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Introduction to LCA | Goal and scope | Inventory analysis | Impact assessment | Interpretation | Example

We start with a personal question about your buying behaviour:

Enquiries in Western

. . Europe show:
Suppose you need a new pair of trousers, blue jeans.

In the shop and you see two Diesel jeans. Both they have:

v’ the same cut, and the same colour
v the same the fabric with the same feel and touch

75— 80 % of the people
care for the environment,
however

e 2-59% of the people are
prepared to pay more for a
‘green’ product

Content of this training package

e Module 1: LCA
Introduction (Block 1) « About 50% of the students
Calculation structure and tools (Block 2) do not buy green labels:
LCA in circular business systems (Block 3) e - regard it as ‘green

¢ ‘Module 2: material scarcity in LCA washing’ |

* 'Module 3: creating circular business models - mistrust the quality when

e ~Module 4: eco-efficient value creation in product innovation the price is the same

© INNTIMAT.
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The road towards Sustainability: the interaction of the 3 stakeholders

The road towards
sustainability:

companies government

regulations

LEN

consumer

marketing politics

& citizen

Source: Vogtlander J.G. et al. 2014. Eco-efficient Value Creation, Second edition, Delft Academic Press

Clients buy products in
shops on the basis of
guality/price ratio
(sustainability is
unimportant in the shop)

However, clients act also a
citizen in politics: a
majority asks the
government to set strickter
regulations

Companies accept
regulations when they are
‘level playing field’

INNTIMAT,
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The basics of Sustainability: the ‘Triple P’ of Planet, People, and Profit
People Sustaipability
Brundtland: according Brundtland

(economic growth and Elkington
in the 3rd world)

Is it a matter of trade-off,
l.e. the ecology versus the economy

* Brundtland (1987) looked at
the relationship between the
poor environmental
situation and poverty
in 379 world countries

or

Is it a matter of a ‘new economy’
l.e. the ecology and the economy to
be improved simultaneously

* Elkington (1994) looked at
business strategies, and
proposed a more balanced
trade-off in business:

- saving our planet,

- care for people :a better
distribution of wealth

- profit of your own
company

Circular business models and eco-efficient value creation
INN & i MAT .,

Source: Vogtlander J.G. et al. 2014. Eco-efficient Value Creation, Second edition, Delft Academic Press

Profit

(our own
prosperity)

Planet
(our future
environment) _ nollution

LCA - materials
model depletion
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The business challenge of Sustainability

“What we need now is a new era of economic growth — growth that is forceful and at the

same time socially and environmentally sustainable.”
(Brundtland, 1987)

“The delivery of competitively priced goods and services

that satisfy human needs and bring ‘quality of life’,

while progressively reducing ecological impacts
and resource intensity, throughout the lifecycle,

to a level at least in line with the earth’s

estimated carrying capacity” (WBCSD, 1995)

—
value

e
[Sm—
<l [ssue2
(@

eco-burden

: Issue 1

Our Innomat training
course will deal with
two issues:

* Module1and 2:
what is the environmental
impact of our products and
services, i.e.
Life Cycle Assessment, LCA

* Module 3 and 4:
how do we create a business
that combines profitability
with reduced environmental
impact, i.e.
circular business models
and eco-efficient value
creation

© INNTIMAT.
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. . . . -
The key question: Which of these products is the most sustainable” A key issue in our

How to decide it? modern world: "what is
true and what is not
true?”

* Many companies are
marketing by ‘window
dressing’, since they want to
be perceived greener than
that they are.

* NGOs tend to spread
alarming ‘guts feel’ news
since they belief that people
should be made aware, but
adhere to marketing
strategies that avoid the real

Paper bag Reusable plastic bag complexity of issues.

*  Who can we trust anymore?

© INNTIMAT
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The key question: Which of these products is the most sustainable?
How to decide it?

s AN

DIFFICULT DECISION

* What is the lifespan of these products?
e How impacting is their manufacturing?
* How will they be treated at their end of life?
Etc.

Paper bag Reusable plastic bag

A key issue in our
modern world: “what is
true and what is not
true”

* Many companies are
marketing by ‘window
dressing’, since they want to
be perceived greener than
that they are.

* NGOs tend to spread
alarming ‘guts feel’ news
since they belief that people
should be made aware, but
adhere to marketing
strategies that avoid the real
complexity of issues.

*  Who can we trust anymore?

© INNTIMAT,
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The key question: Which of these products is the most sustainable?
How to decide it?

s AN

DIFFICULT DECISION

» What is the lifespan of these products? ‘ we need LCA to perform this
* How impacting is their manufacturing? analyses in a comprehensive way
* How will they be treated at their end of life?
Etc.

Paper bag Reusable plastic bag

© INNTIMAT
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Whatis Life Cycle Assessment — LCA ?
Life Cycle Assessment

Landiill Raw materials  is about mass- and
I extraction energy balances
Considers the entire life
"LCA is a technique that is used to quantify the Disposal Recycling cycle of a product
environmental impact of a product system (good *  Quantifies required

resources as well as
emissions into the air, water
and soil that can be

R attributed to the product.

Provides indicators of the

product’s contribution to

environmental problems
Transport such as climate change,

l l l toxicity (human and eco-

systems) and resource
EMISSIONS TO AIR, WATER, SOIL © INN ' MAT q

or service) throughout its life cycle, from the

extraction of raw material to product disposal”

scarcity
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What is Life Cycle Assessment used for?

1a. Product comparison

Examples:

. Alkaline battery vs rechargeable battery?
. Fossil vs bio-based plastic?

. Concrete vs wood?

. Electricity from the grid versus electricity from PV cells

1b. Comparison of services

. Transport by train versus airplane
. Carsharing versus ownership versus bike

. Centralized wastewater treatment versus decentralized wastewater treatment

© INNDMAT.
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What is Life Cycle Assessment used for?

1. Product comparison

2. Product design and improvement

Example: the LCA of a knife

LCA results ‘ Design strategy example

*  Material consumption largest impact: *  Reduction of the steel blade’s thickness
the blade and handle + use or recycled PP in handle

*  Use phase varies: maintenance e Communication to user about best
(handwashing vs. dishwasher) maintenance (handwashing vs. dishwasher)

© INNTIMAT..
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What is Life Cycle Assessment used for?

1. Product comparison
2. Product design and improvement

3. Environmental Product Declarations, EPDs

 EPDs are product descriptions with environmental
information, in a well organised, trustable, and transparent
certification system

e ltis available in the building industry, and becomes
available in the European food industry as well

e Itis supposed to make an end to the ever increasing mess
of labels

© INNTIMAT..
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What is Life Cycle Assessment used for?

1. Product comparison

2. Product design and improvement

3. Environmental Product Declarations
4. Strategic planning of product innovation when in future

« LCA accounts for “external costs” in
addition to the “internal costs”

* Regulations may “internalize” external

costs via: taxes to be paid, tradable emissions
emission right prices, required Best
Available Technology (not at excessive energy
costs) materials
*  When it will happen is not known, but that ENVIRONMENTAL COSTS PRICE
it will happen is quite certain BURDEN

INNTIMAT.,

Source: Vogtlander J.G. et al. 2014. Eco-efficient Value Creation, Second edition, Delft Academic Press
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What is Life Cycle Assessment used for?

™

AN DR o

Product comparison
Product design and improvement
Ecolabelling
Strategic planning
Policy usage
Helping to develop long-term policy
Evaluating effects of alternative techniques

Providing environmental impact information to broad public

N

Important element of
European
environmental policy

J

©INNTD

MAT.,
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What is Life Cycle Assessment used for?

1. Product comparison

2. Product design and improvement
3. Ecolabelling Waste Hierarchy
6. Comparison of alternative treatment processes of waste Recycling

materials, wastewater etc.

© INNTIMAT..
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Life Cycle Assessment is well specified: Detailed guidelines in .the ILCD handbook and ‘
other literature

International
Organization for
Standardization

« Norms and definitions

- Scientific papers ” ”__,@ D handbook

International Reference Life Cycle Data System

EUROPEAN STANDARD EN ISO 14040
° Han d bOO ks T e Ui NORME EUROPEENNE

EUROPAISCHE NORM

July 2006

1CS 13.020.10; 12.020. ‘Supersedes EN IS0 140401967, EN IS0 14041:1892,
EN IS0 14042:2000, EN IS0 14043:2000

 Databases

English Version

Environmental management - Life cycle assessment - Principles
and framework (ISO 14040:2006)

Management environnement - Analyse du e e v - Urnefimanagement - Okobilan: - Grunds3ize und
PIACipes & cadre (SO 14040:200) RanMEnbeangungen (150 14042005/
Thls Ewopean Stangard was aproved on 15 June 2006,
e conaions fur gang s European
o7 a national sianGarm wiltau any aErabon. Ug-
Standarts ma be 031ainea 01 appIEALON D the Gential Secretanal or 0 any GEN member.
s Euopean Fr2nch, GEnnan|. A Versicn In any QN 1anguags Made Oy transiation
under e oeial
ersions.
‘CENMmembrs are the national SaNGarOS bONEs of AUSITa, BEIgium. CYEFUS, CZech REpUDIE, Denmark. Estona, Finand, France,
‘GemIany. Greece, HUNGA", lo#and, reiEnG, Ky, LaNIa, LANUENIS, LUTSMOGarg, Mts, NEMeRangs, NOway, 0and, PErugal, Romans,
Siovakia, Siovenla, Spain, Sweden, Swizeriand and Unfes Kingdom

=

EURCPEAN COMMITTEE FOR STANDARDIZATION

COMITE IUROPEEN DE NORMALISATION
EUROPAISCEES KOMITEE FOR NOKMUNG

Managsment Centrs: rus g Stassart, 36 B-1050 Brusas:

= 2006 CEN  All righis of Expioitation In any farm and by any means reserved Ref. No. EN ISO 14040:2006: E
EUR 24708 EN 2010 ‘woridwide for CEN national Members.

General guide for Life Cycle Assessment
- Detailed guidance

© INNTYMAT.
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The stages of and LCA study

Goal & Scope
definition

Inventory

analysis

Impact
assessment

Interpretation

Goal & Scope definition must
include at least:

Aim of the study, e.g.

(1) a comparison of 2 or more products, or
improvement of the environmental
characteristics of a product chain

(2) for internal or external use

(3) choice of the relevant indicator(s) or
single indicator system

Scope of the study, e.g.

(1) system description including flow diagram
(2) system boundaries

(3) what is included or excluded

(4) transport scenarios

(5) life time assumptions (technical or
economic)

The “Functional Unit”

© INN MAT17
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The ‘functional unit’ in LCA: the delivery

The functional unit
* The reference unit for the study (the delivery)

* What? How much? How long? Which quality?

COMPARISONS
MUST BE FAIR

Examples:
* Plastic or paper bag for shopping : 10 kg weight max, 15 litre volume (35 cm x 35 cm x 15 cm):
how many times re-usable? (or calculate per shopping session)

* Supply of 100.000 lumen lighting for one year (= 9oh)

* Transport from A to B
* Production of 1 kg steel (is called ‘declared unit’)

© INNTIMAT:
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System description and system boundaries of an LCA for a product or service

 Excluding a stage or element
should be properly justified

Example:

o Not important for the
decision-making
(e.g. in a comaprison:
subsystems which are the
same for both systems)

o Not relevant impacts
(e.g. below 1 or 2 %)

e = % ;5:7-""';:;":’. / N
Bi &G, e e i— 5”;‘."‘,

EXPLORATION PROCESSING RAW MATERIALS

PRIMARY
RESOURCES

MATERIALS. ENERGY
PRODUCT or SERVICE

XX

USE, REUSE

N
EMISSIONS TO AIR, WATER, SOIL © I N N EZ? MAT19
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The first assignment:

Discover the differences between the
carbon footprint of materials like

steel, plastics, bioplastics, and wood
by using the IDEMAT app (in 10S or Android)

(stop the video, do the assignment, and after that, continue with the video)

© INNTIMAT..
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Creating the Life Cycle Inventory (LCI)

Once the LCA is defined, we must collect the necessary data:

Emissions

Resources

,’ ___________ \\

I’ (Critical) Raw Materials |

| . | ‘
: Electricity

: Water : l
I Chemicals :‘
I

\ T |

N\ /7

___________ ] © INNT MATzz
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Life Cycle Inventory (LCI): Gathering all the necessary data to conduct the LCA

Once the LCA is defined, we must collect the necessary data

PROBLEM: We need a comprehensive list of emissions to air, soil and water to assess
the impacts, how to obtain it?

- $

l

: DATABASES
|

|

|

|

Service

© INNTIMAT,
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The foreground system and background systems, a practical consideration

Background systems Foreground system A mix of
Processes for production of  Core processes under direct Foreground and
materials and other supplies  control or decisive influence Background
Generic data Specific/primary data Systems
\ \ \
Upstream processes Core processes Downstream processes
all processes
suppliers within the management
PP \\ of the compan o
_ t
suppliers ——__ 8_:3 Q %
a| D process 9 /|
: T (C
suppliers gl += o I
» process L/
suppliers | : Useful next application
rocess of waste (e.q. recycling)
Energy - P I . J yeung
suppliers -
PP | (EN 15804)

© INNTIMAT.
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Potential sources for the Life Cycle Inventory (LCI)

FOREGROUND SYSTEM (main system)

EXAMPLES
— Direct emissions from the process

DATA SOURCES

Measurements on production site
Surveys/inquiries

Literature data (bibliographic research)
Modeling/calculations

BACKGROUND SYSTEM (supply chain)

EXAMPLES
— Materials mining
— Emissions of transportation
— Emissions of electricity generation

DATABASES WITH ENVIRONMENTAL INFORMATION

thinkste
«' GaBi

uuuuuuuuuuuuuuuuuuuuuuuuuuuu

0o Z
TUDelft

Ecoinvent database Agri-footprint database

\

data on effects of toxicity and scarcity

\

Idemat and Idematapp data

© INNTIMAT..




Introduction to LCA | Goal and scope | Inventory analysis | Impact assessment | Interpretation | Example

“The Tree” in LCA: assembly of existing background processes lead to new LCAs of new products

You can dig deeper
and deeper, for
instance:

0.0228 kg B 0.599 kg 0.000597 m2 [ | 0.393 kg
Ammonium Maize grain {GLO}| Shed {GLO}| Soybean meal
nitrate, as N market for | market for | {GLO} market for |

{GLO}| market for | Cut-off. U Cut-off, U Cut-off U
0.0348 Euro n 0.151 Euro 0.0294 Euro L 0.21 Euro -

0.343 kg 0.238kg 0.000592 m2
Maize grain Maize grain {US}| Shed {RoW}|

RoW}| productio production | construction | transport
| Cut-off, U Cut-off, U Cut-off, U
1Euro 0.0425 Euro 0.0292 Euro

_ I / etcetera
m?ggiizz}:ﬂ:uln soyben (6L} B N
00268 furo 0165 b © I N N @ M AT26
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Even a simple system can have hundreds or thousands of emissions!

EXAMPLE: 1 kg steel — list of emissions 719 different emissions to the environment!!

No  Substance Compartment Unit  Steel, low-alloyed, at plant/RER S

1 1-Rutanol Air na 12242

PROBLEM: How to address all these emissions? Which ones are important? How do
we decide which ones to use when comparing products?

$

We need Life Cycle Impact Assessment (LCIA)

© INNTIMAT,,



Introduction to LCA | Goal and scope | Inventory analysis | Impact assessment | Interpretation | Example

Even a simple system can have hundreds or thousands of emissions!

EXAMPLE: 1 kg steel — list of emissions 719 different emissions to the environment!!

No  Substance Compartment Unit  Steel, low-alloyed, at plant/RER S

1.Riitannl Air [a¥al 143 /70

SOLUTION = creating a “single indicator”

There are 3 types of single indicator systems:
- based on 1 "single issue”  the Carbon Footprint (CO2)
- based on damage the Ecoindicator g9 [ Recipe 2016

- based on prevention costs the Eco-costs 2017

© INNTIMATs
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<«—— (lassification and characterisation ——>
~

~

<——— Normalisation and weighting (valuation) ———>
4 2 4 N

MIDPOINT INDICATORS

Elementary
substances

-

Climate change

Ozone depletion

Respiratory inorganics

lonising radiation

Photochem. Ozone formation
Acidification

Eutrofication

Metals depletion

Water depletion

I

Fossil Fuels depletion

AREAS OF PROTECTION/
ENDPOINT INDICATORS

> Human health \

Natural environment —

> Natural resources /

|

L7

- J

SINGLE
INDICATOR

Carbon footprint is a
single issue indicator
(basically a midpoint)

Eco-costs 2022 is
prevention based

> (unit: Euro)

Recipe 2016 is
damage based
(unit points)

Environ. Footprint

. Is the EU indicator
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MIDPOINT vs ENDPOINT

STRENGHT

e M ' t cat '
MIDPOINT LEVEL S TR BRSBTS  Difficultinterpretation

* Lower uncertainty

S\ldel[\IQNAVIN « Easierinterpretation e Higheruncertainty

© INNTIMAT.
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Calculation of the human health endpoint: the pathway from emission to effect

Emissions Exposure §
to air, —
water

soll

DALY m Disabilities with
Disability <«— « severgl levels of

qdjusted Weighting of severity

life years disabilities INNTIMAT..

17 Source M. Goedkoop, www.pre.nl
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fr to ec-costs (€)

Tables in practice:

colour code: greenhouse fine dust
acidification ecotoxicity

eutrification human toxicity, carcinogd 1 I I 1
T e { Midpoint characterisation
ecocosts (eurokg) | factors of climate change:

multiplier (over a period of 100 years)
from kg CO2e
to ec-costs (€)

1 kg of fossil CH4 has
30.5 x the impact of CO2,
eco-costs = 3.54 (€/kg)

1 kg of biogenic CH4 has
27.8 x the impact of CO2
eco-costs = 3.22 (€/kq)

Note that 1 kg CO2e = 0.116 (€)

URL: www.ecocostsvalue.com tab data
Table: Idematapp2020

| Introduction | materials depletion | materials list in Simap 2017 | ecocosts emissions 2017 | acidification country list | water scarcity | land-use | fair wage d«

© INNT MAT32
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S3 - f Sources of LCl: v
AlB| E D[ E F G H I J K Q R a
1] Process Total eco-costs of  |eco-costs of |eco-costs of |eco-costs of Environm.
2 eco-costs human health |exo-tocicity [resource carbon Footprint
3 unit euro euro euro | scarcity euro|footprint euro Total Pt Sources of LCL:
307| A100.13.104 kg  Idematapp2020 67SiCra 043 0.03 0.04 0.08 0.28 . 0.099 0.000269  Delft University of Technology. base mz
308
309| A.100.14 Materials, metals, non ferro
310 1 A100.14.101 kg  Idematapp2020 Aluminium (primary) 2.61 015 0.46 117 0.84 727 142.9 2.60E-05 9.38E-08 0.465 0.001057  LCA update study from Intern Aluminiu
3|1 A100.14.102 kg  Idematapp2020 Aluminium (secondary) 0.36 0.03 0.03 0.01 029 253 46.06 6.22E-06 2.80E-08 0.326 0.000511  energy from Univ of Bath
32| 1 A 10014103 [l  Idematapp2020 Aluminium trade mix (66% prim 33% sec) 1.84 0.31 0.77 0.65 563 109.52 1.92E-05 7.11E-08 0.415 0.000866  Delft University of Technology. base mz
3131 A100.14.104 kg Idematapp2020 Antimony, CRM (virgin) 11.36 1.19 7.93 1.84 15.86 20537 . .
314] 1 A100.14.105 kg  Idematapp2020 Cadmium 17.79 17.03 0.38 330 41.78 p "
351 A100.14.106 kg  Idematapp2020 Chromium, CRM (virgin) 571 153 3.05 26.26 502.32 Ta'b I eS I n raCtI C e -
36| 1 A100.14.107 kg  Idematapp2020 Cobalt, CRM (virgin) 44 42 0.13 4255 0.90 772 107.64
7|1 A.100.14.108 kg  Idematapp2020 Copper (primary) 8.82 0.86 4 042 3.60 50.13
318] 1 A100.14.109 kg Idematapp2020 Copper {secandary) 0.32 0.02 0.03 0.26 224 40.71 .
3155 1 A100.14.110 .kg ldematapp2020 Copper wire, plate, pipe, trade mix ( 56% prim 44% sec) 5.08 8 4 0.35 3.00 45.99 SI m ap rO O U t p U t
320) 1 A 10014111 kg  Idematapp2020 Gallium, CRM (virgin) 148.75 6.06 117.62 186.08 2,843.36 b k d
321 1 A100.14.112 kg  Idematapp2020 Gold (primary) 29.277.30 - 2,619.80 274,800.34 )
322| 1 A100.14.113 kg  Idematapp2020 Gold (secondary) 84.27 6.40 aC q ro u n p ro C eS S eS '
323| 1 A100.14.114 kg  Idematapp2020 Gold trade mix (47% prim 53% sec) 13,804.99 319.54
324| 1 A100.14.115 kg  Idematapp2020 Indium, CRM (virgin) 669.39 6.74
325] 1 A100.14.116 kg Idematapp2020 Lead (primary) 205 0.06 . O .
SZEE 1 A100.14.117 kg  |dematapp2020 Lead (secondary) 0.09 0.01 1 kg Of m ar ket m IX Al U m I n I U m IS
327 1 A100.14.118 .kg |dematapp2020 Lead trade mix ( 25% prim 75% sec) 0.58 0.02
328| 1 A10014119 kg Idematapp2020 Lithium 7.83 017 1,84 euro eco-costs
329] 1 A100.14.120 kg  |dematapp2020 Magnesium, CRM (primary) 9.22 0.06
330] 1 A10014121 kg  Idematapp2020 Magnesium, CRM (secondary) 1.03 0.12
3311 A100.14.122 kg  Idematapp2020 Magnesium, CRM, trade mix (57% prim 43% sec) 569 0.09 .
332) 1 A100.14.123 kg  ldematapp2020 Manganese 1.02 0.04 L L L ] X 1 1
333] 1 A100.14.124 kg  Idematapp2020 Mercury (primary) 1.642.39 1.586.55 6.95 35.50 13.38 115.36 1,704.22 1 kg Of CO p p er WI re I S
334] 1 A100.14.125 kg  Idematapp2020 Molybdenum 49.08 0.50 2.16 4543 1.00 8.63 164.41
3351 1 A.100.14.126 kg  Idematapp2020 Nickel (primary) 24.83 0.74 3.04 11.86 9.18 79.18 641.91 5 . 08 e u ro eC O ‘C O StS
336| 1 A100.14.127 kg  Idematapp2020 Nickel (secondary) 0.32 0.02 0.03 0.01 0.26 224 40.71
3371 A100.14.128 kg Idematapp2020 Nickel trade mix (70% prim 30% sec) 17.48 0.53 213 8.31 6.51 56.10 461.55
338| 1 A100.14.129 kg  Idematapp2020 Palladium. CRM (primary) 93.419.84 9.323.37 74,882.59 8.130.95 1.082.93 9.335.64 1 1 1 1
335{ 1 A100.14.130 kg  Idematapp2020 Palladium, CRM (secondary) 36.64 278 6.54 718 20.05 - 1 kg Of VI rg I n SI |Ver IS
340| 1 A 10014131 kg  Idematapp2020 Palladium, CRM, trade mix (97% prim 3% sec) 90,618.35 9.043.76 72,636.30 7.887.24 051, 617,
341 1 A100.14.132 kg  Idematapp2020 Platinum, CRM (primary) 135,359.43 13,873,557 111,426.92 8,447 .51 611 "a9 1. 223,206.87 6 24 . 8 1 e U r O eC O = C O S t S
34211 A100.14.133 kg Idematapp2020 Platinum, CRM (secondary) 129.40 9.83 23.11 - 610.27 11,786.85
343 1 A100.14.134 kg  Idematapp2020 Platinum, CRM, trade mix (95% prim 5% sec) 128,597.92 13.180.38 105,856.73 8.0: 534, 1322754  212,635.87
344/ 1 A100.14.135 kg  Idematapp2020 Rhodium, CRM (primary) 286,867.03 3039445 244 118.71 24 3,529.63 3042783 488,895.85
345| 1 A100.14.136 kg  Idematapp2020 Rhodium, CRM (secondary) 365.35 71.60 199.88 1.723.10 33,280.53
346/ 1 A100.14.137 kg  Idematapp2020 Rhodium, CRM, trade mix (85% prim 15% sec) 243,891.78 7.511.35 3.030.17 26,122.12  420,553.55 U R I_: WWW. eCOCOStsval ue.com tab data
347| 1 A100.14.138 kg  Idematapp2020 Silicon 3.46 1.05 2.02 17.37 36.15 )
348| 1 A10014139 kg  Idematapp2020 Silver (primary) 624.81 568.88 14.35 123.70 1,752.04 Table: Idematapp2020
‘24(; 1 A ANN A4 140 e lAdAmaatann NN Qihenre (o A i 1 E£4 nA44 nAa7 n_2n nal 712 4237 R9 A
| Introduction | Idematapp 2020 | Idematapp2020 midpoints | EF sytem (adapted) for PEF | processes+Eol (in CES) | agri-footprint | EVR gate togate | tvRcradetogate | (5 ] 3

Gereed H m - [] + 75%
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. . . A.130.04 Materials, plastics, Thermoplasts
Example of a felt-tip pen (materials only), step1, hot spot analysis " a1300s106 kg lidematapp2020 PA 6 (Nylon 6, Polyari oy
A.130.04.105 kg Idematapp2020 PA 6 GF30 1.54
I pas\e A.130.04.106 kg Idematapp2020 PA 66 (Nylon 66, Polyal 2.01
cop\] A.130.04.107 kg  Idematapp2020 PA 66 GF30 1.44
A.130.04.108 kg Idematapp2020 PB (Polybutadiene) 1.60
A.130.04.109 kg Idematapp2020 PC (Polycarbonate) 2.08
per kg per 1000 felt-tip pens A.130.04.110 kg Idematapp2020 PC 30% glass fibre 1.49
weight in kg per 1000 felt-tip pens database eco-costs eco-costs A.130.04.111 kg  ldematapp2020 PE (HDPE, High density 1.14
line number eUro eUro A.130.04.112 kg Idematapp2020 PE (LDPE, Low density 1.18
part weight material A.130.04.113 kg Idematapp2020 PE (LLDPE, Linear low 1.12
A.130.05 Materials, plastics, Thermosets
Cap 2 Polythene A.130.04.111 114 2.28 A130.05101 kg Idematapp2020 CFRP 25% carbon 2.99
Support for felt |2 Polythene A.130.04.111 1.14 2.28 A.130.05.102 . kg Idematapp2020 Epoxy resin 1.32
Felt 1 Polyamide A.130.04.106 2.01 2.01 A.130.05.103 kg  Idematapp2020 MF (resin) 0.75
Ink cartridge 4 Polyester A.130.05.106 1.15 4.61 A.130.05.104 kg |dematapp2020 PF (resin) 0.80
Body 4 Aluminium A.100.14.103 1.84 7.37| hotspot ~ A.130.05.105 kg Idematapp2020 Phenolics (Bakelite) 1.01
Ink 15 ethanol (bio) | A.070.01.104 0.190 2.85 A.130.05.106 kg Idematapp2020 Polyester (unsaturated) 1.15
A.100.14 Materials, metals, non ferro
. A.100.14.101 kg Idematapp2020 Aluminium (primary) 2.61
weight total 28 A100.14.102 kg  Idematapp2020 Aluminium (secondary) 0.36
assembly 1 MJ/kg B.040.01.102 0.028 0.78 A100.14.103 [fllkg  Idematapp2020 Aluminium trade mix (61 1.84
tra road 0.33 C.010.06.104 0.031 0.29 B.040.01 Energy, electricity country mix
tra rail 0.4 C.050.01.102 0.0053 0.06 B.040.01.101 MJ  Idematapp2020 Electricity General Indu: 0.024
B.040.01.102 MJ Idematapp2020 Electricity Industrial Wi 0.028
total 22.54 B.040.01.103 MJ Idematapp2020 Electricity Industrial use 0.023
C.050.01 Transport, rail
C.050.01.101 tkm  Idematapp2020 Train, freight diesel USA 0.0130
C.050.01.102 tkm  Idematapp2020 Train, freight, Europe (tl 0.0053
C.060.01 Transport, road
Idematapp 2020 excel file C.060.01.102 m  Idematapp2020 Truck +trailer Euro 6 (i 0.00038
C.060.01.103 tkm  Idematapp2020 Truck+container, 28 tor 0.027
C.060.01.104 tkm  Idematapp2020 Truck+trailer 24 tons ne 0.031
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LCA benchmarking of a pencil body, step 2, improvement:
the base case, case 1 (other material)

and case 2 (closed loop recycling)

4~ per 1000 felt-tip pens

per kg
weight in kg per 1000 pencils database eco-costs eco-costs
line number euro euro
base case part Body
weight 4
material  Aluminium A.100.14.103 1.84 7.37
production Extrusion D.100.10.109 0.13 0.52
EoL waste incin no credit 0.00 0.00
total 7.90
casel part Body
weight 15 note: normal PE instead of bio-PE is not a good idea
material bio-PE A.130.01.101 0.38 5.69
production Extrusion D.120.01.105 0.059 0.89
EoL waste incin credit = F.090.01.102 -0.25 -3.78
total 2.80
case2 part Body
weight 4
material  Aluminium A.100.14.103 1.84 7.37
production Extrusion D.100.10.109 0.13 0.52
EoL closed loop rec. F.110.01.101 -1.49 -5.95
total 1.95

cop‘l'

hotspot

however 100%?

A.130.01
A.130.01.101
A.130.04
A.130.04.111
A.130.04.112
A.130.04.113
A.100.14
A.100.14.101
A.100.14.102
A.100.14.103
D.100.01
D.100.10.109
D.100.10.110
D.120.01
D.120.01.103
D.120.01.104
F.090.01
F.090.01.101
F.090.01.102
F.090.01.103
F.090.01.104
F.090.01.105
F.090.01.106
F.090.01.107
F.090.01.108
F.090.01.109
F.060.01
F.060.01.101
F.110.01
F.110.01.101

Idematapp 2019 excel file m—, = FEEEA0E

Materials, plastics, biopolymers

kg Idematapp2020 bio-PE (Polyethylene) not bi 0.38
Materials, plastics, Thermoplasts

kg Idematapp2020 PE (HDPE, High density Po 1.14

kg Idematapp2020 PE (LDPE, Low density Pol 1.18

kg Idematapp2020 PE (LLDPE, Linear low den: 1.12
Materials, metals, non ferro

kg Idematapp2020 Aluminium (primary) 2.61

kg Idematapp2020 Aluminium (secondary) 0.36
. kg Idematapp2020 Aluminium trade mix (66% g 1.84
Processing, non-ferro

kg Idematapp2020 Extruding alum 0.13

kg Idematapp2020 Forging aluminium 0.039
Processing, plastics

kg Idematapp2020 extrusion, machine only 0.022

kg Idematapp2020 extrusion, production site 0.059

waste treatment, municipal waste incineration with electricity, th:

kg Idematapp2020 ABS (Acrylonitrile butadiene 0.15
kg Idematapp2020 bio-PE (Polyethylene) waste -0.25
kg Idematapp2020 bio-PET (Polyethylene terep 0.08
kg Idematapp2020 CA (Cellulose polymers) was -0.11
kg Idematapp2020 lonomer waste incineration 0.11
kg Idematapp2020 PA-11 (Nylon-11) waste inci -0.20
kg Idematapp2020 PA (Nylons, Polyamides) wa. 0.11
kg Idematapp2020 PC (Polycarbonate) waste ir 0.15
. kg Idematapp2020 PE (Polyethylene) waste inci 0.11

waste treatment, landfill of inert material, collection and sorting r

. kg Idematapp2020 landfill ( inert waste, not bic 0.116
waste treatment, recycling credit metals
kg Idematapp2020 Aluminium, recycling credit « -1.49
kg Idematapp2020 Copper, recycling credit clos -4.76



Introduction to LCA | Goal and scope | Inventory analysis | Impact assessment | Interpretation | Example

Assignment 2. Make your own felt-tip pen
calculation

(stop the video, do the assignment, and after that, continue with the video)

© INNTIMAT:
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A holistic approach: THE BUTTERFLY DIAGRAM

Ways to eliminate
Renewables Finite materials .
@“ o ‘waste to landfill’
Regenerate Substitute materials Virtualise Restore I n t h e b Utt e rf I y .
Renewables flow management Stock management ’

1. Reduce materials in the ‘techno sphere’:

e Share/ maintain and prolong

* Reuse redistribute

* Refurbishing and Remanufacturing
Recycle * Recycle the materials

o

Parts manufacturer

Biochemical J *
feedstock Product manufacturer
neration Biosphere l ‘

Farpathg/collection'

Service provider

2. Shift to sustainable materials the ‘bio

sphere’:

* Recycle nutrients

* Make use of the recycling of biogenic CO2
(the so-called ‘short cycle’ in nature):
biogenic CO2 is not counted in LCA (IPCC)

Biogas Cascades

Collection

Collection

Extraction of
biochemical
feedstock?

Minimise systematic
leakage and negative
externalities

Source: Ellen MacArthur Foundation, SUN, and McKinsey Center for Business and Environment; Drawing from Braungart & C) I N N "' r 1 a T 8

McDonough, Cradle to Cradle (C2C)
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Open and closed loop Upcycling Open loop downcycling (cascading down)
materials open loop trading Upcycled Product A oy

materials
declicdei Product type

materials
Product B
A U li
. | waste
closed loop Srocess waste
Product type JEENE
process

B, C, D, etc
open loop Product C

production materials

final destination (e.g. under roads)

© INNTIMAT,
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System boundaries and calculation rules in LCA :

F________

| mining

|
.

e

Product A

WERHS

—

I—
|
— 1

jdiscard

waste collection

Recycling

system boundary LCA

closed loop recycling

secondary.
materials

Product B

WERES

l
I
—_— 4

L open loop recycling

classical ‘linear system’

system boundary LCA

mining

materials

Product A

discarded poduct

== = = = == -

collection

inspection

remanufacturing

redistribution

Reman. Product

I _— — _— — _— — _— — J

WERS

closed or open loop remanufacturing

system boundary LCA

Calculation rules for ‘cut-off’ and
‘allocation’ in LCA:

Maintenance is part of the main Life Cycle
Reuse is part of the main Life Cycle: the
eco-burden of production is allocated to the
subsequent users according the economic
value (*economic allocation”)

For Refurbishing and Remanufacturing a
new Life Cycle is started; part of the
ecoburden of the old product is carried over
to the new product according economic
allocation

For open loop upcycling, the original
manufacturer gets neither any benefit of
recycling, nor there is any carry over from
the old product to the new product via the
waste

Downcycling goes from waste to waste (no

carry over)
© INNTDIMAT,



Introduction to LCA | Goal and scope | Inventory analysis | Impact assessment | Cradle-to-Cradle

Closed loop Upcycling in LCA: if the net impact of recycling is negative it is called a CREDIT
EXTRACTION
> RECYCLING PROCESSING
TRANSPORT
(A) Recycling has RECYCLED VIRGIN
environmental impacts... MATERIAL MATERIAL

.. But can prevent the use of virgin
matenals (resulting in less impact)

PRODUCTION

NET IMPACT = IMPACT (emissions) system A — AVOIDED IMPACT (emissions) system B

For metals, the net impact is less eco-burden (B is more than A), so recycling has a CREDIT

© INNT MAT41
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Incineration in LCA : if the net impact is negative it is called a CREDIT

> INCINERATION ENERGY
PRODUCTION
ENERGY
(CO-PRODUCT)
"

(B) ... But also can prevent the use
of energy (resulting in less impact)

(A) Incineration has
environmental impacts...

ENERGY USE

NET IMPACT = IMPACT (emissions) system A — AVOIDED IMPACT (emissions) system B

For fossil based plastics the net impact of incineration is more eco-burden,

for biobased plastics and wood it is less eco-burden (a credit) @ |N N @\ MAT
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Composting of bio-waste in LCA : if the net impact is negative it is called a CREDIT

EXTRACTION

ORGANIC > COMPOSTING PROCESSING
TRANSPORT

COMPOST .. But also prevents the use of
(CO-PRODUCT) fertlllzers (resulting in less impact)

l

WASTE

(A) Composting has
environmental impacts...

CROPS

NET IMPACT = IMPACT (emissions) system A — AVOIDED IMPACT (emissions) system B

For natural products (i.e. agricultural waste) the net impact is less eco-burden, P
for biodegradable plastics it is not, since it gives only H20 and CO2 (no compost) @ |N N MAT
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S3 - f Sources of LCl: v
A B = |D| E F G H | J K Q R -
1] Process Total eco-costs of  |eco-costs of |eco-costs of |eco-costs of Environm.
2 eco-costs human health |exo-tocicity [resource carbon Footprint
3 unit euro euro euro | scarcity euro|footprint euro Total Pt Sources of LCI:
1140/ F.120.01 waste treatment, upcycling credit plastics
1141 F.120.01.101 kg  Idematapp2020 ABS, upcycling credit -0.97 -0.05 -0.07 -0.81 -0.06 -0.48 -32.65 5.T2E-06 4.15E-08 -0.293 0.000710  calculations based on vrigin -
1142| F.120.01.102 kg |dematapp2020 bio-PE (Polyethylene), upcycling credit 0.16 -0.02 -0.02 0.02 0.18 153 -6.70 5.52E-06 4 94E-08 -0.106 0.000854  calculations based on vrigin -
1143| F.120.01.103 kg  ldematapp2020 bio-PET (Polyethylene terephthalate, upcycling credit -0.70 -0.09 -0.09 -0.45 -0.07 057 -25.70 5.11E-06 4.13E-08 -0.210 0.000712  calculations based on vrigin -
1144 | F.120.01.104 kg |dematapp2020 CA (Cellulose polymers), upcycling credit -0.32 -0.03 0.02 -0.28 -2.45 -44.76 5.20E-06 4.12E-08 -0.314 0.000748  calculations based on vrigin -
1145| F.120.01.105 kg  ldematapp2020 EVA (Ethylene vinyl acetate), upcycling credit -0.47 0.01 -0.57 0.08 0.68 -21.53 8.77E-06 5.07E-08 -0.248 0.000883  calculations based on vrigin - <
1146 | F.120.01.106 kg |dematapp2020 lonomer, upcycling credit -1.02 . -0.02 -0.78 -0.20 -1.71 . . .
1147 FA2001107 kg Idematapp2020 PA-11 (nylon-11), upcycling credit 065 ! -0.06 0.02 -0.56 481 Tab I es in p ractice:
1148 | F.120.01.108 kg ldematapp2020 PA (nylons, polyamides), upcycling credit -1.69 -0.16 . -0.61 -0.69 597
1149| F.120.01.109 kg ldematapp2020 PC (Polycarbonate), upcycling credit -1.61 -0.15 0.73 -0.57 -4.90
1150 F.120.01.110 . kg |dematapp2020 PE (Polyethylene), upcycling credit -0.61 -0.02 -0.78 0.20 1.72 .
1151 F.120.01111 kg |dematapp2020 PEEK (Polyetheretherketone), upcycling credit -2.36 -0.70 -1.40 -12.03
1152: F.120.01.112 kg |dematapp2020 PET (Polyethylene terephthalate, upcycling credit -0.82 -0.07 -0.57 SI m ap ro O u t p u t eX am p I eS
1153 F.120.01.113 kg |dematapp2020 PHA, PHB (Polyhydroxyalkanoates), upcycling credit -0.20 -0.19 -1.62 - - .
1154: F.120.01.114 kg |dematapp2020 PLA (Polylactide), upcycling credit -0.26 -0.14 147 e n d O f | I fe D r O C es S eS "
1155| F.120.01.115 kg |dematapp2020 PMMA. (Acrilylic Polymethyl Methacrylate), upcycling credit -1.49 =050
1156 | F.120.01.116 kg |dematapp2020 POM, Acetal (Polyoxymethylene), upcycling credit -0.58
157 F.120.01.117 kg |dematapp2020 PP (Polypropylene), upcycling credit -0.60 g g 0
115@ F.120.01.118 Ikg |dematapp2020 PS (Polystyrene), upcycle credit -0.98 U p CyC I I n g C r ed I tS O f p I aSt I C S
1159| F.120.01.119 kg |dematapp2020 PTFE, Teflon (Polytetrafluoroethylene), upcycling credit -1.30
1160 F.120.01.120 kg |dematapp2020 PTT (Polyltrimethylene terephthalate) , upcycling credit -0.59 . . . .
1161 F.120.01.121 kg ldematapp2020 PUR (Polyethane), upcycling credit -1.37 -
1162 F.120.01.122 Ikg |dematapp2020 PVC (Polyvinylchloride), upcycling credit -0.32 u p C | yC I I n g C red I tS Of b I 0 p I aSt I C S
1163 F.120.01.123 kg ldematapp2020 Starch-based thermoplastics (TPS), upcycling credit 0.24
1164 | F.130.01 waste treatment, waste handling, collection & sorting
1165 F.130.01.101 . kg |dematapp2020 anaerobic digestion (fermentation) cow dung -0.0075 . .
1166 F130.01.102 kg Idematapp2020 anaerobic digestion (fermentation) food waste 0.0278 com p ostin g an d fe rmentation
1167 | F.130.01.103 kg |dematapp2020 anaerobic digestion (fermentation) garden waste -0.0238
1168 | F.130.01.104 kg ldematapp2020 composting biodegradable plastics 0.0000 X
1169 F.130.01.105 ki |dematapp2020 composting organic waste (without transport -0.0027 -0.0002 -0.0005 -0.0002 -0.0018 -0.0155 H 1 141
11?[1 F.130.01.106 kg Idematagzzzozo Iandﬁpl(l)(ine?t wgste, not hioctiegradahle) per) 0.1160 0.0000 . W aS t e h an d | I n g aC t I VI tl eS
1171 F.130.01.107 kg  ldematapp2020 landfill organic waste without CH4 emission prevention 0.2749 0.0051
1172 F.130.01.108 kg |dematapp2020 metal scrap stockpile 0.0000 0.0000 - 0.0000 .
1173 F.130.01.109 kg ldematapp2020 plastic waste, collection&sorting 0.0323 5 0.0188 0.0101 0.0869
1174 F.130.01.110 kg  Idematapp2020 Scrap separation 0.0023 s 0.0004 0.0005 0.0013 0.0111
1175 F.130.01.111 kg  Idematapp2020 Scrap, collection&sorting (alum.) 0.0161 0.0007 0.0009 0.0094 0.0050 0.0434
1176 F.130.01.112 kg |dematapp2020 Scrap, collection&sorting (copper) 0.0161 0.0007 0.0009 0.0094 0.0050 0.0434 .
1177 F.130.01.113 kg  Idematapp2020 Scrap, collection&sorting (iron) 0.0108 0.0005 0.0006 0.0063 0.0034 0.0290 U RL WWW. eCOCOStsvalue .com tab data
1178 F.130.01.114 kg |dematapp2020 Scrap, collection&sorting (other non-ferro metals) 0.0323 0.0014 0.0017 0.0188 0.0101 0.0869
" ?Ez F.130.01.115 kg  Idematapp2020 Scrap, collection&sorting (Pb) 0.0269 0.0012 0.0014 0.0157 0.0084 0.0724 Tab I e I d em atap p 2 O 2 O
1180 F.130.01.116 kg  Idematapp2020 Scrap, collection&sorting (Stainless st) 0.0323 0.0014 0.0017 0.0188 0.0101 0.0869 -
4404

Introduction | Idematapp 2020 Idematapp2020 midpoints EF sytem (adapted) for PEF rocesses+Eol (in CES) agri-footprint EVR gate to gate EVR cradle to gate 4 »
PP pp p p p g p g g J
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Metals recycling

) The recycling percentage of metals
("upcycling open loop”)

\ * The average residence time of many metals
like copper and stainless steel is about 20
Wo roduction of stainless steel years
* The consequences of such long resident
30 times is that we recycle now what we
\ produced 20 years ago
25 4 *  We recycle nearly 100% of these metals
m \ / * However, since there is a rather big increase
E 20 \ g of the production of metals, we recycle only
Ie) 15 / 60% 0% of the current total production, the
5 \ other 60% has to be virgin
E 10 y =  For open loop upcycling we take this 40%
/ 11 00% 40% 60% ratio as “market mix” of
5 * Also for closed loop upcycling it is often
/ 1 not realistic to take 100% when the
0 ' ' ' ' production volume is growing
1960 1970 1980 1990 2000 2010

INNTIMAT.
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. . . 38| 1 A100.14.109 kg  Idematapp2020 Copper (secondary)
“recycling credit” approach of closed loop recycling 391 A10014110 [k camatapr2020 Copparrs, . i, ade mix (56% i 44% s
320 1 A100.14.111 kg  Ildematapp2020 Gallium, CRM (virgin)
32101 A100.14.112 kg  Ildematapp2020 Gold (primary)
322 1 A100.14.113 kg  Idematapp2020 Gold (secondary)
32301 A100.14.114 kg  Ildematapp2020 Gold trade mix (47% prim 53% sec)
324| 1 A100.14.115 kg  Ildematapp2020 Indium, CRM (virgin)
———————————————— 32501 A100.14.116 kg  Ildematapp2020 Lead (primary)
“y H H W 326 1 A100.14.117 kg  |dematapp2020 Lead (secondary)
VI rgln qua“ty " . 1y 327 1 A10014.118 .kg Idematapp2020 Lead trade mix { 25% prim 75% sec)
I cut off p0|nt 328/ 1 A100.14.119 kg Idematapp2020 Lithium
¢ 329) 1 A100.14.120 kg  Idematapp2020 Magnesium, CRM (primary)

330) 1 A100.14121 kg  Idematapp2020 Magnesium, CRM (secondary)

H a a a 3311 A 10014122 kg  |dematapp2020 Magnesium, CRM, trade mix (57% prim 43% sec)

materials — P roduct 4 use waste 332] 1 A100.14123 kg Idematapp2020 Manganese
3331 A 10014 124 kg ldematapp2020 Mercury (primary)
334 |1 [ | |
503 A.130.02 Materials, plastics, upcycled plastics
504 2 A130.02.101 kg  Idematapp2020 ABS (Acrylonitrile butadiene styrene) upcycled (estimate)
‘Vi r in’ 505| 2 A 130.02.102 kg  ldematapp2020 CA (Cellelose polymers) upcycled (estimate)
g 506| 2 A130.02.103 kg  |dematapp2020 EVA (Ethylene vinyl acetate) upcycled (estimate)

507 2 A130.02.104 kg  Idematapp2020 Flexible Polymeer Foam (PE), upcycled (estimate)
508 2 A130.02.105 kg  |dematapp2020 lonomer, upcycled (estimate)
509 2 A130.02.106 kg  Idematapp2020 Moulded Recycled mixed polymer
510 2 A130.02.107 kg  Idematapp2020 PA-11 (Nylon-11), upcycled, estimate

3L A130.02.108 kg  ldematapp2020 PA (Nylons) upcycled (estimate)
A130.02.109 kg  Idematapp2020 PC (Polycarbonate) upclycled (estimate)

“cut-off at recyclable waste”, also called “recycled content”, approach Awmemo i im0 peboPE Eoyeyisns) ueyeied stimate

A130.02111 kg  Idematapp2020 PEEK (Polyetheretherketone) upcycled (estimate)

515| 2 A130.02.112 kg  ldematapp2020 PET/bio-PET upcycled (estimate)
516 2 A130.02.113 kg  Idematapp2020 PHA and PHB (Polyhydroxyalkanoates, biodegradeble), upcycle
517 2 A130.02.114 kg  Idematapp2020 PLA (Polylactide, starch based biodegradeble plastic), upcyclec
518| 2 AA30.02.115 kg  ldematapp2020 PMMA (Polymethyl methacrylate) upcycled (estimate)
P 519 2 A130.02.116 kg  Idematapp2020 POM (Polyoxymethylene) upcycled (estimate)
- £ X T T T T 520| 2 A130.02.117 kg  Idematapp2020 PP (Polypropylene) upcycled (estimate)
I 521| 2 A.130.02.118 kg  Idematapp2020 PS (Polystyrene) upcycled (estimate)
“cut oﬁ point" I 522| 2 A130.02.119 kg  |dematapp2020 PTFE (Teflon), upcycled (estimate)
| 523 A130.02.120 kg  Idematapp2020 PTT (Polyltrimethylene terephthalate), upcycled, estimate
524| 2 A 13002121 kg  Idematapp2020 PUR (Polyurethane) upcycled (estimate)
. 525| 2 A130.02122 .kg ldematapp2020 PVC (Polyvinylchloride) upcycled (estimate)
> > 526 2 A130.02.123 kg  Idematapp2020 TPS (Starch-based thermoplastics) upcycled (estimate)
m ate rl a | S p rOd UCt u Se WaSte 527| A130.02.124 kg  Idematapp2020. mechanical recycled plastic pellets (downcycled)
ry Eo8/ tari nlactire ruhhare ; _
| Introduction | Idematapp 2020 | Idematapp2020 midpoints | EF syt

‘virgin’

INNTIMAT.
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Relevant for the bio-sphere: multi-product processes in agriculture

PROBLEM: How to distribute the inventory and impacts between
the main product and co-products?

SOLUTION: Use a property of the system to allocate them (allocation)

Example:
ECONOMICALLOCATION
Wool 50% of the total revenue
Meat 45% of the total revenue

Skin for leather 5% of the total revenue
The total impact will be distributed:

Wool 50%
/ \ Meat 45%

wool meat Skin for leather 5%

leather

© INNTIMAT,,
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Examples of opportunities

RAW MATERIALS
DISPOSAL

« Less hazardous materials
 Longer life spans

- Better materials selection:
- From Virgin to Recycled

- Less Energy intensive

+ More remanufacturing&recycling . - Bio-based
TRANSPORTATION (between PRODUCTION
p.hases) - Cleaner production:
- Less Long distance

- Less Energy

- Less Pollution

- Less Chemicals
- Less Waste

- Less weight, Less volume
* Less Fossil fuels USE-PHASE
- Less Pollution of exhaust gasses (if energy intensive)
 Less Heat by better insulation
- Less Electricity by efficiency

- From fossil to renewable energy © I N N "' MAT[,S
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Assignments:

Assignment 3: Compare a few alternatives
at the end-of-life of products

Assignment 4. Compare arechargeable
battery vs a single use alkaline

© INNTIMAT,
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