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Overview

= The value of nature

= Raw material extraction & transformation

= Use phase

= End of life

= 2020 Petro-chemical economy vs. 2050 NetZero
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=PrL Use phase

Figure 1: Phases in the life cycle of a product. Life Cycle Assessment (LCA) is a quantitative tool that facilitates the systematic quantitative
assessment of products, in terms of environmental, human health, and resource consumption considerations. The methodology is internationally
standardised by ISO 14040.
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RMIS - Environmental impacts along the supply chain
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https://rmis.jrc.ec.europa.eu/environmental-impacts-along-the-supply-chain-3dfccf
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Figure 1. Structuring the use phase in sub-phases and related environmental impacts [2]
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(when a product is used)

Product efficiency, durability, and repairability can
influence the environmental impact.

The environmental footprint during use includes energy
consumption and emissions (electricity & fossil fuels).

Products can impact human health, especially through
chemicals or waste generation.

Product availability and affordability affecting different
Socio-economic groups.

Consumer habits and cultural attitudes toward product
longevity and disposal.

Degradation of materials leading to microplastic and
other pollutants.

Exposure to harmful chemicals, like phthalates in
plastics and flame retardants in electronics.

Respiratory issues from emissions related to product
use (e.g., vehicles).

Skin conditions or allergies due to exposure to synthetic
materials.

Long-term health effects from the continued exposure
to low-level toxins.
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Environmental impacts of engineered products and
materals

1.Energy Consumption: Many products, especially electronic devices and appliances,
consume a substantial amount of energy during their use phase. This can lead to
Increased greenhouse gas emissions if the energy is sourced from fossil fuels.

2.Resource Depletion: Continuous use of products often requires resources such as
water, cleaning agents, and other consumables, which can contribute to resource
depletion

3.Emissions and Pollution: Products like vehicles and industrial machinery can emit
pollutants during their use phase, contributing to air and water pollution

4.Waste Generation: The use phase can generate waste, such as packaging materials,
disposable components, and maintenance-related waste

Environmental footprint of your product's use phase

Wakeman ~


https://ecochain.com/blog/the-environmental-footprint-of-the-use-phase/
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Examples of products, impacts, benefits

1.

Automobiles

Environmental Impacts; Cars emit greenhouse gases and pollutants like CO2, NOx, and particulate matter,
contributing to air pollution and climate change.”They also consume significant amounts of fossil fuels

Societal Impacts: Automobiles Provide mobility and convenience but can lead to traffic congestion, accidents, and
health issues related to air pollution

. Refrigerators

Environmental Im;t:acts: Refrigerators consume electricity, which can lead to higher greenhouse gas emissions if the
electricity is generated from fossil fuels. Older models may also use refrigerants that are harmful to the ozone layer

Societal Impacts: They improve food preservation and safety, reducing food waste and supporting better nutrition

. Smartphones

Environmental Impacts: Smartphones require energy for char?in_g and can contribute to electronic waste. The
production and disposal of smartphones involve hazardous materials

Societal Impacts: They revolutionize communication, access to information, and social connectivity but can also lead
to issues like digital addiction and privacy concerns / mental health issues

. Industrial Machinery

Environmental Impacts; Industrial machinery often consumes large amounts of ener?y and water, and can emit
pollutants during operation. This contributes to resource depletion and environmental degradation.

Societal Im]pacts: These machines increase productivity and economic growth but can pose health and safety risks
to workers it not properly managed.

. Household Appliances (e.g., Washing Machines)

Environmental Impacts: Washing machines use water and electricity, contributing to resource consumption and
energy-related emissions. Detergénts used can also impact water quality.

Sogieta!cl InBrl)lacts: They save time and labor, improving quality of life, but can lead to increased household energy
and water bllls.
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ropogenlc ml“lons 8 | Research | 13May 2018
. . .. c
The Impact of Individual Anthropogenic Emissions Sectors on the Global Burden of <
u Human Mortality due to Ambient Air Pollution IS
Q
Authors: Raquel A, Silva, Zachariah Adelman, Meridith M. Fry, and J. Jason West B AUTHORS INEO & AFFILIATIONS R4
Publication: Environmental Health Perspectives  Volume 124, Issue 11 + Pages 1776 - 1784 + hups:/dol.org/10.1289/EHP177 g
A" 5,225 [animetic 11 I DAL m
Background:
Exposure to ozone and fine particulate matter (PM2.5) can cause adverse health effects, including premature mortality due to
|
O a cardiopulmonary diseases and lung cancer. Recent studies quantify global air pollution mortality but not the contribution of

different emissions sectors, or they focus on a specific sector.

* Anthropogenic ozone
= 493,000 deaths/year

= Land transportation greatest impact i
(80,900 deaths/year, 16% global aom [ 22
burden),

« Anthropogenic PM 2.5
= 2.2 million deaths/year o
= |nhalable particles with diameters

(B) PM, s mortality

90°N

30°N

generally 2.5 micrometers and -

smaller POt U WS TN ... (HUN.. U SO S D S U S
= Residential and Commercial sector N ; — ; ; ; »

contributed the most to PM 2.5 9°°§8;):—_15;°w 12c;°w 9oi’w 50°W 3oi’w o 30:°E 60°E 9c;°E 126°E 150°E  180°

related premature mortality 675,000

deaths/year, 30%). 03 N

deaths per year per 1000 km?

Figure 1. Premature ozone-related respiratory mortality (A) and PM,s-related mortality [ischemic heart disease (IHD) + stroke + chronic obstructive pulmonary
disease (COPD) + lung cancer (LC)] (B) in 2005 (deaths per year per 1,000 km2), shown as the mean of 1,000 Monte Carlo simulations.
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The Impact of Individual Anthropogenic Emissions Sectors on the : :
- - - - . | I
Global Burden of Human Mortality due to Ambient Air Pollution Environmental Health Perspectives + voLUME 124 | NUMBER 11 | November 2016 1779
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EPFL  Qur Petro-chemical economy is not good for us
* Cancer is one of the leading causes of Snppooi b N

death globally, accounting for almost 60% i oreermenatemeraityor ity o DA e one ot yearel
of deaths, according to the WHO. Lung
cancer was the most lethal form of cancer Hieh oo s
n 2020, linked to 1.8 million deaths. It’s T et — g
also the second most common cancer
after breast cancer. i)

e de: zjsizji:f:;n':l Smentlsts have uncovered how air

Child stunting 27.52 million po[[uﬂon causes Iung cancer
A I I C a n C e r S Diet low in vegetables 20.66 million

Low physical activity 15.7 million Sep 28,2022
Non-exclusive breastfeeding 8.38 million

Vitamin A deficiency || 2.66 million
Number of new cases in 2020, both sexes, all ages Number of deaths in 2020, both sexes, all ages Zinc deﬁciency 148,447

Data source: IHME, Global Burden of Disease (2024) OurWorldinData.org/burden-of-disease | CC BY

Lung
1796 144 (18%)

Lung Other cancers
2206771 (11.4%) 3557464 (35.7%)

2261419 (11.7%)
Colorectum Colorectum

S A They have also discovered a molecule which helps

\ i / N prevent cells in the lung from becoming cancerous,
kol s sl £ab 003 e7%) y Seares (r7%) Which Could accelerate the development Of new cancer

Deaths by risk factor, World, 2021

05677 4750 Toms 103 6% Seaore s 499 65%) medicines.
Total: 19 292 789 cases Total: 9 958 133 deaths

™
@ onal Agency h
E 'nz‘at:,:::dA:::,Z . @ GLOBAL CANCER GCO Scientists establish link between air pollution and lung cancer | World Economic Forum
W @ OBSERVATORY 365
=
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Data review: how many people die from air pollution? - Our World in Data



https://www.who.int/news-room/fact-sheets/detail/cancer
https://www.weforum.org/stories/2022/09/lung-cancer-air-pollution/
https://ourworldindata.org/grapher/number-of-deaths-by-risk-factor
https://ourworldindata.org/data-review-air-pollution-deaths
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= World bank e s e

* Leading environmental risk to health, causing 7 Doctors say fossil fuel addiction’ kills,
million premature deaths each year. starves millions

« This is equivalent to the number of people that have
died from COVID-19 since March 2020.

» Globally costs an estimated $8.1 trillion in 2019,
6.1% global GDP.

* In individual countries, the economic burden of
pollution associated with premature mortality and
morbidity is also significant, equivalent to 5 to 14%
of countries' GDPs.

BY SETH BORENSTEIN

Y Published 1238 AM GMT+1, October 26, 2022 Share

= <E WORLD BANK GROUP ~ Trending Data | Over half of global population distrust government instit

Extreme weather from climate change triggered hunger in nearly 100 million people
and increased heat deaths by 68% in vulnerable populations worldwide as the world’s
“fossil fuel addiction” degrades public health each year, doctors reported in a new
study.

Worldwide the burning of coal, oil, natural gas and biomass forms air pollution that kills
1.2 million people a year, including 11,800 in the United States, according to a report
Tuesday in the prestigious medical journal Lancet.

“Our health is at the mercy of fossil fuels,” said University College of London health and
climate Marina ive director of the Lancet Countdown.
“We're seeing a persistent addiction to fossil fuels that is not only amplifying the health
impacts of climate change, but which is also now at this point compounding with other
concurrent crises that we're globally facing, including the ongoing COVID-19 pandemic,
the cost-of-living crisis, energy crisis and food crisis that were triggered after the war in
Ukraine”

POHUUOH Doctors say 'fossil fuel addiction' kills, starves millions | AP
News
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https://www.worldbank.org/en/topic/pollution
https://apnews.com/article/science-health-public-pollution-air-32b8f7b5ec87694c0ff8479834b8ba13
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=PFL Towards being healthy

= 116-year-old Tomiko Itooka (b. 23 May 1908) is now the world’s oldest living
woman and oldest living person

Wakeman

Life expectancy

The period life expectancy® at birth, in a given year.

Japan

Switzerland

Finland

Germany

United Kingdom
United States

China

World

Less developed regions

80 years

70 years

60 years

50 years

40 years

30 years
20 years
116-year-old Japanese woman confirmed as world’s oldest living person | Guinness World Records
10 years
O years T T )
1850 1900 1950 2000 2023
Data source: UN WPP (2024); HMD (2024); Zijdeman et al. (2015); Riley (2005) OurWorldinData.org/life-expectancy | CC BY

1. Period life expectancy: Period life expectancy is a metric that summarizes death rates across all age groups in one particular year. For a given
year, it represents the average lifespan for a hypothetical group of people, if they experienced the same age-specific death rates throughout their
whole lives as the age-specific death rates seen in that particular year. Learn more in our articles: “Life expectancy” - What does this actually
mean? and Period versus cohort measures: what'’s the difference?

B MSE-433

Life Expectancy - Our World in Data



https://www.guinnessworldrecords.com/news/2024/8/116-year-old-japanese-woman-confirmed-as-worlds-oldest-living-person
https://ourworldindata.org/life-expectancy

=P7L Use phase emissions - how we travel matters

Carbon footprint of travel per kilometer, 2022

The carbon footprint of travel is measured in grams of carbon dioxide-equivalents per passenger kilometer. This
includes the impact of increased warming from aviation emissions at altitude.

Our World
in Data

# Edit countries and regions

A Table |u Chart

Domestic flight 246¢g
Diesel car

Petrol car
Short-haul flight
Long-haul flight
Motorbike

Bus (average)

Bus (local London)

Plug-in hybrid

Electric car 47 g

National rail 35¢g
29g
28g
27g

19g

Tram

London Underground
Coach (bus)

Ferry (foot passenger)

Eurostar (to Paris) 8 4 g

Data source: UK Government, Department for Energy Security and Net Zero - Learn more about this data

Note: Official conversion factors used in UK reporting. These factors will vary across countries depending on energy mix, transport
technologies, and occupancy of public transport. Data for aviation is based on economy class.

OurWorldinData.org/transport | CC BY
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oy . . . . Our World
Inequalities in CO, emissions from air travel
Shown is the breakdown of global CO, emissions from passenger air travel and population by income group in 2018*

Populations living in the highest income countries account for 16% of the
wur\d population, but emit 62% of CO, from passenger air travel

ish income | ! O cnisionsfrom i rave
countries _ 16% of population
‘Richest’ half of the world

Upperfmidd\e_ 28% emit 90% of CO, emissions
income from passenger air travel
I - A

Lower-middle [N % . v
income Poorest’ half of the world
I, -

but emit 10% of CO,emissions
from passenger air travel
L ow income I 1% of CO, emissions from air travel
countries I 9% of population

Populations living in the lowest income countries account for 9% of the
world population, but emit only 1% chO: from passenger air travel

*Note: this is based on the World Bank income grouping of the country rather than the income level of populations within a given country. It therefore does not account for the inequalities
in air travel within a given country population.
OurWurldeata Drg Research and data rogress against the world's largest problems.

i ssanne Becken and Paresh Pant 19). E i on the International C n for

under CC-BY by the author Hannah Ritchie

Which form of transport has the smallest carbon footprint? - Our World in Data

B MSE-433
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https://ourworldindata.org/travel-carbon-footprint
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Petrol

Diesel

Renewable electricity @H
N\

Mixed electricity (based on EU average) I

100% coal electricity (indicative)

Passenger vehicle transport use phase CO,

Social evolution vs. Technological evolution

Road transport = 75% of emissions from the sector

By 2050, number of cars increase by 2x

Vehicles much more efficient today but offset by our
driving more km

_E]
_E3

L 1
0 50

Vehicle production and disposal Fuel production . (02 exhaust emission
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1 1 ! 1 1
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We need to power EVs with renewable energy, not coal

Not enough renewable energy to recharge world’s EVs
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TRANSPORT €02 EMISSIONS IN THE EU

Emissions breakdown by

transport mode (2016)
civil aviation railways water navigation other
13.4% 0.5%

motorcycles

26.2%
heavy duty trucks

11.9%
light duty trucks

— 60.7%

cars

https://www.europarl.europa.eu/news/en/headlines/society/20190313ST0O31218/co
2-emissions-from-cars-facts-and-figures-infographics

https://qph.fs.quoracdn.net/main-qimg-
434b21caa94121cf2d1f22e75a9dbaal
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Global airline passenger capacity and traffic
Available kilometers is a measure of passenger carrying capacity: it is the number of seats available multiplied by

the number of kilometers flown. Passenger seat kilometers measures the actual number of kilometers flown by
paying customers.

Our World
in Data

10 trillion km
8 trillion km
6 trillion km
VAvailab\e seat km
4 trillion km
V Passenger seat km
2 trillion km
O km ¢ +
1929 1940 1960 1980 2000 2021

Data source: International Civil Aviation Organization via Airlines for America (2023)
OurWorldInData.org/transport | CC BY

Global carbon dioxide emissions from aviation

Aviation emissions includes passenger air travel, freight and military operations. It does not include non-CO.
climate forcings, or a multiplier for warming effects at altitude.

Our World
in Data

c
Global CO, emissions @©
fromaviation 1.04 billion tonnes g

1bn C0,in2018 §
4-5% growth per

200M year since 2010

800M

700M Financial crisis

600M

Doubled since 1987
500M o
Aviation as a share of
global CO, emissions
400M 4%
2%
300M Qo exudng land use change

Aviation emissions have
quadrupled since 1966 :
o,

o 2.5%
2% 5E0] emissions.
including land use change

200M
2.3% of CO2

2% of CO2

in 1990 in 2000
100M 1%
0
1940 1950 1960 1970 1980 1990 2000 2010 2020

OurWorldinData.org - Research and data to make progress against the world’s largest problems.
Source: Lee et al. (2020). The contribution of global aviation to anthropogenic climate forcing for 2000 to 2018; based on Sausen and Schumann (2000) & [EA
Share of glabal emissions calculated based on total CO, data from the Global Carbon Project. Licensed under CC-BY by the author Hannah Ritchie.

= Domestic and international; passenger and freight, accounts for:
* 1.9% of greenhouse gas emissions (which includes all greenhouse gases, not only CO2)

o 2.5% of CO2 emissions

« 3.5% of 'effective radiative forcing' — a closer measure of its impact on warming.

= Aviation emissions have doubled since the mid-1980s.

= But, they’ve been growing at a similar rate as total CO2 emissions — this means its share of global emissions has

been relatively stable: in the range of 2% to 2.5%.

Climate change and flying: what share of global CO2 emissions come from aviation? - Our World in Data



https://ourworldindata.org/ghg-emissions-by-sector
https://ourworldindata.org/co2-emissions-from-aviation
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e.g. in China over the past few decades 7%
Source: Yu, J. et al. (2020). 60000
Singapore _ 50000
Finland _
Iceland _ 40000
Australia _
United Kingdom 30000
Sweden _ 20000 -
New Zealand _
Canada _ 10000
Israel _
o | 200 400 600 800 1,000 1,200 1,400 0
Worgig.dlzf;rage per capita CO2 (kg)
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= The CO, emissions per revenue tonne
km, (RTK) has decreased over time witt
efficiency gains

» atonne of “revenue load” of 100000
passengers or freight being carried one
kilometer 90000

= QOverall aviation turnover and 80000

emissions have increased dramatically,

mdomestic madjusted international

Not every tonne of aviation CO2 is created equal | International Council on
Clean Transportation (theicct.org)

mmmm turnover (million RTK)

—#— CO: emission per RTK (kg/rtk)

1979 1984 1989 1994 1999 2004 2009

Innovati
"I hR

- o o i S B
el b BN

2014

Emissions from Chinese aviation ‘could quadruple by 2050’ - Carbon
Brief

womn CO: emission  (thousand tonnes)
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https://www.carbonbrief.org/emissions-from-chinese-aviation-could-quadruple-by-2050
https://theicct.org/blog/staff/not-every-tonne-of-aviation-CO2

=Pl We use toxic materals
for our safety

= Strontium chromate

 Anti-corrosion aluminum treatment (banned for
automotive, permitted in aerospace, being
phased out)

INntroducing
more eco-efficient
chemical treatments for

aircraft structure
Towards a chromate-free Airbus

the future latory fi k at the

Sign In English (en)

Aboutus  News  Contact  Jobs

EUAGPEAN CHEMICALS AGENCY

LEGISLATION CONSULTATIONS SEARCH FOR CHEMICALS SUPPORT

CHA > Substance Information

ECHACHEM

ECHA CHEMICALS DATABASE

REACH Registration data can be found in the new ECHA CHEM database. The old "Registered substance factsheets” )
7

The future of the aircraft industry’s impact on th g1

i is | to Airbus, i ly carliest possible stage in design, rather than
searching for more eco-efficient values, from the implementing reactive solutions, has proved to be
first step of the design and throughout the aircraft’s the most appropriate response to the various

will be avallable on this web site during the transition period but have not been updated since 19 May 2023, More
entire life cycle (see figure 1). Airbus integrated growing environmental challenges. Therefore,

eco-efficiency values into its core strategy and was ~ Airbus has

hed iniatives to progressivel
the first acronautical company to obtain the ISO  replace the most hazardous substances and proces- Substance Infocar

14001 environmental certification for all its ses. This article introduces the Airbus roadmap for
Euroy Union (EU) ing sites and replacing chi ini ials and pro-
product related activities. Proactive approach, cesses with more environmentally friendly ones.

Strontium chromate

Groupe: 9 o [

Properties of concern

Regulatory process names 15 Translated names 22 TUPAC names 12 Trade nan Other ides

Substance identity Hazard classification & labelling

“ EC / List no.: 232-142-6
e Carcinogenic
Francois MUSEUX  Ralf THlﬂLMANN CAS nin: T789-08-2 .
3 Expert  ACF Project l\’ganager Danger! According to the harmonised classification and labelling
5 and g : Mol. formulas Cro4sr (CLPOO) approved by the European Union, this substance may cause A majority of data submitters agree this
Airbus Customer Services Materials and Processes cancer, is very toxic to aquatic life, is very toxic to aguatic life with substance Is Skin sensitising

Mare detal

Airbus Engineering

long lasting effects and Is harmful if swallowed.

Substance Information - ECHA FASTA45.pdf

B MSE-433

Inventing new best practices
to disassemble and recycle
end-of-li

Bircraft

Optimizing
aircraft operations
and malntenance for enhanced
enviranmental performance

Chromate usage

Among a number of initiatives in
that respect, the Airbus Chromate-
Free (ACF) project aims to
progressively develop new eco-
efficient alternatives to all appli-
cations and  processes  using
chromates (sce figure 2) and offer
these new  solutions  widely,
bringing an  overall  benefit
throughout the life cycle of the
aircrafl, including for maintenance
operations,

The ACF project involves all
keholders and the mill
for eli ion of ch

1 -
g ma
o tha eendrani
0 clean
and procassas

In'aEﬁt‘W n research to
design

cleaner alrcraft

Managang the
supply chain
for a shared viskan
of environmenta
rasparsibility

npact of

uring

chromium trioxide, zine and po-
tassium chromate), are often found
in numerous processes such as:
+ Surface treatment applications:
- Chromic acid anodising,
= Acidic etching (pickling),
- Conversion coatings,
- Hard chrome plating.
+ Painting and bonding processes:
- External and internal painting,
- Bonding primer,
- Sealants.
+ And other additional
applications:
- Electrical and electronic

Comprehensive research studies
have been conducted for years,
The ACF project was initiated in
2006 to ensure that mature
alternative options and technical
solutions be available for all
Airbus  programmes  without
compromising technical perfor-
mance and quality.

For over 50 years, hexavalent
chromium has been used as
corrosion=inhibiting compounds
with the protection of metallic
surfaces as one of its most
important applications, Thanks to
chromates, the protection was
ensured for the 30-year aircraft
lifespan without compromising
flight safety, even in extremely
severe  conditions. Chromates
(such as strontium chromate,

The hazardous properties of these
substances  and the resultant
regulatory pressure for repla-
cement have recently reinforced
the need to replace them with less
hazardous substances,

'Aiu:rafl life cycle
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- notes

Chromium is a chemical
element that has the symbol Cr
and atomic number 24. 1t is

@ steely-grey, lustrous, hard metal
that takes a high polish and has
& high melting point. The name

of the element is derived from
the Greek word ‘chroma’ meaning
colour; many of its compounds
belng Intensely colourad.

Hexavalent chromium refers
fo chemical compounds that
contain the element chramium
In the +6 oxldation
such compounds
trioxide or the chromic acid
or dichromic ackd. Chromate
have a yellowish colour,
dichromate salts are orange.
Chromium V1 compounds

a synonym for Chromium
nt: Crivi).

chromium
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https://aircraft.airbus.com/sites/g/files/jlcbta126/files/2022-04/FAST45.pdf
https://echa.europa.eu/substance-information/-/substanceinfo/100.029.220

