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Abold goal...

“Establish the United States as a world leader in clean fuel and
clean carbon-based chemical production, create and maintain
new high-quality jobs, and provide enhanced energy security

with robust domestic supply chains.”
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carbon-based
Expand and Develop New Feedstocks:

Ch cm ica ls fr() m Develop and utilize new technologies to
maximize carbon incorporation and retention
. to generate low-cost, low-emissions biomass,
Sus t alna b le waste, and CO, feedstocks at scale
carbon sources. Examples:

Forest residues, agricultural wastes, municipal
solid waste, recycled materials, energy crops,

algae, CO,

CHANGE chemistry

New Conversion Paradigm:

Develop technologies to maximize conversion
of resources into fuels and chemicals utilizing
clean power, clean hydrogen, clean heat, and

optimized reactor systems

Examples:
Biomass gasification to SAF, solar fuels, power
to liquids, catalytic conversion of CO,
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The chemicalindustry is the
industrial carbon em itter...
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Non-manufacturing industrial: agriculture, mining, and construction

Source: DoE Decarbonization Roadmap (Figures 2&3)

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap



But 1t 1s also a large contributor to the
plastics crisis and chemical pollution
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ABSTRACT: We submit that the mfe operating space of the
Planctary boundary of movel entities i exceeded since anmsl
‘production and releases are increasing at a pace that outstrips the

Cusntifying the
Planetary Boundary
for navel entties

global cspacity for asessment and monitoring, The novel entities Comprehesarienss
boundary in the ph boundaries framework refers to entities -
that are novelin 2 geological sense and that could have large-scale
impacts tha thraten the idegay of Eath sstem proceses. We &r:‘mr,
e relevant to
for novel entities and 1.@.1.,;.1 plastic pollution 25 & particular
aspect of high concem. An impact pathway fom production of Relrance |
novel entities 1o impacts on Earth system proceses i presented.

We define and apply three criteria for assessment of the suitability
of control varisbles for the boundary: Rasibility, relevance, and
comprehensivensss. We propose sevenl complementary control varisbles to capture the complesity of this boundary, while
acknowledging major data limitations. We conclude that bumanity i corrently operating outside the planetary boundary based on
the weight-of-svidence for several of these control varisbles. The increasing sate of production and ndeses of lager volimes snd
lightt murbas of naval it with diwese dak potencias excaad socitiar’ abilty to conduct sy eubied Saseseonents nd
‘monitoring, We recommend taking urgent action to reduce the harm amociated with exceeding the boundary by reducing the
production nd releases of novel entities, noting that even s, the persistence of mny novel entities and/or their ssociated effects
weill continue to pose 2 threat.

KEYWORDS: chamical pollution, plastic pallition, wnknown planctary bhowndary threats, Earth systam impacts, cqp on emissions,
chamical management capasity

B INTRODUCTION

Chemiesl pollstion lsas the potential to cuse severs scosystem
and buman health problems at different scales” but alio to
alter vital Earth system proceses on which human lfe
depends. “Chenical polition” was included 3 one of nine
planetary boundaries,’ in response to this undentanding
Steffen et ol renamed the “chemical pollation” boundary to
“nevel entities” (NE), defined as “new substances, new forms
of eristing substances and modified life forms”, including
“chemicals and other new types of engincered materials or
organisms not previously known to the Esrth system as well as
naturslly occurring elements (for example, hesvy metsls)
mobilized by anthropogenic actvities” Steflen et 2l srgued
that the anthropogenic introduction of novel entities to the
envirnment is of concern at the global level when these
entities exhibit persistence, mobility scross scales with
consequent widespread distribution and accemolation in
organisms and the environment, and polential negative impacts
on vitsl Earth System processes or subsystems.
oo At Pttt
S Brarics S

< ACS Publications .

So far, o quantitative boundary has been defined for the
novel entities boundary, alt hough, some specific chemicals are
quantified under other planetary boundaries, such as green.
house gases and CPCs. Conditions where chemicals may pose
a planetary threat have been specified, ™ and ways in which
casading systemic effects come to represent 3 phn etaryscale
problem have been explored, for example, for plastics”
{mistures of nonpolymeric and polymenc chemicak). The
high costs to society associsted with current we and
environments] releases of novel entities™’ % offer 2 strong
additions] anguments for purssing prempt sction sddressing
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To avoid regrettable tradeoffs solutions,
need to go beyond decarbonization

“The business proposition for investment in
sustainable chemistry includes not only
decarbonization benefits but also those associated
with eliminating chemicals of concern and finding
safer alternatives (also referred to as ‘detoxification”).
Such investments may lower cost and financial and
reputational risk, increase government compliance,
create new market value, avoid regrettable
substitutions, and support corporate sustainability
targets. Making a strong business case—that
sustainable chemistry investments solve multiple
challenges and have improved life cycle costs—is
critical for market success. e

Sustainable Chemistry in RD&D to
Transform the Chemicals Sector
Roundtable
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Need to be clear on the direction -
Sustamable Chemistry

Sustainable Chemistry

Criteria categories to meet the
definition of sustainable chemistry

EQUITY AND JUSTICE

+ Authentic engagement of potenti
impacted communities

+ Protection of workers. marginalized

communities, and vulnerable groups

« Prioritization of innovations that
Transpa rency remediate past harms
+ Strengthening of local economies
Skl and product access and affordability
ustainable
: B TRANSPARENCY
chemistry is the - Disclosure and accessibility of health,
development and safety. and environmental data
application of chemicaIS. - . gﬁ;:-::;ﬁ?;i::;ﬁﬁcaﬁon of
. il
chemical processes, and « Availability of chain-of-custody
products that benefit information for chemicals and materials
current and future CLIMATE AND ECOSYSTEM IMPACTS
Climate generations without + Utilization of renewable.non-toxic
harmful impac{s chemical building blocks
and toh Health + Avoidance of negative impacts
ECO Syste m 0 um::s or a nd on natural resources, the climate, and
ecosystems. biodiversity
i mpaCtS & _ Safety + Minimization of energy use and

greenhouse gas emissions

Impacts

HEALTH AND SAFETY IMPACTS

+ Absence of hazards to people or
ecosystems

+ Prevention of environmental releases
that persist or bioaccumulate

= H ; CIRCULARITY
Circu larity + Design of products with an appropriate

lifetime
+ Enablement of safe reuse and recycling
+ Emphasis on resource efficiency and
Source: Lowell Center for Sustainable Production and Beyond Benign waste prevention

https://www.sustainablechemistrycatalyst.org/s/Defining-Sustainable-Chemistry-Report-Feb-2023.pdf
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To achieve Earth Shot and Sustainable Chem istry
goals willneed to advance RD&D at multiple levels....

Five Conversion Strategies
to Transition the Chemical Industry
Towards Sustainability

Feedstock

Substitution Production
Process Redesign

Chemical manufacturing
processes should be redesigned
to use renewable feedstocks,

The industry should sharply
reduce fossil fuel use for
feedstocks in the production
of chemicals, while building

supplies of alternative minimize adverse impacts,

sustainable, renewable ) and work within more flexible,

feedstocks. distributed, and resilient
manufacturing operations.

Molecular Redesign
The industry should develop
innovative, new platform
and tunable chemistries
based on the principles

of green chemistry and
engineering.

Downstream

Product Redesign
Product design and delivery
should be reimagined so that
products are more circular,
use safer chemistries, and
have lower adverse impacts
through their lifecycle.

Energy Conversion

The industry should minimize
its process energy require-
ments and transition from
fossil fuels to renewables.

https://www.tandfonline.com/do#/full/10.1080/00139157.2022.2021793?scroll=top&need Access=true
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Barriers and enablers of sustainable
chemistry

Inhibitors dominate and Drivers enable some growth in Accelerators can create significant
adoption rate is slow adoption growth in adoption

Growth Deterrents Growth Accelerators

Green Definition

5 Supply Chain Collaboration

= .

o —— Technology Forcing

o Incumbency

< .
Confusion Compromise

Switching Risk Growth Drivers Enhanced Education

; Government Regulation
Price/Perform.

Consumer
Supply & Demand Awareness

Transparency

New Technology
Access/Placement

TIME E

https://greenchemistryandcommerce.org/resources/gc3-publications

CHANGE chemistry



Challenges to Sustamnable Chem istry
Technologies at Scale

* The mterplay between scale, price, growth
potentialand mmvestment attractiveness
causes a technology inertia that favors
incumbent technologies

 Acollaborative approach is needed to:
* Overcome Technology Inertia
* Mobilize public and private investment
* Address risk of new technologies

* Create policy incentives

* Demand pull

* Bridge gap in costs to ensure innovator

competitiveness

CHANGE [chemistry

Increased Price

Technology

Limited Market

. Growth
Inertia o

Low Investment 1
Attractiveness




Ensuring federal funding from early stage to deployment derisks
new Innovations from smaller innovators

ABOUT EERE RESOURCES BUILDINGS & INDUSTRY E ENERGY LE TRANSPORTATION

f ¥ B © M About Newsroom Careers  Offices  Mational Lshs i
e ENERGY EFFICIENCY & RENEWABLE ENERGY

~ ENERGY.GOV SCIENGE & INNOVATION ENERGY ECONOMY SECURITY & SAFETY e SAVE ENERGY, SAVE MONEY Q

INDUSTRIAL EFFICIENCY & DECARBONIZATION OFFICE ~

Department of Energy

IEDO FY24 Energy and Emissions

Biden-Harris Administration Announces fenaite ol istrios FOR

$6 Billion to Transform America's

Industrial Efficiency & Decarbonization Office

Industrial Sector, Strengthen Domestic
Manufacturing, and Slash Planet-
Warming Emissions

fice » |EDO FY24 Energy and Emissions intensive industries FOA

MARCH 25, 2024 Office: Industrial Efficiency and Decarbonization Office
FOA Number: DE-FOA-0003219
Available Funding: $83 million

Description

On Jan. 25, 2024, the U.S. Department of Energy (DOE) Industrial
Efficiency and Decarbonization Office (IEDO) announced an $83

Energy.gov »
Biden-Harriz administration Announces $6 Billion to Transform Americas Industrial Sector, Strengthen Domestic

Manufacturing. and Slach Flanst-warming Emissions : .
o ming million funding opportunity that will decrease emissions in the hardest Funding Opportunities

to decarbonize industrial subsectors.

President Biden's investing in America Agenda Provides the Single Largest Industrial Decarbonization * lLabCalls

. . - . . N . Decarbonizing the US. industrial sector is key to achieving the nation's
Investment in the Nation's History, Driving $20+ Billion in Total Investment to Revitalize Manufacturing

clean energy goals. By accelerating the development and adoption of News & Events
Communities and Create and Maintain Good-Paying Jobs

sustainable technologies that increase efficiency and eliminate

industrial greenhouse gas (GHG) emissions, this funding will help tackle FEEAH NS
WASHINGTON, D.C. — As part of President Biden's Investing in America agenda~ , the US. the climate crisis, boost the competitiveness of domestic Energy- and Emissions-
Department of Energy (DOE) today announced up to $6 billion for 33 projects across more than 20 manufacturing, and create good-paying jobs for American workers Intensive Industries
L Chantar

states to decarbonize energy-intensive industries, reduce industrial greenhouse gas emissions,
support good-paying union jobs, revitalize industrial communities, and strengthen the nation's
manufacturing competitiveness. Funded by the President's Bipartisan Infrastructure Law and
Inflation Reduction Act, the projects will create and maintain tens of thousands of high-quality
jobs and help accelerate the commercial-scale demonstration of emerging industrial
decarbonization technologies crucial to meeting the Biden-Harris administration's climate and

Anrmactic mannfartiiring anale

CHANGE

Chemistry www.changechemistry.org



Public-Private Financing Will be Critical to
Growing Solutions

JUNE 2023

Build coalition to advance
Strategic Approach to Transition Finance sustainable chemical transition
for Sustainable Chemicals and Materials: finance

A Blueprint for the Financial Community

ch&ﬁﬁ Research
T !Mmh Education
f— Engagement

Strategy

Foundational activities completed

https://www.sustainablechemistrycatalyst.org/sc-finance

LLLLLL
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And a coordmated federalindustrial,
financial,and regulatory policy approach

e Government leadership/commitment to sustainable chemistry to provide a
clear market signal that aligns policy, market actors and other stakeholders

e (Clear and time delimited policies that restrict or disincentivize incumbent
chemicals and materials of concern and the processes that make them

e An industrial strategy to focus investment, R&D, and policy towards
sustammable chemistry to address key societaland market needs

e Policies that Policies that incentivize investment, deployment and adoption
and create demand

e Incentives for value chain collaboration to achieve goals (eg semi-conductors)
e Massive public and private finance from early stage through pilots and capital
buildout —with sustamable chemistry investment as a clear ESG priority

e Ultimately a 20-30 year roadmap to change, with interim targets

CHANGE‘ChemiSJ[I'y www.changechemistry.org



A clearroadmap is needed that connects
e fforts to transform chem istry

BOLD GOALS FOR
U.S. BIOTECHNOLOGY )
AND BIOMANUFACTURING 7 -

HARNESSING RESEARCH AND DEVELOPMENT
TO FURTHER SOCIETAL GOALS

MARCH 2023
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SUSTAINABLE CHEMISTRY REPORT

v

FRAMING THE FEDERAL LANDSCAPE

A Report by the

JOINT SUBCOMMITTEE ON ENVIRONMENT, INNOVATION, AND
PUBLIC HEALTH

SUSTAINABLE CHEMISTRY STRATEGY TEAM

of the
NATIONAL SCIENCE AND TECHNOLOGY COUNCIL

August 2023




Save the date!

INNOVATORS
ROUNDTABLE

October 28-30, 2024 | Beaverton, Oregon

HOSTED BY i _—

www.changechemistry.org

o
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Sustainable

Thank you!

a» Lowell Center
=% for Sustainable

Chemistry
Production Catalyst
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For more information, please visit:

Sustainable Chemistry Catalyst | sustamablechemistrycatalyst.org
A4 | www.saferalternatives.org

Change Chemistry | member.changechemistry.org
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