your country? Abroad?

What future legislation will affect your products?

Associated information questions:

What are all the materials that all your products are made from?
What processes are used to manufacture and maintain each component?
What restricted substances are used in each material and/or process?

= What materials information technology solution
is needed to answer these questions?

LLLLLLLLL
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Inside the Restricted Substances Database

102HH
A2MEE

= B 5 MaterialUniverse
7 Ceramics and glasses
L2 Hybrids: composites, foams, natural materials
=] Metals
= =& = Polymers
(53 45 Elastomers
% Thermoplastics
= ‘=2 F Thermosets
] Allyl Diglycol Carbanate
foxy
F (Melamine Farmaldehyde)
F {Phenol Formaldehyde)
(Folyimide)
olyester
UR (Polyurethane)
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= B & Restricted Substances

= B & Legislations
= 35 EU Directives
B 5 EC Requlation 2037/2000 on substances
= EU Directive 1996/8 2/EC (Sevesa |l
B 5| EU Directive 1393/1 3/EC (Solvent Ermissio

B 7 EU Directive 20006 HEC (ELV

B 7 EU Directive 2002/35/EC (RoHS)

B 7 EU Directive 2002/96/EC (WEEE

B 5| EU Directive 2005/32/EC (EuP)

E = EU Proposed directive COM2004(320%

B 5| Framework Directive EL) 96/62/EC

B = Propogsal Directive relating to restrictions o
| REACH (Redistration, Evaluation and Auth
| International Pratacal
5 US Directives

= 0-9

== A
B 5 Armixture of: 4-[[bis-(4-luorophenylimet
B = Amixdure of: N-[3-hydroey-2-(2-methylac]
B 5 Abarnectin [F1751-41-2]
B = Absorption oils, bicyclo arom. and hete
B = Acenaphthene [83-32-9
B = Acenaphthylene [208-96-8
B = Acephate [30560-13-1
B 7 Acetaldehyde [¥5-07-0
B = Acetaldebwde, trichloro- [T5-87-6]
B = Acetamide [60-35-5
B = Acetamide, M-(2-methylphenyl-, reactio
B 7 Acetate, 5,5%bisoctylmercapto-, dibutylti
B = Acetic acid [4-13-7]




Contents of the Restricted Substances table

Hydrazine

Click on a heading to show/hide the sedion, Sections: Show | Hide
§ v |

General Information a
Chemical Abstracks Service Mo [CAS No) 302-01-2 E4
EINECS Mo 206-114-9 @'
Malacular farrula H4N2 B4
Comrmen farmula [H2ZM-NH2) E4
Synonyrns @

Amerzine} Diamide; Diamine; Diamine, hydrazine base; Hidrazina (Spanish); Hydrazine base; Hydrazyna (Palish); Levoxine:

Mannital mustard; Oxytreat 35; SCAY-OX; SCAV-OX 35%; SCAV-OX II; Ultra Pure; hydrazine anhydrous
Colour of the substance colourless 4
smell of the substance ammaniacal ador E4
Last Updated 27 May 2004 B4
EHRS b4
Classification Categary Probable Carcinogen (Cat 2) B4
Environrnent Dangerous for enviranment @
Health Toxic 4
Risk Phrases 45-10-23/24/25-34-43 £
Safety Phrases 53-45 Note E e
Typical uses B4

A nurnber of different reducing agents have been used in preparing eledroless nickel baths, including sodiurn hypophosphite,

arninoboranes, sodiurn borohydride, and hydrazine,

Hydrazine Baths, Hydrazine has also been used to produce eledroless nickel deposits, These baths operate at 90 to 95 °C

(195 to 205 °F) and 10 to 11 pH, Their plating rate is approximately 12 m/h (0,5 milfh). Because of the instability of hydrazine

at high termperatures, however, these baths tend to be very unstable and difficult to contral,

Reducing agent for many transition metals and some nonmetals (arsenic, selenium, tellurium), as well as uranium and

plutenium; corrosion inhibitor in boiler feedwater and reactor cooling water; waste-water traatment; electrolytic plating of metals

on glass and plastics; nudear fuel repracessing: redox reactions; polymerization catalyst shortstopping agent; fuel cells;

blowing agent; scavenger for gazes; drugs and agricultural chemicals (maleic hydrazide): campanent of high-enargy fusls:

rocket propellant,

Because of its strong reducing capabilities, hydrazine is used as an intermediate in chernical synthesis and in photegraphy and

metallurgy, It is also used in the preparation of anticorrosives, textile agents, and pesticides, and as a scavenging agent far

oxygen in boiler water, Hydrazine is widely used in pharmaceutical synthesis, Itis also used as a rocket fuel,

Hydrazine and its derivatives have numerous commercial applications, It was used initially as rocket propellant During World

War II, it was used as a fuel for racket-powered fighter planes, Hawever, the mast impartant applications of hydrazine and its j
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General Information:
Reference No (CAS and
EINECS), Formulas,
Synonyms & Trademarks,
Color and Smell, Last
Update

EH&S: Environmental,
Health and Safety Impacts

Uses: Typical process &
use

Alternative substances:
Information on possible
alternative substances

Sources: Web sites and
book references

E
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Key Issue: Material-Product Linkage

Most aspects of Eco Design require information about
articles, materials and processes, simultaneously.

Eco Design:

« REACH reports
* End-of-life policy
« Eco Audit

Materials Processes

I{ ebyintering enterprises, information about products
is'storéd in a BoM in a CAD, PLM or ERP system



Example - REACH Article 33 Compliance

REACH Article 33: Any supplier of an
article containing substances of very high
concern (SVHC) has to provide the
recipient of the article with the minimum

amount of information required to allow safe ';QE ACH
use of the article (within 45 days of request) Article 33
Report

Generating Article 33
reports on existing
products quickly = $$$

Restricted
Substances

N—

Generating prototype
Article 33 reports at the l
design stage and avoiding 1

REACH issues altogether CAD/PLM || Materials info system

= $555PHEHH ! 1
SO !
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Sﬂﬁranta MI - Teamcenkter 2007

File Window Help

& EBack # Granta MI

Getting Started | My Teamcenter | *PSE

=17 =]

UGS Teamcenter

T A1200j8;1-Rear Assy

AP Getting Started

ﬂ My Teamcenter

E Schedule Manager

CAE SE

Yalidation

ﬂ Granta MI

a': StructureMap Builder

|'|ter Item IC ko Search b
Quick Links Customize &
ﬁ Horne »
& My Worklist b
), My Saved Searches »
& 1y Links »
C pen Items .
History -

Granta MI integration for Teamcenter

Product structure with materials infarmation

g A1200081-Rear Assy (viewd x 1

F g A1100-181-Wheel Attachment Assy, left (view) =1

= g o A1020-UA1-Wheel Assy, left iview) x1

S 48581-2i%1-U-joint %1

S 4835358:1-5tub axle x1

C275478:1-5tub axle pin x1

- 4354-1A:1-5tub axle carrier, left %1

Ca116M8:1-Ball hearing, 5x11x4 %1

C1654-10A41-Wheel hub x1

S 48T 2is1-Wheel x1

S4BT 3-8 -Tyre, left x1

CTTATHIAT-Mut, 4 %1

= g A10300A;1-Upper Camber Rod Assy (view) x 1
274 2H-10A1-Rod end %1
G 4841-1is1-Upper carmber rod %1

8

G 2553081-Screw, 3x15 S5 M (HDY %1

(P :27a2x-2081-Hollow hall 31

(3 :4850-UA:1-Suspension arm, rear, left x1

(G 4838-2i81-Suspension screw, x40 x1

G 4838-1ia1-Suspension screw, 3x26 1

= g 4260081-Shock Absorber Assy (view) x 1

G : ATET-1is1-Shock Cap %1
(3 :1765A:1-Silicone diaphragm x 1
(3 : 37TES-20A1-Pistan head 2-hole fview) x 1
G : 4262TIA1-Shock shaft %1
(A : a7E4AA1-Body, Ultra Shock x1
(G : 37EA1-Spring pre-load spacer ¥ 1
G ATEE-1-101-Spring retainer, upper (view) %1
 : 23628:1-Shockwashers x 1
(P : 3TET-2iA1-5hock hottam %1
0 426TIA:1-Spring %1
G : 2362i81-Shockwashers ¥ 1
1 : ATES-1-208:1-Spring retainer, lower 1
A - A0d A Dael el aed

B Low alloy steel, A151 3140 (hormalised)
B Low alloy steel, AISI 3140 (normalised)
B Low allay steel, A151 3140 (harmalised)
B Low alloy steel, A151 3140 (harmalised)
B Low alloy steel, 151 9310 (harmalised)

B Cast magnesium alloy (RS0
Mitrile Rubber (HBRD
B Low allay steel, AIS1 3140 (narmalised)

B Low alloy stesl, A151 4037 {empeared i@ 205 <, 0il guenched)

B Low alloy steel, A151 3140 (harmalised)
B Low alloy steel, A151 3140 (normalised)
B Low alloy steel, 2151 9310 (hormalised)
B Epoxy SMC (Carban Fibre)

B Low allay steel, 151 3140 (harmalised)
B Low alloy steel, A151 3140 (harmalised)

B Carhan steel, AIS110158 inormalised)
Eccosil 4122 (SIL) - Silicone Elastomer
B ‘wrought aluminium alloy, 2519, TET
B Low alloy steel, AISI 9310 (normalised)
B Carhan steel, AIS110158 inormalised)
B Low alloy steel, A5 9310 (harmalised)
B Low alloy steel, 151 9310 (harmalised)
B Low alloy steel, A151 3140 (normalised)
B Carbon steel, AIS110158 (normalised)
B Low alloy steel, A151 9255 (annealed)
B Low allay steel, AIS1 3140 (narmalised)
B Law allay steel, 151 9310 (harmalised)

Unregulated
Unregulated
Unregulated
Unregulated
Unregulated

Unregulated
Regulated
Unregulated

Unregulated
Unregulated
Unregulated
Unregulated
To be phased out
Unregulated
Unregulated

Unregulated
Unregulated
Unregulated
Unregulated
Unregulated
Unregulated
Unregulated
Unregulated
Unregulated
Unregulated
Unregulated
Unregulated

- TSR | P Wy S B ued B N g T e 0 P g By S | o i SN { [RPP I PP (gs F T A TR |

|;|c|




Dynamic EH&S Rating

banned —+ Legislation
Matenal X f Phased out \_EPA
banned
Substance Y regulated REACH
banned ~ California
China RoHS
regulated

\ User-specified

N\ Regulations
Submarine
Surface
Manned Space
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Source of Restricted Substance

Substances
incorporated __] Chem 1 - banned
Materials \ Chem 2
banned - Mat 1: waste Chem 3
Mat 2: | Chem 4
Mat 3 off-gas ~Chem 5 — phased out

Chem 6
Chem 7

~Chem 8 - regulated

process

User-specified
Substances

NChem XX1 - banned

Chem XX2

Chem XX3

LLLLLLLLL
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Report Concept

Froject: xxXXx

Print date; M 7 08 f Wldx

Uzer ID:

Summary

Material Name Material ID Summary Rating
Material #1 Material (O £#1 Banned
Material #2 Material 10 #2 Regulated
haterial #3 Material 10 #3 Unrestricted
haterial #4 Material [0 #4 Unrestricted
Material #5 Material |0 #5 Fhased out
Material #1 — Detailed breakdown

Substance . . . . . .

Name CAS Summary Legislation 1 | Legislation 2 | Legislation 3 Category
Subs #1 KR K Banned Banned Phased out Unrestricted Wyaste
oubs #2 KA A AR Restricted Restricted Unrestricted Unrestricted | Incorporated
aubs #3 KA ER Restricted Restricted Restricted Restricted Offt-gas
oubs #4 KAAAR | Phased out Restricted Unrestricted Phased out | Incorparated
Subs #5 W | Unrestricted Unrestricted Unrestricted Unrestricted Frocess
Material #2 — Detailed breakdown
Substance . . . . . .

Name CAS Summary Legislation 1 | Legislation 2 | Legislation 2 Category
mubs #1 HAHKR Fegulated Regulated Phased out LInrestricted Waste
aubs #2 KA ER Regulated Regulated Unrestricted Unrestricted | Incorparated

(55 q aubs #3 KA AR | Unrestricted Unrestricted Unrestricted Inrestricted Off-gas




Template process for

Substance Declarations from Suppliers

E.g. SAE A9535 Excel template (partial or full declaration for
materials and bought-in Components):

=k
A 7 s 7 & 7 B8 | € | F & 7
1 TR 9535 - Substance Declaration Form
2 1.Req tor Hem # 2. Supplier tem # 3. Supplier kem Hame
3|0 0815-0814 Bondo-stik o ]
4 |4. Prepared By: * 4a. Preparer's Title 4b. Preparer's Phone 4¢. Preparer's Email
5

5. Weight of Hem, as
Delivered, excludes
packaging (Actual weight, |5a. Unit (Drop Down

| & |not shipping weight - }* (Lbs /Kg}

7
Hote: Additional requests for information to your suppliers of chemicals beyond MSDS data may be required to
accurately complete this Substance Declaration. Hot all substances will be identified on an MSDS. Also,
proprietary constituents and % composition ranges listed in an MSDS may not be accurate enough for this
- declaration. We recommend using this same standard format for those requests down your suppply chain.
4 |Please return to Question 24 on the General Information page after completing this page
10. Will this
9. Weight suhs‘ta!'lce be
7. EC (EIHECS or Percent | PreTegistered _
ELINCS) Humber {For ranges by you between 1241tk
6. CAS Humber (preferred) (If CAS i not report *| 1 June and 20 11. Registration | substance
Enter number without available) 8. Chemical Hame typical Hov 200872 if yves, Humber a polymer ?
dashes BT S it (mode} check the IJ_ox (if available) Check for
dashes value, HOT corresponding yes.
the range) fo:those
substances
o being declared.
11 Total Wt %
12 31.50
Vi F - .t;_-_’:@g ] r =
14 . 2000018 24 v’ [1112421,9 l
15 75014 i [iirylchior 157 L Ie !
16 132755 [Fi5ema jatsenic D il =
1T
18 s |
18 i —
0 | u
21 |l i
22 | Ir:
23 i =
P - 24 Imi u
& ); U) 25 ! | L} |
L §$ DI 61 TAL e L - il - ; = = =
I4 4 |» ¥4 General Information 4 Declarable Substances 4 TR 9536 Detailed CAS List 3 Full Disclosure / JLI
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Objective

 Provide a Tool to enable Designers to assess the
Environmental Impact of a product during the
Design process

* Minimize environmental impact
* Trade-off environmental impact vs cost and performance
« Comply with legislation (EuP, REACH...)

LLLLLLLLL
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The material lifecycle

r A

Energy

Feedstocks

- = Product

e manufacture
N J \
/ + \
/ \

Natural I Material Product
production use

Y \ / Y

b 30 \ / (8
p HH Va P
“ 7 \ ’ A 7,
Product
Emissions disposal
(5),  *COzNO, SO, {

2\ :
5 7, e Particulates BT;
N / ;
_‘AL » Toxic waste 0y Hi EHH"

L 8D ¥ &N T AL
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Full LCA time consuming, expensive and requires great detail —and

L

-

Aluminum cans, per 1000 units y

* Dzone depletion pofential
* Giobal warming pofential
* Acidification potential

 * Human toxicity potential

Bauxite

Oil fuels

Electricity

Energy in feedstocks
Water use
Emissions: CO,
Emissions: NO,
Emissions: 50,
Particulates

59
148
1572
512
1149
211
0.2
1.1
1.8
24T

kg
MJ

M.

FEZEEEE

0.2 x 107
1.1 x10%
0.8 x 10°
0.3 x 10°

even then is subject to uncertainty

What is a designer supposed to do with these numbers?

LLLLLLLLL
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Eco-auditing — the idea

100

Product or
Product Design

—

LLLLLLL

Energy fraction (%)

=}

i

Mat. Manu. Use Displ. Total

T



Eco-auditing — in practice

Ciwvil gircraft Family car Appliance (vacuum cleanear)
100 — - —
2 & |
e b .-:_I
5 . =
I'g =
i S~ —_ B - B e b
9 Mat Manu. Use Displ bdat. Manu. Use E?'ilq:ll- Mat. Manu. Uss Els]:ll-
Multi-storey car park Private houses Fibers [Carpet)
100 5 = T
2 DB .
g | .
E e
o |- - et e
g e e
i oo o . . Hus |_T'|
Mat Manu. Use DOispl Mat. Manu. Use Dispi. Mat. Manu. Uss Epl

LLLLLLL
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The Eco Audit software tool

Uszer interface ! Eco database

" Bill of materials " Embodied energies

® Shaping processes " C0g footprints

" Dty cychke " Processing energies

" Transport nesds ¥ Associated GO

bl = | S ] " Lnit transport ensrgies

Energy audit |
[ model
0o / i it
E _ Tabular data
é ¥ Life-phase energy
F ® nput data
E‘ ! * Calculation steps
L = "
s

LLLLLLL
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Validation — a hair dryer (an EuP)
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Typical output

500

400 ol (RN ESCLe MR RS

ool OO O |- e

200+---------Packaging -----—--1 - e mm e e e e -

00 - e e o N
Transport

(sea freight)

M,
nispnsa?\

-100 Potertially
Phase of life recoverable energy

Energy consumption (MJ/unit)

Production Manufacture U=e

L §S D! 6 I T A L
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Target the phase(s) that matter

Assessment Assess energy
use over life

Malterials
Manufacture
Use
Disposal

Strateqgy

Energy

Minimize Minimize Minimize Select
= mass of part * process encergy i & Minidise
+ embodied energy « process COo'kg + thermal losses rEsieris
* COzg + electrical losses ol

LLLLLLLLL
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Case Study: Packaging 1

Packaging performs at least 5 functions :

Protection: packaging extends product life by protecting foodstuffs and
controlling the atmosphere that surrounds them

Security: tamper-proof packaging protects the consumer.

Information: pack information identifies the product, its sell-by date (if
it has one) and gives instructions for use.

Affiliation: brands are defined by their packaging.

Presentation: packaging “presents” the product in much the same way
that clothing presents the wearer.

LLLLLLLLL
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Case Study: Packaging

Question.
 Are the embodied energies and CO2 footprints of Biopolymers less than those

of conventional plastics?
« Watch the video tutorial on plotting charts and make bar charts of embodied

energy and CO2 footprint to find out.
* Which polymers are Biopolymers can be found by searching on that term.

Answer.

* A search on "Biopolymer” delivers the 5 materials listed below.

» The plot of embodied energies for polymers shows that the first four have
lower embodied energies than any other polymer or elastomers.

» The equivalent chart of carbon footprint, below, reveals that CO2 release
associated with their production is at the lower end of that for polymers — it is
about the same as that polyethylene or PVC on a per Kg basis.

* Natural rubber

« Polylactide

« Polyhydroxyalkanoates (PHA, PHB)
« Starch-based thermoplastics (TPS)
« Cellulose polymers (CA)

LLLLLLLLL
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Case Study: Packaging Material Chart

o Carbon footprint, polymers|
Polyetheretherketone (PEEK)
=)}
2|\
(=)
fm— ___________ Polytetrafluoroethylene (Teflon, PTFE) ...
2 1 1
-—
¥ Polycarbonate (PC)
3 -
o | r/ Cellulose polymers (CA)
o 1
E 5_ ....................... i---ﬂ--.lyf.{i ..............................................................
2 5 by Polyvinylchloride (tpPVC)
E Paolyurethane (tpPUR) / | | | | s S .
o Epoxies / | | Polylactide (PLA)
‘Er Polyoxymethylene (Acetal, POM) | | 1 | /
E* Polyhydroxyalkanoates (PHA, PHB
| ... mommarones e — 11 01y
2 Polyethylene terephthalate (PET)
8 Folyisoprene Rubber (IIR)
ol
O Polyethylene (PE) /
e
i B R R e e e Natural Rubber (MR} -

: Polymers and elastomers
( Sar
LLLLLLLLL
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Case Study: Packaging 2

* The table shows the mass of material it takes to produce various
types of containers possible for holding a drink.

» Which material consumes the least embodied energy per litre or
drink? Use the embodied energy values in CES Edupack DB.

Container type Material Mass
(grams)

PET 400ml bottle PET 25

PE 1 liter milk bottle | PE 38
Glass 750ml bottle Soda-lime glass 329

Al 440ml can Non-age hardening 20

wrought AL-Alloys
Steel 440ml can Medium carbon steel | 45

« How does the ranking change if the contribution of recycling is
included? To do so, multiply the energy per liter you just calculated,

by the factor
SO E (i

LLLLLLL
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The inclusion of recycled material significantly reduces all the energies

Case Study: Packaging 2

the best choice, but aluminium remains the most energy-intensive.

. Steel emerges as

Embodied Recycle :
Container type Material Energy Energy ci?fgr?tlesflr- "I]
(MJ/Kg) (MJ/KQ) PRy
PEFSH0m| PET 83.7 35.2 0.21
bottle
PE 1 liter milk PE 20.8 340 0.084
bottle
s et Soda-lime glass 15.4 6.8 0.24
bottle
Non-age hardening
Al 440ml can it hEAL-AlGYE 207 18.7 0.11
Steel 440m! Medium carbon steel 31.9 8.9 0.42
. . Corrected
" 2 Mass Energy/liter Correction
Container type Material - Energy
(grams) (MJ/liter) factor (MJ/liter)
PET 400ml PET 25 5.2 0.88 4.6
bottle
PE 1 liter milk High Density 33 3.1 0.95 2.9
bottle PE
Glass 750ml Soda glass 325 67 0.87 5 8
bottle
AL AAEl ca 5000 series 20 9.4 0.90 8.5
Al alloys
Steel 440ml can Fisin carban 45 3.3 0.70 2.3
steel

T
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Case Study: Packaging 2(Metal)
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Case Study: Packaging 2(All)
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N
The selection

Carbon steel

Strength - Energy/m3

Cast iron
Wood
Stone/brick

~ Non-technical
Concrete ceramics

-
o
|

Strength, or (

u_m-.i.

,‘! Slone x

175 T | R e

Technical castm“:l‘!:n =
~ ceramics . %

Zinc alloys
GFRP.

Wood if Silica
to grain glass

Hig{_i polymer

Lua‘lhur &
Eu’q,rl rubber

foams

Nnnpmnn

nhlstumurs Pulymers and.”
elastomers 5

cs e A Production energy per cubic metre, Hg.p (MJ/m3)
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Case Study: Packaging 3
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) 4 | Disposal
kd Material Mamractiure Transport  Use
Al 100% virgin PET
with recyciing
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Material Manufacture Trahsport  Use
2
4 100% virgin FET
with racycling
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[T — Disposal

Material Manufacture Transporl  Use

100% virgin glass
with rocycling

] == Disposal

Material Manufaciure Transport  Use

100% virgin glass

with recycling
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Case Study: Packaging 3

82. Open the Bottled Mineral Water .prd file in the Eco Audit Tool. This file is for 100 PET
bottles. If you haven't already noted the total CO; and Energy used for this product and

exported the report for reference please do that now.

e Change the end of life of the PET bottle to Combust.

View the report and describe what has happened to the Carbon footprint and why.
Answer

Combusting the bottle creates energy but also CO,

-
P

12 [

-
o ; "

isposal L

—
[—]
-
=

Carbon (kg)

Carbon (kqg)
ok o =m M & oo om

R R - T = M-~

Material Manufacture Transport  Use § Material Manufacture Transport Use Disposal

100% virgin PET "
with recycling - s

St E 1 T
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TO0% virgin PET
with combustion




® CES EduPack 2008 - [Eco Audit: Wind turbine.prd] 1= x|

I File Edit Wiew Select Tools ‘Window Help Feature Request e [l
j Fo 2 ‘ = @ tis
Erowse Search Seleck Frint: Search Wet | CESHelp
@ Eco Audit Project
Product Definition | Fepoit I
Productname:  [wind turbine New | Open | Save [+ 2

Product life: |25 years

Component name td aterial Primary process Mazz [kg] -
Tawer structure Low carbon steel |E| Forging. raling + | 1.64E+05
Taower, cathodic pratection Zinc alloys |E| Casting - [ 203
b Macelle, gears Stainlezs steel E‘ ~ | 1.9E+04
Macelle, generator core Low carbon steel ZI Forging, raling = [ 9000
Macelle, gernerator conductors Copper alloys E' Forging, raling = (1000
Macelle, transformer core Cast iron, ductile [nodular) T|| Forging, raling = | BOOO LI
2T@mspor
Stage name Tranzport lype: Distance [km]
F Tranzit large compoents o zite 32 tonne tuck = (300
Trangzit gmall compoents to site 14 tonne truck = 100
* -

Static mode Mobile mode
IV Product uses the following energy: [ Product is part of or camied in a vehicle:

Energy input and autput: IFDSS“ fuel ta mechanical j Fuel and mobility tupe: | LI
Paower rating: |2I]EI Ihp j Usage: IEI datz per pear Lo
Izage: |3 days per pear Distance: |IZI krn per day.
zage: |2 hours per day
I E Ecodudit Wind turbine prd |

Feady I_ I_ l_




&9 CEs EduPack 2008 - [Eco Audit: Wind turbine.prd] =] x]
&3-_ File Edit Miew Select Tools Window Help Feature Request

_18 xI
3z 5 & @ fits
Erowse Search Seleck Frint: Search Wet | CESHelp
=
Eco Audit Project
Product Definition  Report |
‘4 4 1 of z b M | E Q- | 100 - |
Summary of Life Phases: Detailed Breakdown =
2e+07
1.5e+07
—
-
2
= 1e+07
2
@
=
(T}
Se+06
0- .
Material Manufacture Transport Use
Life Phase
Phaze Energy (M.1) Energy (%)
Material 1.8e+07 91.2 il
Manufacture 1. 2e+0E E.4
Transport 2.4e+05 1.3
Use 23e+05 1.2
Tatal 1 Qe+07 100 LI

I @ Ecodudit Wind turbine. prd
Ready

=R
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