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Learning Objectives
1. Be able to identify key challenges in developing sustainable materials
2. Be conscious 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

Objectives Background Conclusions and Next StepsChallenges



Clean, healthy, and sustainable 
environments are a human right
• It’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 161-0.”
“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.”

Objectives Background Conclusions and Next StepsChallenges



OK—but what makes a healthy 
environment?
• Any thoughts?

Clean air, water, 
and land

Sustainable stable 
shelter A stable climate Safe food and 

agriculture

Products free of 
harmful chemicals

Healthy living and 
working conditions

Rights and self-
determination
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Which uses sustainable materials?
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So why are so many houses built with the materials on the left?

Objectives Background Conclusions and Next StepsChallenges



Objectives Background Conclusions and Next StepsChallenges



Objectives Background Conclusions and Next StepsChallenges

Which of these does your project address?



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

Objectives Background Conclusions and Next StepsChallenges



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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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?

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 (IoT) for scaling
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The power of Internet of Things (IoT) for scaling

Objectives Background Conclusions and Next StepsChallenges

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.



The power of Internet of Things (IoT) for scaling
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Optimization in sustainability
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Optimization in sustainability
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Sustainability via optimization (especially through artificial intelligence/IoT) is a leading example that limited 
supply should not dictate our ability to work sustainably. 

For example: How much of the time does your car spend sitting there waiting to be driven?

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



Optimization in sustainability

Objectives Background Conclusions and Next StepsChallenges

Soon cars might not be a thing you “own” 
they might be a thing you “use”

Could other sustainable materials be 
seen this way?



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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Think about it from a consumer 
standpoint…
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Is it worth the trade-off?
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Things are Changing…for the better!
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Where can we, as scientists, engineers, and 
activists contribute?



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?

There are currently no state or federal carbon taxes in the U.S.
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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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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.

Objectives Background Conclusions and Next StepsChallenges



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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We can’t even agree on what IS a sustainable 
material
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Look for these classic signs of greenwashing
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sustainable materials

• Limited availability

• Cost considerations

• Certification and standards

• Quality and performance

• Education and awareness

• Regulatory compliance

• Supply chain transparency

• Waste management 

• Local sourcing

Objectives Background Conclusions and Next StepsChallenges



What is the most consumed material in the 
world by mass?

It’s water…but what is number 2?

It’s concrete! Over 30 billion tons!

Concrete outpaces per capita production of any other material

Total Global Carbon Emissions by Sector

Monteiro, P., Miller, S. et al. Towards sustainable concrete. Nature Mater 16, 698–699 (2017).
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We should stop using concrete!
• Easier said than done—there’s a reason we use it. 
• It’s a fantastic material

1. Strength
2. Durability
3. Reflectivity
4. Versatility

Monteiro, P., Miller, S. et al. Towards sustainable concrete. Nature Mater 16, 698–699 (2017).
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We should stop using concrete!
• Easier said than done—there’s a reason we use it. 
• It’s a fantastic material
• Demand is expected to increase a further 50% by 2050. 

(That’s 26 years away for those keeping track at home)

Monteiro, P., Miller, S. et al. Towards sustainable concrete. Nature Mater 16, 698–699 (2017).
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Can biology be our inspiration for new materials?

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?

Sandak, A., Ogorelec, K.B. Bioinspired building materials—lessons from nature. Front. Mater., 15 November 2023
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Can biology be our inspiration for new materials?

Xu, X., Chen, Z., et al. Colonial sandcastle-inspired low-carbon building materials. Matter. 6(11) 2023
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Challenges to utilizing 
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You’re already taking step 1!
• One of the most reliable ways to improve individual sustainable 

attitudes and behaviors is education

Wang Q, Niu G, et al. (2022) PLoS ONE 17(2): e0263383
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Awareness improves behavior
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Be informed. It is up to you!
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Regulation is one of the most efficient ways to 
enact change

Congress passed the Clean Air Act in 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!
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Catalyzing Clean Energy Industries and Jobs 
Through Federal Sustainability Executive Order 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.
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Environmental, social, and governance (ESG) 
The three central factors used to measure the sustainability and ethical impact of an 
investment in a company or business.

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

1. Carbon emissions 
2. Carbon footprint
3. Energy efficiency
4. Waste management
5. Natural resource conservation
6. 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

“Significant violations occur at 25 percent or more of 
facilities in nearly all programs for which there is compliance 
data.”
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Challenges to utilizing 
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To understand a sustainable material’s impact, 
you need to know its journey
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To understand a sustainable material’s impact, 
you need to know its journey

Raw materials: probably the most 
obvious example. If it is made from 
non-renewable materials, it is 
probably not sustainable.
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To understand a sustainable material’s impact, 
you need to know its journey

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

Packaging: I 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

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

Use: if you only reuse your “reusable” 
plastic bag twice you should have just 
used the disposable bags.
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To understand a sustainable material’s 
impact, you need to know its journey

Disposal: sustainable materials 
should degrade naturally over time or 
should be reusable and recyclable. If 
you do not recycle the recyclable 
plastic, it is not sustainable!

If a company is not transparent with 
their entire supply chain-they are 
probably not acting sustainably.
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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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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)

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

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. 

 - it is in the best interests of the business for you 
to buy a new one every day/week/year

Objectives Background Conclusions and Next StepsChallenges
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Local sourcing materials has a variety of 
benefits and downsides

• Environmental benefits
• Stronger supply chain
• Order flexibility
• Quality control
• Community engagement
• Strengthens the local economy
• Predictable delivery times
• Transparency
• Lower spoiler risks
• 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
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Manufacturing optimization



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

That’s a lot of challenges…
See you next time for some solutions with Dr. Lauren Blake!
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