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About Schmidt Futures ot &
9

Schmidt Futures bets early on exceptional people making the world better.
Founded by Eric and Wendy Schmidt, Schmidt Futures is a philanthropic

initiative that brings talented people together in networks to prove out
their ideas and solve hard problems in science and society.

SCHMIDT FUTURES To learn more about Schmidt Futures, visit https://www.schmidtfutures.com



A growing recognition: biological research as a U.S.

economic driver

“The U.S. bioeconomy is
economic activity that is driven by
research and innovation in the life

sciences and biotechnology, and

that is enabled by technological

advances in engineering and in
computing and information

b

sciences.’

SCHMIDT FUTURES

Industrialization
of Biology

ARoodmop to Accleotethe Advonced
m

SAFEGUARDING

the ‘The Bioeconom y: A Primer
e

Synthetic Biology Is About to Disrupt Your
Industry
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What is the bioeconomy?

No international consensus on the definition of a bioeconomy

and economic comparative advantages

More than 40 countries have strategies for promoting their bioeconomies
e Definitions and strategies vary with countries’ technological capacities, natural resource bases,

e

v.
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e Differences between definitions can be conceptualized as falling into 3 different categories,
however many countries’ strategies combine elements of each of the categories

Bioresource
Vision

Bioecology
Vision

emphasizes conservation of involves the conversion of
biological diversity and biomass and biological materials
promotion of ecosystem (e.g., crops, trees) into sources of
services, and recycling and power and/or new products

reusing biological resources
*elements of circularity

Biotechnology
Vision

centers around generating
scientific knowledge enabled by
the purposeful manipulation of
DNA to make products

NASEM. 2020. Safeguarding the Bioeconomy. Washington, DC:
SCHMIDT FUTURES The National Academies Press. https://doi.org/10.17226/25525.



U.S. Bioeconomy Landscape:
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e spans many scientific disciplines and sectors
e includes a wide and dynamic range of stakeholders
e 5.1% of the U.S. GDP, which translates to roughly $959.2 billion (2016 data)

Programming DNA

Agricultural Bioindustrial TOOIS'. Kits,
Services

Examples of Wholly or Partially Included Activities: Examples Emerging Activities:
Biotech R&D Processed food Emerging
Pharmaceuticals Plastics & Rubber Livestock production
Medical Diagnostics Other Physical, Engineering, and Life Fisheries/aquaculture
Electricity generation ~ Sciences R&D Forestry
Crop production Mining (bioleaching)
Chemicals Textiles

NASEM. 2020. Safeguarding the Bioeconomy. Washington, DC:
SCHMIDT FUTURES The National Academies Press. https://doi.org/10.17226/25525.



Examples of biotechnology that may be in 80 o
your homes now or that soon will... '@

Lululemon Mylo
(mushroom leather)

Squalane, an oil that is
harvested from
sharks liver, now
made in yeast

Plant-based heme
(“meaty”/iron tasting
molecule), Impossible

Foods
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COLDWATER CLEAN

fresh scent
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Plant-based Casein
(milk protein) grown in
soy plants, Nobell
Foods

Enzymes in coldwater
detergent that clean
your clothes and save

SQUALANE +
VITAMIN C ROSE OIL energy
Faci il "

o
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Why focus on synthetic biology

& the bioeconomy?

“Right now, the U.S. has the opportunity to
capture a leadership position in the circular
bioeconomy, which will profoundly impact
our ability to create and manufacture goods
domestically. As a nation, we should want
to get in on the ground floor, so that we can
establish the standards for a sector
destined to become a major driver of the
global economy:” - Eric Schmidt

SCHMIDT FUTURES

“The bioeconomy imagines a different path,
a way to transform agriculture,
manufacturing, and other industries so that
we can work with, rather than against the
natural world, to create a healthy, sustainable
future.” - Wendy Schmidt



We convened a Task Force to
inform our approach

Joe Alper
Jun Axup

Stephanie Batchelor

Patrick Boyle

Rob Carlson

Rocco Casagrande
Luis Cascao-Pereira
Gaurab Chakrabarti
Sunil Chandran
Sifang Chen

Darrell Ezell

Mike Fero

Kathryn Hamilton
Albert Hinman
Andrea Hodgson

India Hook-Barnard

Sean Hunt
Ganesh Kishore
Kat Knauer
Natalie Kuldell
Mary Maxon
Michael Roach
Larisa Rudenko
lan Simon
Deepti Tanjore
Frank Tate
Alexander Titus
Thomas Tubon
Christopher Voigt
Paige Waterman

INDUSTRY - ACADEMIA - GOVERNMENT -
REGULATORY - SOCIAL SCIENCE -
EDUCATION - ENGINEERING - SYNTHETIC
BIOLOGY

SCHMIDT FUTURES

https://schmidtfutures.com/task-force-on-synthetic-biology-and-the-bioeconomy/



Major Themes of the Study... e . 50
2

End-to-End * Science of scale/ technology maturation

Bioproduction research to enable “Lab 2 Market”
Capacity

* Bioproduction infrastructure is needed

Mobilizing . . o
Talent * Equitable opportunities & distributed

manufacturing

..to set the stage for a Circular U.S. Bioeconomy

SCHMIDT FUTURES



What is a Circular Bioeconomy?

Circular
Bioeconomy

essing

® Inputs: biomass, C1gases,
municipal solid waste

SCHMIDT FUTURES



&
A coordinated strategy for enabling the current and future @
circular bioeconomy is needed.

5 Strategic Pillars for action:

e Science of Scale

e Circular Bioeconomy
Research

e Regulatory Science

SCHMIDT FUTURES

Create a data and
computational
infrastructure

Explore pilot programs
for gov:VC
collaboration

Connect technology
developers with scale
up facility

Network of pilot
bioproduction testbeds
Bioproduction public
private partnerships
Hardware and
bioprocess innovation
Digital infrastructure

. 2 2

e Enable measurement of
bioeconomy

e Enable and enforce
federal procurement of
biobased products

e Enable a well resourced
regulatory ecosystem

Industry engagement
for workforce
development

Cross disciplinary
training programs
International
workforce pathway
Awareness
campaigns



Enable the transition:
create a bio-based carbon building-block pipeline to
plug into existing value chains and infrastructure

Biogenic ams”” “ ° ° 0 “ ° @
Input Streams L.
®* Transition from

chemical > bio

&
L 2 2
L 4 2 2

Ethanol

Methane Propanediol Butanol Xylose Glucose Aromatics
Acetone Butanediol Furfural

Isoprene

-
o
L

® National Strategic
Chemical Reserve

tydogen  Eiene
Bt | iy * Power of federal

procurement (e.g.,
Warp Speed)

SCHMIDT FUTURES
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T13-
“...compelling argument for . .
a national investment in developing . .
a circular bioeconomy:
international competition .
and the risk of losing an opportunity to
revitalize U.S. manufacturing.

“..because other countries are investing in , | ' \ \
solving these challenges, U.S. companies are ; ‘ \\ US| s It\qu
taking their technologies overseas for {| \
production and commercialization, a situation | 3 :
that if continued, promises to yield the same o 130 /) 4 WL ik et

“innovate here, produce there” i
outcome that did so much damage to the U.S.
manufacturing sector and the people it
employed.”

SCHMIDT FUTURES



Bringing bioeconomy data together to inform B
policy decisions

L 2 2
oe e

® Using data about biomass,
educational/training
programs, and industrial
facilities to identify locations
for investment and growth

P lal Blomass R Blomanufacturing Facilities College Programs BI: o ing lon Areas

Less than 10dt/SqMile @ Public, Active . Predominantly two year institutions “ Infrastructure Investment
0 10100 dt/SqMile @ University Affiliated, Active © Predominantly four year prog + Shovel ready development
P 100-500 d/SqMile & Private, Active o Educational Investment
BN 500-1000 di/SqMile W Private, Unknown

SCHMIDT FUTURES B Greater than 1000 dt/SqMile



Summary of Recommendations
L
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Develop and update a strategy

The Department of Commerce should be the “home”
Engagement across federal agencies, state & local
governments, industry, and academia

National Science Foundation should lead 5-year, $1.1B
Bioproduction Science and Engineering Initiative
Implementation via partnerships with other federal
agencies

Congress should appropriate $1.2B for Commerce to
create a network of 12-15 new and refurbished facilities
Conduct a comprehensive assessment of appropriate and
equitable placement

Governments should bring together industry & learning
institutions to develop curricula/certification programs
Establish a Bioeconomy Career Pathways Training
Program for minority serving institutions

Establish a single point of entry to facilitate industry
access to regulatory bodies

Explore risk-based mechanisms that don't require
approvals

Obtain industry input to inform economic accounting
codes

BioPreferred label as a tool for economic accounting
Strengthen government procurement

Modernization of databases
Establish & disseminate bioprocess manufacturing
standards




A Strategy for a Resilient, Competitive, and

Circular U.S. Bioeconomy: 5 Pillars

Expand research to accelerate the
translation of discoveries into public
and economic benefit

Science of Scale
Circular Bioeconomy Research
Regulatory Science

Foster a national ecosystem of
innovation and commercialization

Expand NSF |-Corps program

Create a data and computational infrastructure
Explore pilot programs for gov:VC collaboration
Connect technology developers with scale up facility

Build a national infrastructure for
bioproduction scale-up capacity

Network of pilot bioproduction testbeds
Bioproduction public private partnerships
Hardware and bioprocess innovation
Digital infrastructure

Develop a diverse workforce
to power the current and future
bioeconomy

Industry engagement for workforce development
Engineering biology and bioproduction education
Cross disciplinary training programs

International workforce pathway

National awareness campaigns

Enable policy that incentivizes and
supports a circular bioeconomy

Coordinate U.S. bioeconomy & develop strategy
Enable measurement of U.S. bioeconomy

e Enable and enforce federal procurement of biobased

products
Enable a well resourced regulatory ecosystem

SCHMIDT FUTURES
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Strategy was
developed to provide
clear actionable steps
for all relevant
stakeholders
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