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=P Revisit Green Chemistry
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= Green Chemistry — a first formulation of
sustainability & material production (today
- we will touch on this a little more)

. Prevention. It 15 better to prevent waste than to treat or

clean up waste after it is formed.

. Atom Economy. Synthetic methods should be designed to

maximize the incorporation of all materials used in the
process into the final product.

Less Hazardous Chemical Synthesis. Whenever
practicable, synthetic methodologies should be designed to
use and generate substances that pose little or no toxicity
to human health and the environment.

. Designing Safer Chemicals. Chemical products should be

designed to preserve efficacy of the function while
reducing toxicity.

. Safer Solvents and Auxiliaries. The use of auxiliary

substances (e.g. solvents, separation agents, etc.) should
be made unnecessary whenever possible and, when used,
innocuous.

. Design for Energy Efficiency. Energy reguirements of

chemical processes should be recognized for their
environmental and economic impacts and should be
minimized. If possible, synthetic methods should be
conducted at ambient temperature and pressure.

7. Use of Renewable Feedstocks. A raw material or feedstock

9.

10.

should be renewable rather than depleting whenever
technically and economically practicable,

. Reduce Derivatives, Unnecessary derivatization (use of

blocking groups, protection/ deprotection, temporary
modification of physical/chemical processes) should be
minimized or avoided if possible, because such steps
require additional reagents and can generate waste.
Catalysis. Catalytic reagents (as selective as possible) are
superior to stoichiometric reagents,

Design for Degradation. Chemical products should be
designed so that at the end of their function they break
down into innocuous degradation products and do not
persist in the environment.

. Real-Time Analysis for Pollution Prevention. Analytical

methodologies need to be further developed to allow for
real-time, in-process monitoring and control prior to the
formation of hazardous substances.

. Inherently Safer Chemistry for Accident Prevention.

Substances and the form of a substance used in a chemical
process should be chosen to minimize the potential for
chemical accidents, including releases, explosions, and
fires.




=L What s synthetic A+B_ AB
GhemiStI'Y? Reactants Product

= “Synthetic chemistry is the
branch of chemical science
Involved with developing means
of making new chemicals and
developing improved ways of
synthesizing existing
chemicals. A key aspect of
green chemistry is the
Involvement of synthetic
chemists in the practice of
environmental chemistry. ”

0 2025

Svynthetic and green chemistry



https://chem.libretexts.org/Bookshelves/Environmental_Chemistry/Green_Chemistry_and_the_Ten_Commandments_of_Sustainability_(Manahan)/02%3A_The_Key_Role_of_Chemistry_and_Making_Chemistry_Green/2.06%3A_Green_Chemistry_and_Synthetic_Chemistry

=PFL  Revisiting the E-factor

E-factor (environmental impact factor) — mass of total waste divided

0 2025

by mass of total product

Cake recipe (please don’t try)
Ingredients (reagents):

 2eggs

« 2 cups flour

« 1/2 cup ol

* 1/2 cup milk

1 cup sugar

« 1 tsp baking powder
» 1 tsp baking soda

» Y5 tsp salt

« 1 tsp vanilla

Method

Fry your eggs into an omelet
In one bowl: mix oil, milk,
sugar, and vanilla (wet
ingredients)

In a second bowl: Mix flour,
baking powder, baking soda.
Baking powders, and salt (dry
ingredients)

Add dry ingredients to wet
iIngredients

Pour mixture into mold and
bake until you have a cake!

What’s my E-factor?

Mass of omelet/mass of cake
> 0, because | generated
waste

If | added the eggs to my
actual cake (can make
sense):

E-factor = 0, since all my
ingredients end up in my
actual cake! (Best scenario)



=PFL  Example from last week
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Principle 1 — Waste prevention

Traditional preparation of ethylene oxlde
Step 1

- e (O
Step 2

Cl
\—\) + CalOH), —= @
H

E-factor = &
owver two steps

Mew route to ethylene oxide
- — @
-factar = 0.3

E-factor (environmental impact
factor) — mass of total waste divided
by mass of total product

Traditional reaction mass balance:

Products in red circle; waste in green circle; E-factor
IS mass of red divided by mass of green

« E-factor step 1: 80.5135 g/mol / 36.46 g/mol =
2.21

« E-factor in step 2: 110.98 g/mol + 18.015 g/mol /
44.05 g/mol =2.93

E factor over two steps = 5

New route is better: 16 g/mol /44.05 g/mol= 0.36

« DOI: 10.1039/B918763B (Critical Review) Chem. Soc. Rev., 2010, 39, 301-312
* https://www.pnas.org/doi/epdf/10.1073/pnas.0804348105


https://doi.org/10.1039/B918763B
https://doi.org/10.1039/1460-4744/1972

=Pl Revisiting atom economyvs. yleld

AE = MW useful product/MW of reagents * 100%; measures efficiency of reaction

0 2025

%Yield = actual mass of product/theoretical mass of product * 100%; doesn’t say anything
about efficiency, more about how effective your reaction is

Cake recipe (please don’t try)
Ingredients (reagents):

» 2 cups flour

e 2eggs

« 1/2 cup ol

* 1/2 cup milk

1 cup sugar

« 1 tsp baking powder
» 1 tsp baking soda

» Y5 tsp salt

« 1 tsp vanilla

Method

Fry your eggs into an omelet
In one bowl: mix oil, milk,
sugar, and vanilla (wet
ingredients)

In a second bowl: Mix flour,
baking powder, baking soda.
Baking powders, and salt (dry
ingredients)

Add dry ingredients to wet
ingredients

Pour mixture into mold and
bake until you have a cake!

What’s my yield?

Mass of cake/theoretical
mass of cake = 100%

But what about the eggs |
turned into an omelet while
making my cake?

What’s my AE?
Mass of cake/mass of all

ingredients < 100% because
omelet waste



=PL Examples of Green Chemistry in Action

Principle 2 — Atom economy/Atom
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efficiency

The Atom Economy AE

MW Product
AEs ——— "
MW of reagents

Example of a Grignard reaction

OH

O de — oo

AE = 44.2 %
Grignard reagent,
Application to the synthesis of a propargylic amine

Step 1:

Ph
Step 2 =
=% NMe.
MgBr NC.__-NMe, -]
=

+

2x
NC™ ~NMey = NMe;

PH

AE = 56.1%

over 2 steps

Alternative synthesis for propargylic amine: A3 Coupling

S
#Z Q N
Sy
©/./\/JLH. ﬁ_;h/\/\

AE = 92%
Diels-Alder reaction

- =
AE = 100%

MgBr
Z =4
+ Et=Mg—Br ——

Comparing atom economy to % yield:

AE = MW useful product/MW of reagents * 100%;
measures efficiency of reaction

%Yield = actual mass of product/theoretical mass of
product * 100%; doesn’t say anything about efficiency,
more about how effective your reaction is

AE of 100 is ideal! (all atoms in reagent are incorporated
into the product.

« DOI: 10.1039/B918763B (Critical Review) Chem. Soc. Rev., 2010, 39, 301-312
* https://www.pnas.org/doi/epdf/10.1073/pnas.0804348105


https://doi.org/10.1039/B918763B
https://doi.org/10.1039/1460-4744/1972

=PL Examples of Green Chemistry in Action
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Principle 2 — Atom economy/Atom efficiency;
Wittig Reaction

The Wittig Reaction is useful for converting aldehydes and ketones to alkenes

Bonds Bonds
formed broken
1@F-‘Ph;; E]"_:|.|2 0 C.—C: C-0
H’Ex ¥ 'E'{I.':H - H*Ex + l’I'Phs Cr&n Crow
1 1
3 2 2 P-0 C,—P
~ T P-0 (n) CsP ()
Carbonyl compound "Ylide" Alkene Triphenylphosphine
(can be aldehyde (pronounced nlilrja YIphosp
or ketone, but not ester) "ILL-ID")

P=0 bond is very strong,
provides driving force

cyclohexanone (M, 98) + phosphonium ylide (M, 276.0) —

methylene cyclohexane (M, 96) + phosphorine oxide (M, 278)

AE for Wittig
Wittig reaction

Considering the conversion of
cyclohexanone to methylene
cyclohexane, phosphorine oxide is
generated as waste:

Typical yields: > 85% (good, right?)
Atom efficiency:

Useful product MW = 96 g/mol
(methylene cyclohexane)

Reagent MW = 98 g/mol
(cyclohexanone) + 276 g/mol
(phosphonium ylide) = 374 g/mol

AE =96/374 *100% = 26% (AE is
actually low!)


https://www.masterorganicchemistry.com/2018/02/06/wittig-reaction/
https://socratic.org/questions/54350baf581e2a091428223e

=prL 4Click” Chemistry

Azide Alkyne ML

R-N, + =—FR' o~ =l

2 R

CpRUCI{PPh) (cat.
Ren, ¢ =g CEP o)

dioxane, A =L

Mechanism with copper catalyst:

WAy R ? :\ " (Gl [Cu]
_ N
RHH [Q = R—==-" H*
H+
[Cu]
N ;
N7 Sn—R R——=——Cu

0 22/02/2023

5-membered, heteroatomic ring

M
R'\-\.N

https://www.organic-chemistry.org/namedreactions/click-chemistry.shtm

K. Barry Sharpless
The Nobel Prize in Chemistry 2022

Born: 28 April 1941, Philadelphia, PA, USA

Affiliation at the time of the award: Scripps Research, La
Jolla, CA, USA

Prize motivation: “for the development of click chemistry
and bioorthogonal chemistry™

Prize share: 1/3

lll. Niklas ElImehed © Nobel
Prize Outreach Also awarded: The Nobel Prize in Chemistry 2001

Work

Chemists strive to build increasingly complicated molecules. For a long time, this has been
very time consuming and expensive. Barry Sharpless coined the concept of click chemistry,
where molecular building blocks snap together quickly and efficiently. In 2002, Sharpless and
Morten Meldal, independently of each other, developed an elegant and efficient chemical
reaction: the copper catalysed azide-alkyne cycloaddition. This is now in widespread use and
is utilised in the development of pharmaceuticals, for mapping DNA and creating new
materials.

What makes it “click™?

- Efficient

- Benign solvents or easy to purify
- High yield

- One product

- Stereospecific

- low E-factor, high AE

MSE 341
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Bhopal disaster, 2-3 Dec 1984

UNION
CARBIDE

= Union Carbide plant in Bhopal
= World’s worst industrial disaster
= Carbaryl is a wide-spectrum insecticide,

controls over 100 species of insects on
many crops, poultry, livestock and pets

= MIC is a liquid intermediate in carbaryl

synthesis, highly reactive with water to
generate CO,, exothermic, BP is 39.1 °C
(low)

Bhopal

10

MIC

Methylamine 5
_NH, 4 JOL > o stored
CI” ™~Cl | iIntermediate
1 > Phosgene 3
:
OH
0 0~ “NH~
SeA; goe
Naphtol-1
4 3 5 Carbaryl
N
RL C. R

O | Generic carbamate

R3


https://commons.wikimedia.org/wiki/File:Preparation_of_carbaryl_as_in_Bhopal.svg

=P7L  Bhopal catastrophe, 2-3 Dec 1984
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Insecticide demand dropped in early 80s,
leading to accumulation of MIC

History of serious safety issues at plant in
lead-up

Exothermic reaction in MIC liquid storage tank,
atmospheric venting!

500,000 exposed to toxic gas methyl
isocyanate (MIC)

2259 immediate deaths (suffocation)
$470 million payout in 1989

Long terms health effects: eyes, respiratory
Lrac;csﬁ neurological problems, PTSD, children’s
ealt

UC acquired by DOW

https://en.wikipedia.org/wiki/Bhopal disaster

11

Demonstrators marching through the streets of Bhopal to mark the 34th anniv
disaster in 2018

ersary of the Union Carbide gas


https://en.wikipedia.org/wiki/Union_Carbide
https://www.theguardian.com/global-development/2023/jun/14/bhopal-toxic-gas-leak-chemical-environmental-disaster-waiting-for-justice-union-carbide-dow

=PrL
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Principles of Green Chemistry applied to Carbaryl?

Current common synthetic route for carbary!:

1-naphtolchloroformate
1-naphtol Q9

Py
Step 1. ‘

O Cl

+ cocl, —Neod
phosgene

)
e
H

i
I

>:r:>

" =g 0
' i methylamine
Step 2: ‘e + CH,NH, - ‘c
Carbaryl

1-naphtolchloroformate

= Avoids toxic methyl isocyanate and its
accumulation

But:

= Toxic reagents used (phosgene) —used
in chemical warfare in WWI

= 2 steps


https://exchemistry.com/sevin.html

=PFL  Materials Safety Data Sheet (MSDS) of phosgene
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2.2 Label Elements

Contains:

Signal Word:

Hazard Statement(s):

Precautionary Statements

General

Prevention:

Response:

Storage:

phosgene; carbonyl chloride

S

Danger

H280: Contains gas under pressure; may explode if heated.
H330: Fatal if inhaled.
H314: Causes severe skin burns and eye damage.

Mone.

P2&0: Do not breathe gas /vapours.
P280: Wear protective gloves /protective clothing/eye protection,/face
protection.

P303+P361+P353+P315: IF ON SKIN (or hair): Take off immediately all
contaminated clothing. Rinse skin with water / shower. Get immediate
medical advice /attention.

P304+P340+P315: IF INHALED: Remove person to fresh air and keep
comfortable for breathing. Get immediate medical advice/attention.
P305+P351+P338+P315: IF IN EYES: Rinse cautiously with water for several

minutes. Remove contact lenses, if present and easy to do. Continue rinsing.

Getimmediate medical advice /attention.

PA03: Store in a well-ventilated place.
P405: Store locked up.

“Highly Toxic”

Phosgene is a highly toxic, irritating and corrosive gas
to all body tissues. Inhalation can cause fatal
respiratory damage.

e Exposure by inhalation to 20-30 ppm for as little
as 1 minute may cause severe irritation of the
upper and lower respiratory tract, with symptoms
including burning throat, nausea, vomiting, chest
pain, coughing, shortness of breath, and
headache.

e Brief exposure by inhalation to 50 ppm can be
fatal within a few hours.

The vapor is irritating to the eyes and skin at 4 ppm.
As a condensed liquid it can cause severe skin burns
and serious eye damage.”

-Taken from University of New Mexico Standard
Operating Protocol (SOP) for working with phosphene



=Pl 1.-step safer Carbaryl synthesis
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dimethylurea @

“ SEH,
“ Carbaryl

1-naphtol

https://exchemistry.com/sevin.html

Dimethylurea (DMU) (lUPAC systematic name: 1,3-
Dimethylurea) is a urea derivative and used as an
intermediate in organic synthesis. It is a colorless
crystalline powder with little toxicity.

Dimethylurea

Speaker


https://en.wikipedia.org/wiki/IUPAC
https://en.wikipedia.org/wiki/Systematic_name
https://en.wikipedia.org/wiki/Urea
https://en.wikipedia.org/wiki/Dimethylurea

=PFL  Cool, but how safe is Carbaryl?

1. IDENTIFICATION OF THE MATERIAL AND SUPPLIER

1.1 PRODUCT IDENTIFIER:
TRADE MAME: CARBARYL 4L
1.2 RECOMMEMNDED USE: INSECTICIDE FOR AGRICULTURAL OR COMMERCIAL USE
1.3 SUPPLIER DETAILS:
LOVELAND PRODUCTS, INC.
P.0. Box 1286 » Greeley, CO B0632-1286
1.4 24 Hour Emergency Phone: 1-800-424-9300 - Medical Emergencies: 1-866-944-8565 - Product Information: 1-888-574-2878 (LPI-CUST)
U.5. Coast Guard National Response Center: 1-800-424-8802

“All things are poison and nothing is
without poison; only the dose
makes a thing not a poison.”

-Swiss physician and chemist
Paracelsus

2. HAZARDS IDENTIFICATION

21 Classification of the substance or mixture
Classification according to 29 CFR 1910.1200

Acute Toxicity — Oral Category 4 H302 Signal word: DANGER

Acute Taxicity — Inhalation Category 4 H33z2 Hazard Statement: H302 — Harmful if swallowed.

Skin Corrosion/Irritation Category 2 H315 H332 - Harmful if inhaled.

Eye Damage/Irritation Category 28 H320 H315 - Causes skin irritation.

Carcinogenicity Category 2 H351 H320 - Causes eye irritation.

Specific Target Organ Toxicity — Single Exposure Category 1 H370 H351 - Suspected of causing cancer.

Specific Target Organ Toxicity - Repeated Exposure Category 2 H373 H370 — Causes damage to the central nervous system

Agquatic Acute Taxicity H400 H373 — May cause damage to the central nervous system through prolonged or repeated exposure.
Aquatic Chronic Taxicity H410 H400 - Very toxic to aquatic life.

H410 - Very toxic to aquatic life with long lasting effects.
2.2 Label eloments ery q ng lasting

Precautionary
Statement: P264 — Wash hands and face thoroughly after handling.
P270 - Do not eat, drink or smoke when using this product.
(Prevention): P261 - Avoid breathing dust/fume/gas/mistivapors/spray.
P271 - Use only outdoors or in a well-ventilated area.
/ \ P280 — Wear protective gloves/protective clothing/eye protection/face protection.

P201 - Obtain special instructions before use.
P202 - Do not handle until all safety precautions have been read and understood.

| mme d | ate Sk | N , TOX|C tO P260 — Do not breathe dust/fume/gas/mist/vapors/spray.
. P273 - Avoid release to the environment.
eye, or aquatic |
’ Carcinogen 1Al e
1 t t k g W|Id||fe Statement: P301+P312: ¥ SWALLOWED: Immediately call a POISON CENTER or doctor/physician if you feel unwell.
respl ra Ory rac . (Response): P330 - Rinse mouth.
irr |tant or or Ch ronic P304+P340: i INHALED: Remove person to fresh air and keep at rest in a position comfortable for breathing.
' P312 - Call a POISON CENTER or doctor/physician if you feel unwell.
H IO ng'te m P302+P352: i ON SKIN: Wash with plenty of soap and water.
narCOUC P321 - Specific treatment (see additional First Aid information on the product label)
he alth hazard P332 - If skin irritation occurs: Get medical advice/attention
P362 - Take off contaminated clothing and wash it before reuse.
- P305+P351+P338 - I IN EYES: Rinse cautiously with water for several minutes. Remove contact lenses if present and
g easy to do — Continue rinsing.
H . H P337+P313 - If eye irritation persists: Get medical advice/attention.
- Don'’t fret — Carbaryl is banned in the EU!
= .
- Since 2006... pesticide approval list PAGE 1 OF 6



https://www.pan-europe.info/old/Archive/About%20pesticides/Banned%20and%20authorised.htm

=PFL A non-comprehensive timeline of sustainability )

1] 7

= Kyoto Protocol (early 2000s) - Carbon as
acurrency

= Paris Agreement (2010s) - Climate
change (1.5 °C)

= UN Sustainable Development Goals -

. FILE - In this April 23, 1970, file photo, part of crowd observing Earth Day,
Road map for pros perlty (20108) including, youngster wearing "Let Me Grow Up:" sign on back relaxes on hilltop in

Philadelphia's Fairmount Park in Philadelphia. (AP Photo)

Silent spring summary

Earth Day
Brundtland Report

B MSE 341



https://ebookcentral.proquest.com/lib/epflch/detail.action?pq-origsite=primo&docID=7080986
https://www.are.admin.ch/are/en/home/media/publications/sustainable-development/brundtland-report.html
https://www.earthday.org/history/

=PFL Kyoto Protocol - 1997

B MSE 341

Adopted in 1997, entered into force in 2005 with 192
parties

Commits industrialized countries (only!) to GHG emission
targets (with agreed individual targets), legally binding

2008-2012 — 1st commitment period) average of 5%
emission reduction compared to 1990 levels

Puts the burden on developed countries - largely
responsible for high levels of GHG in atmosphere
(developing countries had no targets)

Under protocol, targets can be met by market-based
mechanisms, e.g., International Emissions Trading

Kyoto Protocol

Who'’s part of the agreement?

US is not

Chinais not
Australia is not
Canada exited in 2011

Who’s there?
EU

Japan
Switzerland

17


https://unfccc.int/kyoto_protocol

=PrL
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Kyoto Protocol - GHGs as a commodity

Auctions and sales
by mutual agreement o (mtueﬂs ‘A
N
R
PURCHASE CARBON SALE
MARKET

Transactions a
& emitters and pamn%"gants

Excess
GHG

eMissions  ay.catad GHG emission units

Real GHG emissions
emissions

Real GHG
emissions

https://link.springer.com/chapter/10.1007/978-3-030-15424-0 7

Emissions trading?

Accepted targets for emissions

« Spare emissions can be sold
from countries with unused
emission units to countries that
are over their targets

« “Carbon market” — carbon
tracked and traded as a
commodity (raw materials that
can be bought and sold)
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Carbon offset/carbon offset credit

= Carbon offset = reduction in GHG emissions or an increase In
carbon storage

= Carbon offset credit = certifiable unit representing the removal
from the atmosphere of one metric ton of carbon dioxide or its
equivalent (CO,e) in other greenhouse gases

= Doesn’t matter where the GHGs originate, so from a climate
change perspective, there is no difference if a company:

1. Stops the emissive activity

2. Enables an equivalent emission-reducing activity anywhere in
the world

= Carbon offset market, where carbon offset credits can be
bought, sold or traded by companies; companies and people
can compensate for their GHG emission by funding an
equivalent GHG saving elsewhere

19

bym and sales
mutual agreement =1
= o~ Offetcredts . -

PURCHASE CARBON
/‘ MARKET
ra‘nsacbensa
iters ar
HG
emissions  ajiocated GHG emission units
e

Topic be continued — Guest
lecture on this topic

Carbon offset 1
Carbon offset 2



https://www.offsetguide.org/understanding-carbon-offsets/what-is-a-carbon-offset/
https://en.wikipedia.org/wiki/Carbon_offset

=P7. " DOHA amendment i

2"d commitment period, 2013-2020

Hmmm...
= Reduce GHGs by 18% compared to pre-1990
levels * Average life span of NF; in the
atmosphere is 550 years

= Required 144 parties to ratify (3/4 of Kyoto) to . Anth .
enter into force, happened in 2020 with 147 nltozlotefalie

parties « Used mostly for etching in

semiconductor industry
= Nitrogen trifluoride added to list of GHGs;

GWPs of 17,200 for a 100-year time horizon, * Wasn’t listed under Kyoto, and
which means for instance that it is 17,200 replaced hexafluoroethane which was
times more potent compared to CO, at listed
trapping heat in the atmosphere over the same
time span E F
F AN F Hexafluoroethane
/ N\

. . PFC -116

B MSE 341

Kyoto Protocoal



https://unfccc.int/kyoto_protocol

=PrL
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1,000

100

10

Concentration (ppt)

0.1
1975

NF3 Wikipedia

Ozone-depleting substances

Other halogenated gases

1,000
CFC12
P~ HCFC-22
Y
PFC-14
100
A
Methyl
chloroform HFC-134a >
10
A Sulfur > A
Halon-1211 hexafluoride PFC-116
1 HFG152a7/ <HFC123
HCFC-141b »
Nitrogen trifluoride »
0.1

1985 1995 2005 2015 2025

1975 1985 1995 2005 2015

Year

2025

21


https://en.wikipedia.org/wiki/Nitrogen_trifluoride

=PFL A non-comprehensive timeline of sustainability ”
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= Paris Agreement (2010s) - Climate
change (1.5 °C)

= UN Sustainable Development Goals -

. FILE - In this April 23, 1970, file photo, part of crowd observing Earth Day,
Road map for pros perlty (20108) including, youngster wearing "Let Me Grow Up:" sign on back relaxes on hilltop in

Philadelphia's Fairmount Park in Philadelphia. (AP Photo)

Silent spring summary

Earth Day
Brundtland Report

B MSE 341



https://ebookcentral.proquest.com/lib/epflch/detail.action?pq-origsite=primo&docID=7080986
https://www.are.admin.ch/are/en/home/media/publications/sustainable-development/brundtland-report.html
https://www.earthday.org/history/

=P7L  Paris Agreement - backdrop -

Total fossil fuel CO2 emissions, 2000 to 2020
—0.3%/yr/’j_\

+1.9% per year trend from 2015 to 2020

By Efbrazil - Own work, CC
BY-SA 4.0,
https://commons.wikimedia.o
rg/w/index.php?curid=87714
574

-1.7%/yr

-2.8%l/yr
42, Z%Iyr

U%!yr
0 mﬂﬂ]ﬂl- "

United European dia  Russia Rest of
States  Union world

B MSE 341

China
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SEP

JAN

JUL

MAR

APR

MAY

« Temp anomaly

from 1880-2022

* Relative to base
period of 1951-
1980



https://science.nasa.gov/resource/video-climate-spiral-1880-2022/
https://science.nasa.gov/resource/video-climate-spiral-1880-2022/

=PrL

B MSE 341

Paris Agreement - 2015 )

Adopted in 2015, entered into force in 2016

= [nternational treaty to reduce impacts of climate change; although Kyoto is still
technically in force, Paris agreement is now the main global response to climate
change

= Adopted by 196 Parties at the UN Climate Change Conference — COP 21 (US will
withdraw in 2025, for the second time)

= Limit global warming to below 2 °C, preferably 1.5 °C, to reach net-zero
emissions/carbon neutrality

» Requires GHG emissions to be cut by 50% by 2030 — moving towards Net Zero

Paris Agreement



https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement

=PFL  Net zero - balance between GHG emission and
removal from the atmosphere




=PFL  What's new about the
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Paris Agreement?

= Nationally determined contributions (NDCs) for all
countries, not just developed countries

= Countries set their own GHG reduction goals (not
like Kyoto, with 5% in 15t commitment period)

= NDCs submitted every 5 years, increasing ambition

= Carbon markets, voluntary targets, no real
enforcement/peer pressure mechanism...

= What could go wrong?

Paris Agreement

“The world is more likely to warm
slightly more,” said Climate
Analytics and scientist CEQO Bill
Hare. “The more the world warms
the faster we will experience more
extreme weather events such as
flooding, extreme hurricanes, fire,
weather, drought, and heat. The
U.S. will not be exempt from such
events.”

2025 AP News article

27


https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://apnews.com/article/climate-change-trump-paris-agreement-global-warming-58989b924248c4bdde5d261735f0e1cb

EPFL 1.5°C The World Will Likely Miss 1.5 s
] Degrees C—Why Isn’t Anyone

Saying SOP - Scientific American, 2022
1880-1884

Temperature anomaly =

How much warmer or cooler a
place is compared to a standard
reference period

Temperature Anomaly (*C)
I_I | | _
| -2 0 2 =4

Global temperatures

Compared to 1951-1980 average - global mean surface air temperature of 14 °C


https://earthobservatory.nasa.gov/world-of-change/global-temperatures

=PrL

B MSE 341

1.5°C

2015-2019

Global temperatures

The world is going to miss the totemic 1.5°C
climate target

It needs to face up to the fact - The Economist, 2022

Compared to 1951-1980 average - global mean surface air temperature of 14 °C

Temperature Anomaly (*C)

29


https://earthobservatory.nasa.gov/world-of-change/global-temperatures

cPFL 1.5 Oc Described as a temperature tipping point to avoid climate change risks ®

Last 2 Years Warmest on Record

Global Temperature Anomaly (°C compared to the 1951-1980 average)
1.00 1

0.751 2022

0.89°C
0.50 1

0.23

0.00

—0.25 1

50 -
1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
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Global temperatures



https://earthobservatory.nasa.gov/world-of-change/global-temperatures
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1.5°C
u 2025 AP News article

2024 likely to exceed 1.5 C in temperature increase

Degrees Celsius temperature increase compared to 1850-1900 average

17C 1.6C

15 mmmmmmmmmmmsmemmsmssmmmmssemssssmssssssssemmssmsss—ss—s—s——e—————————

13 Scientists caution that long-term /
warming should be limited to 1.5 C
to avoid the worst effects of

11 climate change. - 15°C 9061| IS

0o average over 20
' years

0.7

0.5

0.3

0.1

1980 1984 1988 1992 1996 2000 2004 2008 2012 2016 2020 2024

Source: Copernicus Climate Change Service / Graphic: M.K. Wildeman ﬂ
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https://apnews.com/article/climate-change-trump-paris-agreement-global-warming-58989b924248c4bdde5d261735f0e1cb
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Why is staying below 1.5 °C
important?

= Extreme weather: Severe and more frequent storms
= Sea level rise: Rising sea levels from melting ice sheets
= Ecosystems & biodiversity: Species loss, habitats threatened

= Food & water security: Food shortages, freshwater
shortages/drought, crop failures

» |rreversible damage: past a tipping point
= Health: heat-related diseases, deaths, pollution

= Social & economic: Poverty and displacements; high
mitigation costs




=PFL A non-comprehensive timeline of sustainability )

1] 7

= UN Sustainable Development Goals -

. FILE - In this April 23, 1970, file photo, part of crowd observing Earth Day,
Road map for pros perlty (20108) including, youngster wearing "Let Me Grow Up:" sign on back relaxes on hilltop in

Philadelphia's Fairmount Park in Philadelphia. (AP Photo)

Silent spring summary

Earth Day
Brundtland Report

B MSE 341



https://ebookcentral.proquest.com/lib/epflch/detail.action?pq-origsite=primo&docID=7080986
https://www.are.admin.ch/are/en/home/media/publications/sustainable-development/brundtland-report.html
https://www.earthday.org/history/
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https://sdgs.un.org/goals
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=PrL  Calls for action in 2015 to be reached by 2030 "
(it's 2025 now...)

Basic description

B MSE 341

1
2

0 N O O

End poverty in all its forms everywhere

End hunger, achieve food security and improved nutrition and promote
sustainable agriculture

Ensure healthy lives and promote well-being for all at all ages

Ensure inclusive and equitable quality education and promote lifelong learning
opportunities for all

Achieve gender equality and empower all women and girls
Ensure availability and sustainable management of water and sanitation for all
Ensure access to affordable, reliable, sustainable and modern energy for all

Promote sustained, inclusive and sustainable economic growth, full and
productive employment and decent work for all

Build resilient infrastructure, promote inclusive and sustainable industrialization
and foster innovation


Reduce inequality within and among countries

=PFL Calls for action in 2015 to be reached by 2030
(it's 2025 now...)

Basic description

10 Reduce inequality within and among countries

11 Make cities and human settlements inclusive, safe, resilient and sustainable
12 Ensure sustainable consumption and production patterns

13 Take urgent action to combat climate change and its impacts*

14 Conserve and sustainably use the oceans, seas and marine resources for

sustainable development

15 Protect, restore and promote sustainable use of terrestrial ecosystems,
sustainably manage forests, combat desertification, and halt and reverse land
degradation and halt biodiversity loss

16 Promote peaceful and inclusive societies for sustainable development, provide
access to justice for all and build effective, accountable and inclusive institutions
at all levels

17 Strengthen the means of implementation and revitalize the global partnership for

sustainable development

B MSE 341


Reduce inequality within and among countries

=L Deep dive: SDG 7 (by 2030) “

Access to affordable, reliable, and modern energy services

= Substantially increase share of renewable energy

= Double global rate of improvement in energy efficiency

= Promote investment in energy infrastructure and clean energy technology &
International cooperation

= Expand infrastructure and upgrade technology for supplying modern and sustainable
energy services for all in developing countries

B MSE 341

SD Goals


Reduce inequality within and among countries

=PrL
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Deep dive - SDG 7 progress

- By 2023, >2 billion will still use harmful
cooking oils & 660 million will be without
electricity

- Share of renewable sources in total final
energy consumption rose to around 19%
in 2021

https://sdgs.un.org/goals
Why the war in Ukraine is driving up Europe’s use of coal—and its price

? AFFORDABLE AKD
CLERH ENERGY

vy

.. | ENSURE ACCESS TO AFFORDABLE, RELIABLE,
@: | SUSTAINABLE AND MODERN ENERGY FOR ALL

LIGHTS OUT:

675 MILLION PEOPLE
STILL LIVE IN THE DARK

.......................... MW srssrieisnsrsssssrnaniosssars

A4 OF THEM ARE IN
SUB-SAHARAN AFRICA

[2021)

ENERGY EFFICIENCY IMPROVEMENT
(1N ) MORE THAN DOUBLE J1BY .53

ANNUAL ENERGY-INTENSITY IMPROVEMENT RATE

NS .
] I
[

[ ] *
[
[ ]
3.4%
ACTUAL NEEDED
[2015-2020) [2020-2030)

IF CURRENT TRENDS CONTINUE,

11N 4 PEOPLE WILL STILL USE UNSAFE AND
INEFFICIENT COOKING SYSTEMS BY 2030

INTERNATIONAL PUBLIC FINANCING
FOR CLEAN ENERGY FOR DEVELOPING
RG] CONTINUES T0 DECLINE

2017 2018 2019 2020 2021

MODERN RENEWABLES POWER NEARLY 30% OF ELECTRICITY,
BUT REMAIN LOW IN HEATING AND TRANSPORT (20

e
= - K

MODERN

nencwantes:  10.4%


https://sdgs.un.org/goals
https://www.economist.com/the-economist-explains/2022/05/09/why-the-war-in-ukraine-is-driving-up-europes-use-of-coal-and-its-price

=PrL
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Deep dive - SDG 9 Goals (by 2030) T R

Quiality, reliable, sustainable and resilient infrastructure for economic
development and human well-being

Significantly raise industry’s share of employment and gross domestic
product, doubling share in least developed countries

Increase access of small-scale industrial and other enterprises,
especially in developing countries, to financial services, including
affordable credit, and their integration into value chains and markets

Upgrade infrastructure and retrofit industries to make them
sustainable

Image by Gerd Altmann

Enhance scientific research and upgrade tech capabilities of industrial

sectors in all counties, especially developing countries https:/fsdgs.un.orglgoals/goals



BUILD RESILIENT INFRASTRUCTURE, PROMOTE INCLUSIVE AND

=PFL - Deep dive - SDG 9 progress

SUSTAINABLE INDUSTRIALIZATION AND FOSTER INNOVATION

GLOBAL MANUFACTURING ENERGY-RELATED

_ _ GROWTH SLOWED FROM W
- Since 2022, global economic slowdown -
REACHED
2021 74% 36.8 BILLION
05 . g E& METRIC TONS IN 2022 I
. o of the world has access to mobile - S
broadband internet m D @ ™
| aam.  m MEDIUM-HIGH & HIGH-TECHNOLOGY
’ CEERTION —— INDUSTRIES EXPERIENCED —
- Between 2015 and 2020, 4G coverage doubles e
tO. 88%, but Stl||_a “coverage gap” with 17% OF DOUBLING MANUFACTURING SHARE OF GDP e
without access in least developed and
landlocked developing countries ®
2015 202 2030 sﬁi‘?‘&' Eﬁﬁn i
' 95% & WORLD
2 | 82% 68% HAS MOBILE BROADBAND ACCESS, (36 OR HIGHER) oz “
- SUB-SAHARAN AFRICA DCEANIAY BUT COVERAGE IS ONLY az% m sus SAHARAH AFRIIIMNI]EE'} mucmm


https://sdgs.un.org/goals
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Deep dive - SDG 12 Goals (by 2030) 12 cosmeron R

ANDPRODUCTION

Sustainable management and efficient use of natural resources m

Y, per capita global food waste at the retail and consumer levels, reduce food losses along
production and supply chains, including post-harvest losses

By 2020, environmentally sound management of chemicals and all wastes throughout their
life cycle (Green Chemistry?)

Sustainable
resource
management

Design for
sustainability
(D4S)

Substantially reduce waste generation through prevention, reduction, recycling and reuse
(Green Chemistry?)

Sustainable

Encourage companies, especially large and transnational companies, to adopt sustainable iion
practices and to integrate sustainability information into their reporting cycle ‘ﬁ:ﬁ‘:&:ﬁ“

Promote public procurement practices Key Elements of Sustainable
Consumption and Production

Source: UNEP (2010).

Ensure that people everywhere have the relevant information and awareness for
sustainable development and lifestyles in harmony with nature https://sdgs.un.org/goals/goal12



cPrL Deep dive - SDG 12 progress 52| ENSURE SUSTAINABLE CONSUMPTION

QO | AND PRODUCTION PATTERNS

« 2000 to 2019: total domestic material consumption up by >65% globally,

95.1 bion metric tons n 201 HIGH-INCOME COUNTRIES DESPITE CALS FOR

[EER EONFIREDT A PHASE-OUT i
« 2020: 13.3% of the world’s food lost after harvest and before reaching retail - FOSSIL FUEL SUBSIDIES
markets Luw INCUME CUUNTRIES RETURN AND NEARLY
DOUBLED, TRIGGERED
51 GLOBAL CRISES
« 17% of total food available to consumers (931 million metric tons) wasted 10 TIMES T i i s
at household, food service, and retail levels W
« 2019: 7.3 kilograms per capita of e-waste generated globally was, only 1.7 T .00.h ﬁ
kilograms was managed in an environmentally sound way ® e e
2.5
‘ ON AVERAGE,
- EACH PERSON
- E-waste collection rates are relatively high in high-income countries but T e WASTES
much lower in low- and middle-income countries —only 1.6% insub- T
Saharan Africa and 1.2% in Latin America and the Caribbean 120
(ILOERANS
- Good news! Capacity of developing countries to generate electricity from (A1) PER YEAR)
renewable sources has soared, from 109.7 watts per capita in 2011 to NINEVTCINGA® 62 COUNTRIES + EU
245.7 watts per capita in 2020 S s [NTRODUCED s COMPANY
485 POLICIES SUSTAINABILITY
REPORTING HAS

FOR SUSTAINABLE
CONSUMPTION AND
PRODUCTION SHIFTS

[2018-2022)

- Good news! Renewables represent over a third (36.1 per cent) of

developing countries’ total electricity-generating capacity SINGE 2016

B MSE 341

https://sdgs.un.org/



=F7L  Ecological
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overshoot

‘ Earth Overshoot Day

1971 - 2023

1 Earth 1.7 Earths
December | | |

Earth Overshoot Day is a November
symbolic representation of October
ecological overshoot — | |
Date that marks when |

e August
humanity’s demand for |
ecological resources exceeds - I
what the Earth can regenerate in ~ Jue |
1 year May |
Computed by dividing the April | | | |
planet’'s biocapacity by o
humanity’s ecological footprint, ’ | ’
and multiplying by 365 e
August 1, 2024 Jonuery LT
Using up about 1.7 Earth’s/year FEELEPFL LS ELLLESSS W&« S SELL LSS

N,

Overshoot

EARTH = 4 : . - i
OVERSHOOT FOdQ F@ ﬁ'c‘bw,cw‘,_mﬁd. Source: National Footprint and Biocapacity Accounts 2023 Edition

DAY FOOTPEINT DATA KOUNDATION ‘\5 data.footprintnetwork.org


https://overshoot.footprintnetwork.org/newsroom/past-earth-overshoot-days/

*F*L " Interesting web tool to understand different levers
to get to Net Zero by 2050 - give it a try at home

http://tool.european-calculator.eu/intro
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SDG 12 touches on the
responsibilities of countries,
industries, and individuals

How do you define responsible
consumption in your life? Does it
inform your choices? Why? Why
not?




=P7L  How to spot greenwashing?

= Vague language Trust us...

= Buzzwords without evidence
= Not giving the full picture across the value

chain
= Carbon-offsetting o T
= Company ownership EU«,&;‘
= Eco-friendly product lines q : ) TEX® teolabel
= False claims of recyclability or biodegradability EFSC Mt

|dentify trustworthy certification, but not always easy...

B MSE 341

Greenwashing



Taken%20from:%20https:/www.bbc.com/news/business-59119693
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EUROPE’S

LOWEST FARES,
LOWEST EMISSIONS

AIRLINE

Everybody knows that when you fly Ryanair you enjoy the lowest
fares. But do you know you are travelling on the airline with
Europe’s lowest emissions as well?

While aviation is responsible for just 2% of carbon emissions,
our industry is determined to play a leading role in reducing
emissions. Aviation already pays significant environmental taxes
- this year Ryanair will pay €630m in environmental faxes in
Europe.

Ryanair has the lowest carbon emissions of any major airline -
66g Co2 for every passenger kilometre flown, This is because we
have the youngest fleet of aircraft (avg. age 6 years), the highest
load factors (97% of scats filled) and newest most fuel efficient
engines.

Ryanair is committed to cutting our carbon emissions further
which is why we are investing over $20 billion in new alrcraft that
will cut our carbon emissions by 10% by 2030 and lower noise
emissions by a further 40%.

Many of our customers are now choosing to offset the carbon
cost of their flight each time they book with us. We support them
making that choice and we thank them for contributing 1o our 4
great environmental partners.

Find out more at www.ryanair.com/environment

7YRYANAIR

MORE CHOICE. LOW FARES. GREAT CARE.

& B A
=% RENATURE e &1 7 reh Whoe \\\»‘-‘\\(
W ot woodland et e A

SWEaETNESS FROM

-

#M CONSClo s

READ MORE
ON

100% ORGANIC coTre, =

SEE LAg
FULL Fy = HE PROD
BER CONTEN UCTs

Greenwashing

So much green! It
must be good,
right?

NATURAL SOURCES
LOWER CALORIE
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Good news: EU greenwashing ban
in2024

EU approach:

= | egislative measures, regulatory guidelines, and
enforcement actions to ensure transparency, accuracy,
and honestly in environmental marketing or labeling

= EU ecolabels and standards

= Development of “Green Claims Code”, setting clear
criteria on what makes up an environmental claim,
backed by science

= Development of “Digital Product Passport”, where you

can learn about your product — origin, composition, end of

life handling

= Raising awareness on greenwashing with consumers, so

that they can make environmentally sound choices

How to spot greenwashing

Law banning Greenwashing and misleading product information_2024

4

There are a few common tricks that
you can watch out for to make it easy
to spot greenwashing and dubious
sustainability claims:

VAGUE ‘GREEN-SOUNDING’
LANGUAGE:

Look out for words that sound good at
first but have no concrete meaning
legally, like 'farm fresh' or 'conscious'.

IRRELEVANT CLAIMS:

Making a big noise about one tiny green
attribute on an otherwise totally
anti-green product.

Accountability
Ironically, truly sustainable brands are
transparent about how they're

affecting the environment.

Accreditation
Don’t just take brands’ words for it.
Look for companies that are audited L

or accredited by third parties.

@agencyakepa » lepa

BADLY THOUGHT-OUT
BIG GESTURES:

A classic one when an idea has
come from a marketing team
instead of experts.

MISLEADING
NUMBERS AND
®* PERCENTAGES

REBRANDING TO INCLUDE
‘natural’ PACKAGING

Products that change their look to apply
the veneer of sustainability, but without
actually changing anything.

‘ MAKING THE

A PRODUCT
@ | PAcKkAGING
. GREEN

At its core,
greenwashing is all
about misdirection.

SO WHAT SHOULD WE BE LOOKING OUT FOR o
TO KNOW IF A BRAND IS FOR REAL

Clear labeling
Sustainable products should include
simple language labels about exactly

what’s in a product.

% |‘_“|_: Traceability
@ E] Some forward-thinking brands have

been helping buyers track their products’

sustainability using helpful tech.


Lecture%202%20resourceshttps:/www.europarl.europa.eu/news/en/press-room/20240112IPR16772/meps-adopt-new-law-banning-greenwashing-and-misleading-product-information
https://thesustainableagency.com/blog/greenwashing-examples/

cPrL
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Eooanxiety €CO anxiety

¥y f

the anxiety associated with fear of harming the environment; the fear one

experiences when they second-guess their actions for fear of impacting the

Earth in a negative manner

= Also called climate anxiety

= “chronic fear of environmental doom”

From: Mental Health and Our Chanaging Climate:
Impacts, Implications, and Guidance, American

Psychological Association, 2017

= Worry, guilt, hopelessness, powerlessness

= Be eco-angry instead?

We're eco-anxious too!



https://www.apa.org/news/press/releases/2017/03/mental-health-climate.pdf
https://www.apa.org/news/press/releases/2017/03/mental-health-climate.pdf
https://www.apa.org/news/press/releases/2017/03/mental-health-climate.pdf
https://en.wikipedia.org/wiki/American_Psychological_Association
https://en.wikipedia.org/wiki/American_Psychological_Association
https://www.ecoanxiety.com/what-is-eco-anxiety/
https://www.sciencedirect.com/science/article/pii/S2667278221000018
https://www.sciencedirect.com/science/article/pii/S2667278221000018

=PFL  hitps://www.epfl.ch/campus/security-
safety/en/sante/sante-mentale-bien-etre/mental-

health/
Mental Health %
)—-YA“\
s, AN
(‘\
(/ \ .




=P7L - Take aways

= Kyoto Protocol; GHGs as a commodity; carbon market
= Paris Agreement; 1.5 °C threshold

= Net zero: balance between GHG emissions and removals from the
atmosphere

= UN SDGs; general idea, can you list a few?
= Ecological overshoot; Earth Overshoot Day
= Greenwashing; measures to combat it

= Exoanxiety?

= Small steps add up

B MSE 341
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