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Background Challenges Conclusions and Next Steps

Learning Objectives

1. Be able to identify key challenges in developing sustainable materials

2. Beconscious of potential pitfalls in designing sustainability focused
Inventions

3. Begin thinking about materials design in a more faceted and real-
world way

4. Consider how to avoid challenges when pitching your own project
idea
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Clean, healthy, and sustainable
environments are a human right

* |t’s not me saying that—It’s the united nations:

“Sponsored by Costa Rica, Maldives, Morocco, Slovenia and
Switzerland, the universal recognition of the right to a healthy
environment was unanimously approved July 2022, by a vote of 167-0.”

“A healthy environment — recognized as a right by more than 150 States
around the world — Is a prerequisite for the realization of other human
rights. Its recognition as a universal human right can lead to more
effective laws and policies, and can help to empower local communities
In the protection of their territory.”

Un“.:ed Peace, dignity and equality
Nations | on a healthy planet
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OK—but what makes a healthy
environment?

* Any thoughts?

Clean air, water, Sustainable stable : Safe food and
A stable climate :
and land shelter agriculture
Products free of Healthy living and Rights and self-
harmful chemicals working conditions determination
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Which uses sustainable materials?
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GREEN ALTERNATIVES

to conventional building materials

|

o

— = — —

Conventional Building Material

Structural Straw Bale Stone Timber Frame

s Little energy is used to « Little energy used to make » Has high thermal

o f | taw Bal 'Y rties
nanufacture Steaw Bale » Longest fife span propertie

1 : L i ( » Lasts over 100 years if « Wide range of stones to « Durable and strong
2 TS s <7 \ i “ 19 At Sty el tal H o
Insulation : : | . il ilslicehay choose from unkke other PIINg R along e Cyce
*Foam board : - : * 100% biodegradable buliding materials * Sustainable material

stuctural I l""’" 1= : o  structural Bamboo Corkwood Hardwood Stone

e Bricks i ® Straw Bale - o Natural occurring  * Long life cycle * Versatile, allows '« Good heal conductor
s Concrete ! ) * Stone. I ‘ material which and is more for a range of making it suitable for
» Metal |===d * Timber e jte urahle th fi na desians detfloor i
1 - o — Frame means s durable than ooring designs underfioor heating
| ) the average
|

wood floors Easy to ciean » Durable and

and maintain sustainable as they

Flooring 1 ‘ Flooring — Water resistant Needs very littie last a long time

s Concrete : S . : * Bamboo SRR LONg lasting
« Wood { 1 ! e Corkwood {lexible design nantenance » Eco-friendly as they
Laminate s oy * Hardwood

s Stone | styles are naturally occurring

So why are so many houses built with the materials on the left?



Background

Ozone: Action works

« Evolved from Carbon tetrachloride,
used in fire control

« In the 1920s, evolved into CFCs widely
used for refrigeration and aerosol cans

« Quickly determined the impact on the
Earth's ozone layer

« 1985 - Vienna Convention for the
Protection of the Ozone Layer

« 1987 — Montreal Protocol

« 20719 - Smallest amount of
ozone depletion detected

dWs
R © 2031, Amazon Web Serviom, inc. or ity affilistes. Al rights reserved
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Challenges: discussion

Turn to your neighbors. Let’s discuss.
1. What are current challenges with sustainable materials? (list 5+)

2. What are some solutions we could think of for getting around
them? Are there any obvious solutions?

3. What can we do as advocates and activists to promote
sustainable materials?

4. Do we have any examples of implementing sustainable
solutions?

5-minute private discussion, 10-minute class discussion
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Challenges to utilizing
sustainable materials

* Limited availability

* Cost considerations

* Certification and standards
* Quality and performance

* Education and awareness

* Regulatory compliance

* Supply chain transparency
* Waste management

* Local sourcing




Challenges to utilizing
sustainable materials
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Limited availability
Cost considerations
Certification and standards

Quality and performance

Education and awareness

Regulatory compliance T )

Supply chain transparency | k. y

Waste management | | -‘:- \
Local sourcing , ‘)
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Limited Availability

* In many cases, sustainable materials are not widely available

* Many materials are produced in small quantities, lacking the
potential cost-savings at scale

* Due to a variety of factors:
* limited production capacity

* lack of demand
* insufficient infrastructure for processing/transporting the materials
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Why are clothes made of oil?
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Why are clothes made of oil?

Making a Monomer

— AR —
“

Petroleum Ethane Ethene Ethylene Glycol
Unrefined oil One of the Double bonded One of the
products of molecule that monomers for
refined has higher the production
petroleum. Itis functionality. of PET.

single bonded

molecule that
has lower

functionality.
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Why are clothes made of oil?

Producing a Polymer

Ethylene Glycol Dimethyl Terephthalate Polyethylene Terephthalate (PET)

This irmage shows a repeating unit
of the PET polymer. The unit can
be repeated n number of times.

n=the desired amount.
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Why are clothes made of oil?

B\
A

BAYER
E

Germination Emergence Cotyledons First True Leaf

Pinhead Match- Half- Candle White Flower
- Square Head Grown
Square Square

*wwu

20 - 25 Days
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Why are clothes made of oil?
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Why are clothes made of oil?

U.S. Textile Market

Size, by Product, 2020 - 2030 (USD Billion) Property Polyester
Fiber type Synthetic
$251.88
Absorbency Low
Breathability Good
R Wrinkle resistance Excellent

Durability Very good

I Sustainability Low

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 .
Cost Relatively low

@ Natural Fibers Polyesters Nylon COthers

Cotton
Natural
High
Excellent
Poor
Good
High

Relatively high

The sad truth is the only reason cotton is close to
the same cost is due to forced labor for farming and

picking cotton.
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The power of Internet of Things (loT) for scaling

Harnessing the o T NGSA &
power of loT for = | « = < 5 =l { - @
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The power of Internet of Things (loT) for scaling

loT adoption is rapidly accelerating

TODAY IN 2025

IOT DEVICES INSTALLED 1

IOT DEVICE DATA GENERATED 2

IOT AS A KEY COMPONENT OF
DIGITAL BUSINESS STRATEGY 3

(according to enterprise executives)

aws ' Statista | % 3 1DC




AT THE EDGE
& PHYSICAL
SYSTEMS

Improve the performance
and productivity of
industrial processes

o
©re

Grow healthier crops
with greater efficiencies

DATA &

INSIGHTS

Remotely monitor
patient health &
wellness applications

Manage energy resources
more efficiently

Efficient warehouse
operations

Transform transportation
with connected and
autonomous vehicles

BUSINESS
OUTCOMES

Build smarter products &

user experiences in homes,

buildings, and cities

=R

Enhance safety in
the home, the office,
and on the factory floor
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The power of Internet of Things (loT) for scaling

BUSINESS
OUTCOMES

COLLECT

s,
My, " v o
(3 3\
Tviry anp iNTESRH

There’s so much data being
produced from all of our tech...
We need to harness this to improve
and optimize sustainable material
production, implementation, and
utilization.
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The power of Internet of Thin

Smart agriculture: CropX X,

i

solshare®

With AWS investments,
we have been able to
shift our development
resources to focus on
building an innovative
peer-to-peer microgrid
that is bringing
affordable solar
electricity to
communities in

Bangladesh and beyond.' ’

Hannes Kirchhoff
SOLshare CTO

Soil sensors enable sustainability

» Combines above-ground datasets with
in-soil data measured by sensors that
transmit the data to the AWS-based
platform

Integrated with imaging, weather,
topography, and soil data and analyzed
by Al-based algorithms to provide
analytical insights via the CropX web or
mobile app

Demonstrated more than 40% water
savings across different crop types, with
a 10% yield increase

Securely and efficiently allow
people to trade excess solar energy
from in-home solar systems

SOLshare uses FreeRTOS on constrained
MCU devices to securely implement
microgrid logic connecting to

AWS |oT Greengrass

Providing state-of-the-art technology
from FreeRTOS on devices to
services in the cloud

©
@ BEEWISE
s

“They pollinate better

and they produce more
honey. And for us,
there’s no greater
satisfaction, because
we're doing well by

Conclusions and Next Steps

gs (loT) for scaling

Beewise deployed a wide, interconnected
network of distributed devices and sensors using
AWS loT Core and AWS loT Device Management

Beewise was able to achieve a dramatic
increase in plant pollination and
honey production

doing good. ¥

Saar Safra

CEO and Founder of Beewise

iCCI

Coca-Cola icecek

CHALLENGE

Coca-Cola igecek (CCI) is the
sixth-largest bottler of Coca-Cola
products by sales volume. CCl's
production facilities previously
relied mainly on analog processes
for asset measuring and
monitoring. Routine process
tracking and asset maintenance
required operators to search for
issues by hand and manually keep
track of how much energy, water,
and other materials production
lines used.

Beewise lowered the average bee mortality
-40% (in today's beehives)

rate from
to less tha
Al-controlled beehives

SOLUTION

To improve its operations, CCl
decided to digitize its shop floor
and manufacturing processes to
implement a complete digital
twin solution that would scale to
all 26 bottling plants.

In 2 months, CCI built a robust
digital advanced analytics
solution for its production line
sanitation process using

AWS loT SiteWise and AWS loT
Greengrass.

IMPACT

» Improved process efficiency

and environmental
sustainability

+ Saved 20% on

energy annually

+ Saved 9% on water annually
+ Optimized clean-in-place

process time and cost
performance

"If we can locate failures and other maintenance issues before they happen, we can keep the
plant up and running at all times and improve our utilization.”

10% in Beewise's robotic
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Optimization in sustainability

T ZERO OPERAT

Achieving our own sustainability goals

E@ We reduced our CO, emissions by >50%
via energy-efficient buildings and factories,
green electricity, decentralized energy systems,

new mobility concepts, and eCars - reduction of
SF6 gas

Our investments in energy efficiency projects
led to 15% reduced energy costs

consumption of our sites globally is covered
by renewables

3 @ For example, >70% of the electricity

2020

Climate Pledge

SUSTAINABLE INDUSTRY TRIAD

Energy Optimization
and Decarbonization
Achieve Eco-Efficiency

SUSTAINABLE
INDUSTRY

Software Enables
Efficient Energy
and Process
Design and
Operation

Automation
Optimizes
Energy and
Resource Use

AUTOMATION

Original Concept: Schneider Electric; Diagram Redrawn by Frank Feather 2022

7,421 1 05 million

tons less (‘0, emitted
cach year

buildings optimized

€ 2 billion

energy costs saved

>35,000

buildings serviced

optimizes the efficiency

Energy Audit

Conclusions and Next Steps

of its customers’ building portfolio

Buildings are 42% of
Energy Consumption and

CO2 Emissions
o

& Measure
Active Energy Efficiency
@ o
Monitor, Maintain,
Improve
Low consumption HVAC control, lighting Meters installation,
devices, insulation control, variable spoed monitoring services,
material, power drives. EE analysis software

factor correction
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Optimization in sustainability

Smart buildings: Key to sustainability objectives Lighting control energy savings salesforce

by COVID-19, Salesfor 1d Enlighted light u

Lighting control TECHNOLOGY

+ Sensor-based occupancy control
Democratization and choice . Dlmm”-]g
* Task tuning

Utilization » Utility-grade power meter provides real-time

Regenerative spaces Y-Sy :
management measurement & verification of energy savings

Energy prosumer C {«) QN 40/ Smart lighting
D AW e | W 00 S0 control results in
savings and safe

lighting systems

Intelligent platform

our car spends >95% of its lifespan just waiting to be driven...meanwhile everyone else’s does too. How inefficient!
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Optimization in sustainability

Sustainable buildings

Smart lighting control Smart temperature control
Software-controlled lighting that Democratized heating/cooling
creates maximum efficiencies : control via employee app

G

H

Soon cars might not be a thing you “own’

Reduced space utilization ' Energy prosumer they might be a thing you “use”
Managed hybrid spaces mean Sustainable offices create

an overall reduction of real their own renewable energy

estate used and smartly utilize it to cover Could other sustainable materials be

their own consumption )
seen this way?




Challenges to utilizing
sustainable materials
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Cost considerations
Certification and standards

Quality and performance

Education and awareness

Regulatory compliance T )

Supply chain transparency | k. y
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Think about it from a consumer
standpoint...

Price markups for sustainable products

+75-85% Beauty and
\L Energy Tomatoes Milk Eggs health

W N W N W
+20% +100% +220%
A M M AN N
Conventional Sustainable Baby food Vitamins Apples Canned Fashion
products products tomatoes

Sources: Nielsen, International Renewable Energy Agency, Oeko Institute, World Wildlife Fund; Kearney analysis
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Think about it from a consumer
standpoint...

Sustainability: a Splurge for the Rich
US consumers surveyed who agreed with the following statements:

@ Income below $100,000 Income above $100,000

"Companies should be able to charge at least 10% more for a sustainable product”

48%

"l will personally pay at least 10% more for a sustainable product”

Source: "The Conscious Maximalist," Squared Circles, 2024 « N=3,000 US B F
consumers

Sources: Nielsen, International Renewable Energy Agency, Oeko Institute, World Wildlife Fund; Kearney analysis
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Think about it from a consumer
standpoint...

Food Conventional Organic Difference
Rice $1.40 $4.00 185.71%
Pasta $1.00 $1.65 65.00%
Canned tomatoes $0.80 $1.20 50.00%

[ce cream (dairy-free) $6.60 $22.00 233.33%
Tofu $3.65 $4.80 31.51%
Celery $3.90 $7.00 79.49%




Background Challenges Conclusions and Next Steps

Think about it from a consumer
standpoint...

Personal care Conventional Natural Difference
Deodorant $3.90 $7.00 79.49%
Toothpaste $5.50 $9.95 80.91%
Hand wash $2.79 $8.00 186.74%
Body lotion $8.00 $19.95 149.38%
Toilet paper $12.00 $34.00 183.33%
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Think about it from a consumer
standpoint...

Fashion Conventional Eco Difference
Sneakers $120.00 $120.00 0.00%
T-shirt $2.00 $31.90 1495.00%
Hoodie $16.00 $90.00 462.50%
Socks $1.00 $9.95 895.00%
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Think about it from a consumer

standpoint...

Consumers cite cost as a major concern while making decisions around
sustainable purchases

None of the above 24%

Paid significantly more
than an alternative

As a consumer who
purchased a sustainable
good/service within the

last 4 weeks, | ...

Participated in a special
process to dispose of it

Bought a used or
upcycled product

Waited longer for
delivery or to obtain it

Accepted a lower-quality
product/service

Reasons why consumers did not purchase a sustainable good/service within the last 4 weeks

Costs too much

41%

Purchasing sustainable products

is not a priority for me 24%

| don't want to change the products | use 20%

Sustainable options are inferior 13%

13%

Sustainable options aren't available

I would have to wait longer to obtain it 13%

None of the above 14%

Note: N = 21,034 adults from Australia, Belgium, Canada, China, Denmark, France, Germany, Ireland, Italy, Japan,
Mexico, Netherlands, Norway, Poland, South Korea, Spain, Sweden, Switzerland, United Kingdom, and United States.
Sources: Deloitte Global State of the Consumer Tracker; Organisation for Economic Cooperation and Development.

Deloitte Insights | deloitte.com/insights



I[s it worth the trade-off?

Perceived trade-offs vary across sustainable activities
Among consumers who never, rarely, or only sometimes do the following activities

Believe it won't make a difference M Convenience B Cost

Did not occur to me M Not an option given my circumstances
Order fewer delivery packages to my home
2% 200 1% 18% [A9%
Limit water use
2% 32% % w6 9%
Buy Ioca_l products
Avoid optional or leisure flights
18% 17% [22%
Use onve’r-emission transportation
i 376 10% JERELCHER £
Recycle or compost household trash
129 [ 3%

13%
Note: N = 21,034 adults from Australia, Belgium, Canada, China, Denmark, France, Germany, Ireland, Italy, Japan, Mexico,
Netherlands, Norway, Poland, South Korea, Spain, Sweden, Switzerland, United Kingdom, and United States.

Avoid or eat less meat

Source: Deloitte Global State of the Consumer Tracker.
Deloitte Insights | deloitte.com/insights
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Things are Changing...for the better!

WILLING TO SPEND AT LEAST 10% MORE FOR
SUSTAINABLE PRODUCTS

100% 28% 36,

81%
80% 76% » ”
(=]
" = = &
== (W]
60% = = = e
o =2 22 =
= = = 3=
40% = - =
20%

Baby Boomers Generation X Millennials Generation Z

0%

m 2021 Data m 2019 Data
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Generational differences in eco-friendly consumerism

Millennials are most likely to be thinking about sustainability while shopping.

Q: Please indicate to what extent you agree or disagree with the following statements around shopping sustainably.

(Answers are a combination of “agree” and “strongly agree” responses)

Darker shades of green indicate greater proportions of agreement relative to other generational cohorts.

| choose products with a traceable and transparent origin

| buy from companies that are conscious and supportive
of protecting the environment

I intentionally buy items with eco-friendly packaging
or less packaging

| am buying more biodegradable/eco-friendly products

When shopping for products, | check the labeling/
packaging for sustainability certification(s)

Generation Z

L7%
49%
4.8%
4.8%
L7 %

Mature

Young Core
millennials

millennials millennials

lage 23-26) (age 27-32)

age 33-36)

H8%

53

Base: Generation Z (1,360); young millennials (933]); core millennials (1,588]); mature millennials (?19); generation X (2,848]; baby boomers [975].
Note: The greatest generation [the oldest group) is not shown, because the baseis too low.

Source: June 2021 Global Consumer Insights Pulse Survey

H8% |

Generation X

56%

53%

52%
57%

Baby
boomers

48%
47%
51%
47%
4.3%
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Barriers to Purchasing Eco-Friendly Products
According to UK and US Internet Users, Jan 2021

% of respondents

High cost of products

60%

Hard to find eco-friendly products/brands
24%

Not enough information as to what "eco-friendly" means
19%

Not familiar with eco-friendly brands/prefer brands they know
19%

Unclear about the benefits/value of eco-friendly products
14%

Don't think eco-friendly products/brands are as effective as traditionally

1%

3
o
3
(1]
o
3
@
w

Don't think their individual impact makes a difference
10%

Note: UK n=2,000 ages 16-64; US n=2,001 ages 16-64
Source: GlobalWeblindex as cited in company blog, Feb 23, 2021

264277 eMarketer | Insiderintelligence.com

Where can we, as scientists, engineers, and
activists contribute?

How much more are you willing to pay
for sustainable products ?

Beauty & wellness Household products

Transport & delivery Food & drink Clothing

0% ®10% o 20% ®30% 40%+

Source: Capterra Sustainability Survey 2021
Q: How much more are you willing to pay more for sustainable products in comparison with regular products?
n: 1019

< Capterra
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Businesses make the same decisions!

Sustainable materials can often be more expensive than traditional materials:
higher production costs

limited availability

the cost of complying with environmental and social standards

This can make it difficult for builders and developers to justify the higher costs,
especially in markets where there is intense competition and tight profit margins.

Anyone have an idea on how we might “bridge the gap” between sustainable and
conventional materials in the industrial sector?

Many economists have recommended a carbon tax (or equivalent subsidization of
sustainable materials to bring the costs in line).
Anyone know how many U.S. states have implemented a carbon tax?
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There’s no centralized standard for what
makes a material sustainable

* There are numerous standards and certifications for sustainable materials,
but they can be confusing and sometimes contradictory.

* This can make it difficult for even the most sustainably minded to know which
materials to choose and how to ensure that they are truly sustainable.

" Ethical
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We can’t even agree on what IS a sustainable
material

Stay tuned for later discussions of life cycle analyses (LCAS):

“systematic analysis of environmental impact over the course of the entire
life cycle of a product, material, process, or other measurable activity. LCA
models the environmental implications of the many interacting systems
that make up industrial production. When accurately performed, it can
provide valuable data that decision-makers can use in support of
sustainability initiatives.”
* LCAs can often give surprising results—a classic example is that using
paperless billing is usually WORSE for the environment since e-billing
uses grid energy (fossil fuels) to power servers and devices.
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Look for these classic signs of greenwashing

GREENWASHING ADVERTISEMENT

EXAMPLE

Green imagery

Vague claims
without further
explanation or data

Now using «
sustainably sourced
ingredients

Bold and vague
comparisons

500/0 more’

Emphasis on one
“green” aspect

to compensate for
less sustainable
practices

A=

‘ sustainable ¢
* 4 than the
Q ‘ w‘ leading

a. # competitor
- - ’

Eco-friendly packaging ) |

Six sins of greenwashing

Fibbing

making environmental
claims that are simply false

No Proof

making an environmental
claim that cannot be
substantiated

Hidden Trade-off

suggesting a product is
“green” based on a single
environmental attribute

Vagueness

q being purposely non-specific

about operations or materials

Lesser Evils

applying a do-good label to an
environmentally unfriendly product

Irrelevance

claiming to avoid using a
material or practice that is
already illegal or non-standard

Sources: Terrachoice, Zeitgeist
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What is the most consumed material in the

world by mass?

It’s water...but what is number 27

It’s concrete! Over 30 billion tons!

Concrete outpaces per capita production of any other material

) ~7x the production of cemenj‘:oncrete

600+
Cement

ction (kg per capita)
N
o
S

200
Wood

World produ

0 T
2020

T T T T T T
1950 1960 1970 1980 1990 2000 2010
Year

Monteiro, P., Miller, S. et al. Towards sustainable concrete. Nature Mater 16, 698-699 (2017).

Total Global Carbon Emissions by Sector




Objectives Background Challenges Conclusions and Next Steps

We should stop using concrete!

e Easier said than done—there’s areason we use it.

* [t’s a fantastic material Concrete Jngle
1. Strength |
2. Durability
3. Reflectivity :
4. \ersatility = N e e

The Tul! Gosg Sessions

Monteiro, P., Miller, S. et al. Towards sustainable concrete. Nature Mater 16, 698-699 (2017).
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We should stop using concrete!

Monteiro, P., Miller, S. et al. Towards sustainable concrete. Nature Mater 16, 698-699 (2017).
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Challenges

Can biology be our inspiration for new materials?

Material design and manufacturing

Use recycled inputs »

Haolstically explora
biinformed sokutions

Practisa sustanabie design *

oy g

&

Distribution and use
» Practise susiginable distribuson
* Provide mantenance over time

» Ecoconsclusly embedding
product into the enviranment

End-of-life management

Dismantle and recycle «

Reuse for another
bioinfarmed solution

Upcyclaidowncyde «

components

Bioinformed materials designed within a
bioinformed material lifecycle

Claws

Attachment
pads

Muscles and
tendons

Beetle Fly
antennae compound eyes

Diatom
shells

Eupodiscus
s v

il

Squalus mitsukurii

Chlorotabanus

Biddulphia Squalus suckleyi Elateridae

Stuart-Fox, D., Ng, L., Barner, L. et al. Challenges and opportunities for innovation in bioinformed sustainable materials. Commun Mater 4, 80 (2023)
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Can biology be our inspiration for new materials?

methodology desired functionalities
b 4
3%2 00 1 -
D "OOK EQ 4 remodelling llIIIllll self-regulation 0-4' self-replication
@ to
design build test learn
constituents ")‘(" resilient (((.))) sensing e signalling
# nature @ \ living {} /
inspired mechanisms N cells ; i — “0& i et [Iﬂ svolability

building materi i i
g materials ©) sclf-healing @ antioxidant pietive
L =—~wumg = QA & antimicrobial
nn” | o = - >
.---. l ..""f — 2 ..
o et L) i D ¢
brick concrete stone wood composites plastics steel generation 1]4]4~ €O, sequestration S35y pioremediation
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Can biology be our inspiration for new materials?

A

Natural-based low-carbon
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Xu, X., Chen, Z., et al. Colonial sandcastle-inspired low-carbon building materials. Matter. 6(11) 2023



Challenges to utilizing
sustainable materials

Challenges Conclusions and Next Steps }

Limited availability
Cost considerations
Certification and standards

Quality and performance

Education and awareness

Regulatory compliance T )

Supply chain transparency | k. y

Waste management | | -‘:- \
Local sourcing , ‘)



Background Challenges Conclusions and Next Steps

You’re already taking step 1!

* One of the most reliable ways to improve individual sustainable
attitudes and behaviors is education

< | |0 < | o
T ) [«)] Sanr o
g g
o p= 3
e = S S
3 < 3" @
A g & 5
5 c S £
02 - < 02 &
() s © -
Q
g & F £
D | o Oep - ®
2 g < g
o @
< z
w0 - © -
1 ] I I T ] T T T T T T
1939 1949 1959 1969 1979 1989 1939 1949 1959 1969 1979 1989
Year of Birth Year of Birth

Average Years of Schooling — — — — Average Pro-environmental Attitudes Average Years of Schooling — —— — Average Pro-environmental Behaviors

Wang Q, Niu G, etal. (2022) PLoS ONE 17(2): e0263383
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Awareness improves behavior

Consumers Behaving 7~ People’s intention to adopt more sustainable behaviors

MORE SUSTAINABLY has accelerated during the pandemic

B ¢ Of Consumers

75
50
L]

Use Own Shopping Bag Recycle Regularly Avoid Harmful Products Avoid Single Use Flastic Buy Organic Products

are currently
practicing green
behaviors consistently

Source: Globescan

THEROUNDUP.ORG

say they have been intend to integrate
doing this more since more sustainable
the crisis started behaviors in the future

COVID-19 and Envi jucted May 2029, 2020, in Bra
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About three-fourths of respondents consider environmental issues
at least as concerning as health issues

Share % of respondents (%)

China 71 10 EM . .
| think environmental

| 6 0/ concerning as or
South Africa 72 - 8 EN 0 more concerning than
health issues
Brazil 77
Indonesta 77
5 = The proportion is the same
krance 2 | 79 regardless of whether people
o Y - = Temshea imme Ty
' or suffered illness, and does not
us 55 W 64 vary by age or gender
= Both issues as equally Environment is more concerning
concerning for the world than health for the world

Source: BCG Survey on COVID-19 and Environment, conducted May 20-29, 2020, in Brazil, China, France, India, Indonesia, South Africa, the UK, and the US. Number of respondents N = 3,249.
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People expect companies to do more to protect the environment-and they
believe that governments should embed that priority in their recovery plans

To what extent do you think private companies o Companies that are likely to benefit from public
should integrate environmental considerations into aid or grants should take on extra environmental
their products or services and the way they operate? responsibilities and commitments
e e i o WD
UK 33 | 50 UK
us 33 us 65
France 36 1 ) France 31 | 49 Y,
China 42 48 | 8 | china [IEN 59
India oeiewl 44 | 41 11 K
Indonesia 35 52 10 Indonesia 43 38
Brazil 60 | 35 4 Brazil
South Africa 59 34 6 South Africa 3
B A lot more B No change required A lot less = Strongly agree B Neither agree or disagree Strongly disagree
B somewhat more Somewhat less I somewhat agree Somewhat disagree

Source: BCG Survey on COVID-19 and Environment, conducted May 20-29, 2020, in Brazil, China, France, India, Indonesia, South Africa, the UK, and the US. Number of respondents N = 3,249.
Note: In this slide, bar segments representing percentages of 2% or less are not labeled. For this reason and because of rounding, the sums of the percentages identified in most of the bar charts do not equal 100%
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Be informed. It is up to you!

GLOBAL GOALS ACTION PROGRESSION
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Cultural Context
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Background Knowledge

Critical
Reasoning

Systemic

WLCESENCIIA UNDERSTAND

¥ R

SCIENTIFIC LITERACY

© 2021 Smithsonian Institution

© |
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AGENCY EQUITY
AND AND
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© Smithsonian Institution

Conclusions and Next Steps
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Regulation is one of the most efficient ways to
enact change

Congress passed the Clean Air Actin 1963. A little over a
decade later, national laws requiring catalytic converters for
new automobiles were introduced.

Would this improvement had occurred without regulation?
Probably not!

LOUISVILLE, KY 1972
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Regulation is one of the most efficient ways to
enact change

250,000

Tons Per Year

200,000 -
150,000 - 142,770
100,000 -
2009 NOx Cap
50,000 -
41,641
'1“ oy 73‘"‘7 .n 141
o +

Duke and Progress Energy Actual NO, Emissions

245,000

27,305

I "I I “’”nsui’”l

1998 2002 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Tons Per Year

100,000

Duke and Progress Energy Actual SO, Emissions

455,643

116517
73.454

2009 50, Cap
2013 50, Cap
‘l 709 36,328 , )6) 15,131
I w: 15,754 9,380 10,024
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1998 2002 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021




Background Challenges Conclusions and Next Steps

Catalyzing Clean Energy Industries and Jobs
Through Federal Sustainability eccuiveower 14057

* Achieve 100 percent carbon pollution-free electricity by 2030, including 50 percent on a 24/7
basis.

* Reach 100 percent zero-emission vehicle acquisition by 2035, including 100 percent light-duty
acquisitions by 2027.

* Achieve net-zero building emissions by 2045, including a 50 percent reduction by 2032.

* Reduce Scope 1 and 2 greenhouse gas emissions by 65 percent from 2008 levels by 2030.

* Establish targets to reduce energy and potable water use intensity by 2030.

* Reduce procurement emissions to net-zero by 2050.

* Have climate resilient infrastructure and operations.

* Develop a climate- and sustainability-focused workforce.

* Advance environmental justice and equity-focused operations.

* Accelerate progress through domestic and international partnerships.

F e | United States
\_ Environmental Protection
\’ Agency
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Environmental, social, and governance (ESG)

L The three central factors used to measure the sustainability and ethical impact of an
investmentin a company or business.

Environmental: This criterion examines how a company
performs as a steward of nature.
1.

2

Carbon emissions

Carbon footprint

Energy efficiency

Waste management

Natural resource conservation
Environmental risks

Put your money where your mouth is! Many investment firms integrate ESG criteria into their
investment strategies.

BlackRock: One of the world's largest investment management firms, BlackRock has made
significant commitments to ESG investing. They offer a range of ESG-focused funds and have
been vocal about the importance of sustainable investing.
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The biggest problem with regulations is

compliance

Number of Hours
Organizations Spend on
Compliance in a Year

Less than
1,000 hours

1,000 to
4,999 hours

5,000 to
9,999 hours

Over 10,000
hours

Source: Drata

“Significant violations occur at 25 percent or more of
facilities in nearly all programs for which there is compliance
data.”

Sector and regulation Number Noncompliance rate?
of random
inspections
required

Organic Chemical Manufacturing 112 34.3% (+/- 8.1%)

small quantity generator hazardous
waste requirements under RCRAP

Ethylene Oxide Manufacturers 67 49.2% (+/-5%)
Clean Air Act toxic air pollution

requirements®

Municipal Combined Sewer 214 61.4% (+/-5%)

requirements under Clean Water Act
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To understand a sustainable material’s impact,
you need to know its journey

Raw materials Manufacturing

- l » ey
o™e
: 10,000

thind-party relationships.

Supply

Disposal m Chain é Packaging 62%
Transparency of the organizations that participated ina

recent Refinitiv survey did not know how
many of their third-party vendors are
outsourcing to other third parties.

i g 43%

of third-party relationships are not

Use Distribution subject to any form of due diligence
checks, a5 companies struggle to monitor
third-party risks in the post- COVID-19
environment.
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To understand a sustainable material’s impact,
you need to know its journey

Raw materials

Disposal m

Transparency

Use

Manufacturing

Supply

Chain

o

Packaging

Distribution

A landmark legal case has been launched
against the world's largest tech companies
by Congolese families who say their children
were killed or maimed while mining for
cobalt used to power smartphones, laptops
and electric cars.

The Guardian, 2019

The resilience of a supply chain is dependent
on the reliable performance of the suppliers
who make it up, but the fiscal health of
many of lower-tier firms is often not visible
to executives at companies several tiers up.

Harvard Business Review, 2022




Background Challenges Conclusions and Next Steps

To understand a sustainable material’s impact,
you need to know its journey

Raw materials Manufacturing

Y city
- am— L T I T
5 e S
V'\\.\ L VF”, ‘e % %l ‘> ‘%é? & <
‘\‘ o ¥, JA 3 .
su pply D | : i Bangladesh collapse search over; death toll
. 1127
Disposal m Chain é Packaging Foxconn Is Under Scrutiny for Worker
Tran sparency Conditions. It’s Not the First Time.

Use Distribution
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To understand a sustainable material’s impact,
you need to know its journey

Raw materials _‘ Manufacturing Raw materials: probably the most
Y\ = h obvious example. If it is made from
non-renewable materials, it is

probably not sustainable.

Supply

Disposal m Chaln é Packaging

Transparency

m. ™

Use Distribution
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To understand a sustainable material’s impact,
you need to know its journey

Raw materials

Disposal m

Transparency

Manufacturing

Supply

Chain

é Packaging

Distribution

Manufacturing: if your new
degradable plastic requires more
energy than a town to produce, or
uses solvents that are polluting the
water supply, itis not sustainable.
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To understand a sustainable material’s impact,
you need to know its journey

Raw materials

Disposal m

Transparenc

Supply

Chain

o

Manufacturing

@Packaging
y

Distribution

Packaging: | once heard a story of
someone buying some degradable
straws, and they were shipped in a
plastic bag and individually wrapped
in plastic...not sustainable!
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To understand a sustainable material’s impact,
you need to know its journey

Raw materials

Disposal m

Supply
Chain

Manufacturing

é Packaging

Transparency

Use

Distribution

Distribution: transportation is the
largest emitter of carbon dioxide. If
you are shipping the material from
China with jet fuel-it’s not very
sustainable.
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To understand a sustainable material’s impact,
you need to know its journey

Raw materials Manufacturing Use: if you only reuse your “reusable”

Pees PSS N . . .
$. 5 h plastic bag twice you should have just
e 3 used the disposable bags.
Supply
Disposal @ Chaln é Packaging
Transparency

Use

Distribution
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To understand a sustainable material’s
Impact, you need to know its journey

81% of 1,700 companies surveyed lack full visibility into the social responsibility practices of their
suppliers; over 50% of companies had no visibility at all. (The Sustainability Consortium, 2016)

Improving visibility is costly and resource-intensive: S709M and 6 million staff hours were spent in 2014
to try to comply with conflict minerals’ regulations. (WSJ, 2015)

Marks & Spencer is working with “customers and stakeholders to identify what information they
consider to be important about where and how M&S products are produced ...” (M&S Plan A Report,
2015)
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End-of-life material management is critical in
sustainable materials design

What is the most preferred treatment after using a material?

1. Use it again! The more times something gets
used the fewer we have to produce.

2. Recycle/compost (if possible for a given
material)

MOST PREFERRED

REUSE
RECYCLE/COMPOST
ENERGY RECOVERY

3. Energy recovery-depending on the material
. (think wood) we could burn it to use its energy for
s ™ [ st another downstream process

END-OF-LIFE
MANAGEMENT

4. Landfill-obviously not an ideal long-term
solution
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How can we make our materials more

reusable?

It needs to be:
1. Reliable
2. Durable
3. Lightweight (preferably)
4. Able to preserve quality over time

* Modular design offers additional advantages by
making repair, refurbishment, and recycling easier.

* Another key issue-if you can reuse a product
indefinitely you are not buying another one.
- itisin the best interests of the business for you
to buy a new one every day/week/year

Searches for “iPhone slow”

100

Release date: 3GS 4
IPhone 3G

80

B0

Some Apples
go bad too quickly

#stopplannedobsolescence

2008 2009 2010

Sources: Google Trends, Laura Trucco

1 1 1 1
2011 2012 2013 2014
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Local sourcing materials has a variety of

benefits and downsides

* Environmental benefits

e Stronger supply chain

* Order flexibility

e Quality control

« Community engagement

* Strengthens the local economy
* Predictable delivery times

* Transparency

* Lower spoilerrisks

* Lower shipping costs

Scarcity

Higher price points
Dependence

Backlash

Reduced innovation
Scalability

Lower objectivity
Limited options

Lower risk diversification
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3D printing allows for on-site production of
materials

7 Ways 3D Printing
Helps You Go Green

More Efficient Design
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Manufacturing optimization

—
DUD

DESIGNER conrracts MIANUFAGTURER oeLvers o SHIPPER oeuivers 1o WAREH““SEDELI\/ERS roCUSTOMER

. TRANSPORT % OF PLASTIC WASTE TOTAL EMISSIONS
DUE TO FROM SHOE MANUFACTURING

OTHER

_/ZA” T 25.00% MANUFACTURING
3D

TOTAL CARBON FOOTPRINT TRADITIONAL 3D PRINTING
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Challenges to utilizing
sustainable materials

* Limited availability

* Cost considerations

* Certification and standards
* Quality and performance

* Education and awareness

* Regulatory compliance

* Supply chain transparency
* Waste management

* Local sourcing
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