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Biological and Environmental Research in
DOE’s Office of Science is multi-scale, “Big
Science”, to advance frontiers in genome-
enabled biology and the interdependencies of
physical and biogeochemical Earth system
processes. The program’s mission areas range
from molecular and genomic biosciences to
the global dynamics of the atmosphere,
oceans, and continents, with a common thread
of life across environments.



Charge letter questions to BERAC

...in which areas and capabilities, presently or in the foreseeable future, does BER lead in the

international community, and in which areas does leadership require strengthening?

* ...are there key international partnerships that could strengthen BER science output and
increase global visibility of BER?

* ....with resource constraints, is there a preferred optimization for organizing research,
collaboration, and funding mechanisms among labs, universities, and other federal agencies?

* ...how can BER programs and facilities be structured and managed to create incentives that

will attract and retain talented people?
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Approach to metrics

Our goal was to benchmark performance in the last decade and to be generative for BER’s
strategy in the next decade with actionable recommendations.

= Quantitative metrics (bibliometric data, programmatic funding): used for benchmarking
BER’s practices, structures, protocols and resource investment, products and outcomes

= Qualitative metrics (over 60 interviews with thought leaders, Town Halls, public request for
information (RFI)): used for assessing the potential for international leadership in the next
decade

With inputs from international thought leaders and RFI responses, hypotheses emerged that
were tested in Town Hall meetings and discussed with subject matter experts and across the
full Subcommittee. In some cases, quantitative metrics provided supporting evidence for a

hypothesis.

= We reported both consensus and disagreement
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Example of a Chapter-specific recommendation

o,

. . D ®
Each chapter contains recommendations for future scientific gl
directions.

Leaf and root

® Example from Chapter 2: The BER research portfolio Ml oy

has the people and tools needed to form large-scale E:

research teams who in partnership can build a 1 Complex compounds ﬁ

holistic, multi-scale, predictive understanding of g oo 0T
sustainable bioenergy cropping systems, their N Plant and microbial

. . g . " N 2 Microbial factory

microbial communities, soil health, and ecosystem- - ) \

level processes. | Microbial )

community 9

4  Stable carbon pool

Partly decomposed plant material
Extracellular metabolites
Microbial necromass

Leveraging systems biology approaches to gain bl bt e,

predictive understanding of above- with below-ground
communities for an environmentally sustainable
bioeconomy
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Title Mission area
DOE Bioenergy gi“.“e’gy"“d
nvironmental
Research Centers Microbiomes
From Biofuels to
Bioeconomy—DOE
Funding Helps Gingko Biosystems Design

Develop Leading Cell
Programming Platform

Amyris—Delivering on
the Promise of Synthetic J:ISHENHESN
Biology

Next-Generation
Ecosystem Experiments

Environmental System
Science

IDEAS—Interoperable
Design of Extreme-scale
Application Software

Environmental System
Science
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Case Studies

Takeaways

Well-managed, mission-inspired scientific
centers can be successful, and sustained
collaborative funding can increase research
impacts.

DOE-funded workforce training outside of PhD
tracks (e.g., associate degrees, apprenticeships,
and certificates) is essential for the future
bioeconomy.

Partnerships with R&D companies can amplify
BER research impacts and bring BER-relevant
processes to scale for market impact.

Explicitly connecting understanding of
ecosystem processes to Earth system modeling
is a paradigm shift in the integration of
modeling, experimentation, and observations.

A community approach has enabled leadership
in the computational modeling of terrestrial and
watershed ecosystems with high process fidelity
at various spatial scales.

Title Mission area

CMIP—Coupled Model

Climate Science
Intercomparison Project

Cloud Feedbacks and
Climate Sensitivity

Climate Science

The National Virtual
Biotechnology
Laboratory—DOE’s R&D
Response to COVID-19

Enabling
Infrastructure

Can BER Influence
National Laboratory
Culture to Attract Great
Talent?

People, Partnerships,
and Productivity

MOSAIC—
Multidisciplinary
Drifting Observatory
for the Study of Arctic
Climate

People, Partnerships,
and Productivity

Takeaways

BER support of and leadership in CMIP has been
vital to the project’s far-reaching success in the
international climate science community.

BER is a world leader in understanding how
clouds affect Earth’s energy budget, how and
why their properties shift under climate change,
and how sensitive Earth is to carbon dioxide.

An enabling infrastructure coupled with
diverse capabilities can be leveraged for a
rapid, impactful response to national needs or
emergencies.

DOE and the national laboratories need to
prioritize, with time and investment, workforce
development.

The Atmospheric Radiation Measurement user
facility demonstrated BER's key leadership in
an international partnership by operating a
major component of the largest arctic scientific
expedition in history involving more than 80
research institutions from 20 countries.



Example of a Case Study: Chapter 7, COVID-19 #NatLabsinTheFight

Starting points
+ Crystal structures and
structural models
+ Multiple antibody templates

« Databases of purchasable
small molecules
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Overarching findings

* BER’s international leadership is well-substantiated across mission areas and enabling
infrastructure

* Mission areas increasingly target the critical challenges of the coming decades for which Big
Science can and must be entrained

* International leadership is a more meaningful goal when viewed in a collaborative versus
adversarial context

* Future leadership is not guaranteed and will require increased investments and strategic
partnerships with private, public, and academic institutions; other DOE programs; other federal
agencies; international collaborators; and across disciplines

* Volatility in priorities, funding, and workforce retention significantly threaten BER’s ability to
sustain its leadership

* BER’s funding over the last decade has not increased commensurately with the growing scale
and acuteness of the national and global challenges that BER missions and science address

* The science community does not widely associate BER with the major research impacts and
achievements it has enabled
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Substantiated international leadership across BER mission space

ISR ™

ModEXx
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In a global research community, we are interdependent on others for
our national success

Co-Authorship Collaborations by Country Top 20 Countries by Publication Volume
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= Joint publications with international co-
authors are highly cited
= Numbers of international collaborations have
increased together with the magnitude of the
global research enterprise 2018
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Future leadership is not guaranteed

* Mission-specific search terms reveal other

countries catching up to the U.S.
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Volatility of funding and flat funding are threats

— BER --- BERTrend Line — U.S. — Non-U.S.
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Overarching Recommendations

* Increase and sustain needed resources in all mission areas and in integrative
science opportunities across and between these areas (risk: failure to invest)

* Improve connection between basic science and research across technology
readiness levels (risk: failure to capitalize on investment)

« Establish horizon-scanning mechanisms for long-range, strategic infrastructure
and mission-area investments (risk: failure of imagination)

« Elevate the stature of BER mission science to ensure recruitment of the best
and brightest (risk: failure to inspire)

e Prioritize, with time and investment, a culture that supports diversity and
inclusion, enables early- and mid-career professional development, and
delivers the future workforce (risk: failure to sustain future leadership)
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Take advantage of opportunities for integrative science

National testbed
Stressors
Scale-Aware Network of Energy Sustainability
Testbeds (NEST)
A suite of strateqgically chosen testbeds to quantify
coupling between energy strategies and scale-relevant
air-water-land processes.

(limate variability
Population movement
Migration commitments

Regional testbed
Stressors |

Synthesis across the testbeds will offer an Weather extremes
unprecedented opportunity to advance fundamental Climate trends
knowledge and tools needed to quantify couplings and Population growth
9 4 o Socioeconomic conditions

underpin development of a range of resilient and

Energy and water polices
interconnected energy strateqgies.

Water and grid storage and connectivity

Urban testbed S % %

Stressors
Population growth

Farm-scale testbed S8

Stressors

Soil quality
Nutrient availability
Water availability S5
Climate change

« "

Energy demand ':3.",' ¥

= We applaud BER’s investment
in the BRCs and in the
Integrated Field Laboratories
program

= BER could consider synergies
between BSSD and EESSD

10%m 10°m 10°m 10°m 10°m

nanometers micrometers millimeters meters kilometers

1
10°m
1000 kilometers
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Entrain basic science to research across TRLs

- . 900 = A
Patents as Proxies for Innovation i, - comeepunsfiaigat

| - - nature
Patents Per 800 M Invention Disclosures: 845 . ~ 72
Agency* $100 Million Funded 700/ | ™ Patent Applications: 715 blOte.Ch“dOgy'»
M Licenses/Options: 298 e NSy

DOE total 8 600 | Patents: 261 _r%
DOE Bioenergy Research 21 500! W Start-ups: 22 L
Centers (2007 to 2021) _' XXX
National Science 4001 4
Foundation gl

300+
National Institutes 5
of Health 200+
U.S. Department 5 100+
of Agriculture

0" ; ] T R e S T T T T | 3

U.S. Department of Defense 2.5 FY08 FY09 FY10 FY11 FY12 FY13 FYI4 FYIS FY16 FYI7 FYI8 FY19 FY20 FY21 FY22 Sustainable chemicals

with synthetic biologys
»

*All agencies 2000 to 2013 except as noted. Source: NIH 2015.

. . . . ) https://doi.org/10.1038/s4
= Evenin the innovation ecosystem of the Bioenergy Research Centers, it has proven 1587-021-01195-w (2022)

difficult to translate discovery to market impact

= The pace of discovery is accelerating and should compress the time spent at TRL 1-5
for technology development and deployment
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https://doi.org/10.1038/s41587-021-01195-w

Establish horizon-scanning mechanisms O 2

®
S
= Respondents and subcommittee applaud BER . i
emphasis on a research community approach N :\;
(roundtables, workshops, NASEM reports)
= However, as the research enterprise becomes — ‘
increasingly globalized, BER needs mechanisms | et i)
to increase its agility to respond to oo —— T
breakthroughs % T } shoinsx
INVESTIGATE Research shortlisted issues (individuals)
= The program can take advantage of proven -
methodologies in horizon-scanning and |
foresight exercises ; REVISE Rk esios R ot (o)
rescone || F T T

Ch 6 in http://nap.nationalacademies.org/25525
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Elevate the stature of BER
mission science

« Need to better communicate
inspirational science
accomplishments to ensure
recruitment of the best and brightest

 Critical for attracting academic
researchers to dedicate their careers
to BER science
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Empl

desireable location . business

More important As important Less important
to employees than to employees as to employees than
employers appreciate employers think employers think
+2 Valued by
Most gorganization
Important Valued by
e Work-life
Sense of helcmgingg ghalance
+1 2
- Potential for Unmanageable Inadequate
Somewhat | Having caring Advancement ° workload compensation
Important and trusting Feel & Lookina for
teammates @ Engagekd 9 %unr " beﬂegrjnb
; yworke®, ¢ L
ees — 0 Flexible work schedule o Gl health |
Negative Development®
Safe environment @  Interactions g opportunities
[ ® Abili
Do meaningful work to wutyﬂg
Ability towork g0 o e
autonomously Poached
Less ~! by another
Important company
Access to e
technology
» Employers must focus on the deeper
L . employee experience and relational
-2 Living in 2 Starting a elements, while treating structural factors

[ ] like pay and working models as table stakes.
-2 =1 0 +1 +2
Less | Somewhat Most
Important Important Important
Employers

Prioritize a culture that
supports the future workforce

® |nthe future of work, employers might
attract and retain employees by focusing on
relational, not transactional, aspects of their
culture

= BER and DOE should consider how to
influence the culture and climate across the
national laboratory system to promote
inclusivity, improve opportunities for
personal and professional development, and
mitigate sources of stress and anxiety

Figure re-drawn from De Smet, Dowling, Mugayar-Baldocchi,
Shanninger “Great attrition or great attraction — the choice is
yours” McKinsey Quarterly, September 2021
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Forward momentum...

Responses to chapter-specific scientific recommendations, for
example, DOE-BER workshop held on “Plant Transformation”

”

SC investments in integrative science through “Energy Earthshots
SC investments in coupling basic research to innovation through
“Accelerating innovations in emerging technologies”

Increased SC investments in programs to improve workforce
diversity such as “FAIR” and “RENEW”

Continuing dialogue between BERAC and DOE-BER leadership

For the coming decades, BER mission areas have a critical
role at the nexus of global challenges of climate change,
energy transitions and sustainable prosperity. Given the
urgency of addressing societal grand challenges by using
“Big Science” to drive solutions, failure is not an option.
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