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The Bioeconomy: A Primer

Thetermbioeconomyefers tahe shareftheeconomy based groducts, services, and

processes derived fromtagical resources (e.g., plants anidroorganisms)rhe bioeconomy  yiarcy E. Gallo

is crosscutting, encompassing multiple sectors, in whole orin part (e.g., agriculture, textiles analystin Science and
chemicals, andnergy)Many predict thathebioeconomywill be a key componentofthe future Technologypolicy
economySpecifically, many view the delopment of and transition to predominantly a

bioeconomy as a means to address grand challenges such as climate change, food secur

energy independence, and environmentalanability. Advancing the bioeconomy is also

viewed as an opportunitg createnew jobs and industriesnprovehuman health throughthe

development of new drugs and diagnostics,laoaktrural developmenSomeexpertsestimate the direct economic impact
of bio-based products, services, and proesasip to$4 trilion peryeaglobally overthe next Ifears

August19, 2021

U.S. competitiveness and leadership in the fuglodalbioeconomy is uncertaiin 2012,theOffice of Science and
TechnologyPolicy (OSTP)eleased a comprehensive visionforthe U.S. bioecoridogresonthe goals and objectives
outlined inthereportremairs unclear. Since 2018)eU.S. Department oA gricultureandtheDepartment oEnergyhave
ledfederal efforts on developmenitthe U.S. bioeconomiHowever, according tthe International Advisory Councilon

*OREDO %LRHFRQRP\ VXFK DJHQFLHV KD Y-H D\VIP& WH \DLIRdB e MidoBEE UMD IOHD Q G

comprehensiveisionproposdby OSTHn 2012 €.g, biomedicinehealth and biodefense areot emphasized
Organizationgncluding theNational Academies of Sciences, Engineering, and Medltine recommended that the
federalgovernment develop and regularly updatemprehensivbioeconomy stratedgp sustain and growthe U.S.
bioeconomyOther countries are adopting comprehensive policies and strategies to advance their bioe Suainade.rts
have tle potential to challenge Ul8adership in biotechnology and other bioeconwoetsited sectors that many view as
critical to national security and economic competitiveness.

Congress may consider a number ofissegarding adancementofthe U.S. bioeconomy, includingdevelopmerand
implementation of a national bioeconomy strategy, federal investmdritseiconomyrelatedresearch and developnien
expanding théioeconomy workforce, promotiregnd furtheringhe development of regional bioeconomiasreasindoth
themarket forbio-based products and services wellapublicawarenesand &ceptancef bio-based products and
services.

ConverselyCongress may decide there is no negdsdructurdederal activitieand policiesincluding some longtanding
efforts(e.g, bio-based fuels or agricultural biotechnology)der a bioeconomy framewo@ongressnay decide to pursue
bioeconomyrelated policies through new or existing sedpecificefforts, or it may decide current policies and activities
are sufficient.
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Introduction

7KHLRHFRQRWKH SRUWRRA® MR BDRMHG RQ SURGXFWY VHUYLFHV

IURP ELRORJLF BIOJ U 15\DRPQUFRFRIRQG ERIPHP SUHGLFW WKDW WKH X W
HFRQRPEH SO PDULO\ BFEARUER@RWIR WKH OF.LQVH\B/OREDO ,QV
PXFK DV SHUFHQW RI WKH SK\VLFDO LQSXWV WR WKH JOREDO
ELRORJLEDO'S U H GLEFMWLHRE® \RIMUWE M D Q FRIPRIQWNQRZOHGJH DQG

XQGHUVWDQGLQJ RI WK B LIR[OR SL0-HD OO0 R DDIGRABGMN N DQG DQLPDC
IRU GHVLUDEOH WUDLWYV H J KHREHYHUH®B \QRYHQGWDQWB QG
JHQREWEDVLV IRU VR PHQRI KARKZH IVOIFRMORELMIIRQP LWWHG ZLWKLQ FHO

EHWZHHQ JH@ENU R WQOR 6 B QUUDEROH B U FEKGHIQAPW L\W KEHR\ GREDLAW
ZLWK DDKYHO R BQUG FLVHRW HE LRNKDDK NRBPHFY

0DQ\ YLEZRBIFRQRP\ DV D PWRBIHIDEBMIBEGIHNVXFK DV FOLPDWH |
VHFXULW\ HQHUJ\ LQGHSHQGHQFH DQG HQYLURQPRQWDO VXVV
WRLREFRQRP\ LQFOXGH WKH IROORZLQJ

X 7KH VXEVRILWK@QHRDE OH ERPHY W R EDLWRVYDOVXHOV
LQ WKH SURGXFWKRPLRDOYHDDG PDWHULDOV
$Q LQFUHDBVBHQ® GIWRIVWRFN SURGXFWLRQ
. QFUHDVHG HIILFLHQF\ DQ GVE HJ XGK FRW [ER® RQVZ/DV W H
1HZ GUXJV OQRVGWAEFNVIWR LPSURYH KXPDQ KHDOWK
7KH FUHDWZRARRY @ QG LQGXVWULHV
X YRRVWLQJ UXUDO GHYHORSPHQW
$FFRUGLQJ WR WKH 2UJDQL]DVRIRRQ® UHFRQRPR A QR RB(KU D WIK H
SR W HEHMDIHEFOW?® QRW EHFRPH UHDOLWY B LVWKKSRSRW \I WWRFQ IWRLYHHULD
DQG WKH SXEGRFWBWWILIDWIAKDOOHQJHY DVVRFLDWEG ZLWK D W
WKH VXFFHVVIXO GHYHORSPHQW DQGJARPWHIGFEDRIGRMWR @ QG B
LQFOXGH
X HQVXULQJ SROLFD®RKMHDF DPRGI RV WHFHNVRUV LQYROYHG
X RYHUFRPIOREQRHULIRGAHWWYQJ SURGXFWLRQ V\VWHPYV
X HQVXULQJ HTXDO DFRH\OD WRGE BRRERKGRPADQG VHUYLFHV [
X SURPSWLQJ FRQVXPHU DFFHSWDQFH DQG GHPDQG
*LYHFR QF HU QV BRERXHW 8 VB IQ@DOH\R\D D DVWHRAFL D MWI\G Z LW K
ELRWHFKQROBRIVH RI FHOOXODU DQG ELRPROHFXODU SURFHVVH
SURFRV¥RBVUHVVLRQDO LQW H U HVBRMOHWW K BER\GMIFRRZO\R P\ DQ G

UHSRUW SURYLGHV DQ RYHUY WAEHRR WKW K IL RVHKIHR &RAYHHIG HOMIDL\VD

V H O HFDWWER Q W VLR MWQKIH E L RHHIFSRSGIRFBD R G RITHUV SROLF\ FRQVLGH
IRU VWUHQJWKHQLQJ WKH UROH RI WKH7&H. WHSRERVDGRHNVLQ W K

HIDPLQH WKH SROLFLHYGDQGRW R UYWRNBEBRNWHR WR WKH ELRHFRQ

X X X X

1 Michael Chui, Matthias Evers, and James Manyika, eThe, Bio Revolution: Innovations Transforming Economies,
Societies, and Our LivedcKinsey Global Institute, May 202@. vi.

2 Organization for Economic Cooperation and Developm&he,Bioeconomip 2030: Designing a Policy Agenda
OECD Publishing, Pari009, p. 3
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ELRIXHOV ELRP®RKIDUPBBWHKXWQRBDOV RU BLVEXXOWXWHKHEXW LQV
ELRHFRQRP\ IURPODS ADNS R FOMLYYH

Variability ihBithecSonomg of

7KHUH LV QR VWDQGDU G RFHTKMIPVRISAHQ HRP SKIOH/ IEM RBIG B QG HILQLW L
QDWMER@HFRQRP\ RIVWRRPWBHFKQRORJLFDO FDSDFLW\ QDWXU
DOHSF RQRPLF DQG WRIDHYEHBIR QAR Q VG H M. R H VELLARRQYARRI @ R\
D¥URVVFRXK@ARIFEBDVVLQJ RXIOQVZERBH REW.RLSDURMKOMAMX UH WH[W
FKHPLARGVDORG SKDUPDRHEWLRRQOYV RF BEHRQEWWQHHULQJ DQG
OHGLFLGD JURXSADWIKHELOLW\ REVHUYH®RUQGKREMI\QDWLRQ VF
ELRHFRQRP\ LQW R RWKVIML D BMHRMHEKQYRORJI\ YLVLRQ D ELRL
DQG EIHF RORJ\ $AFRBRGLYYOW R

Under the biotechnology vision, activities in the bioeconomy center around generating
scientiic knowledge enabled by the purposeful manipulation of DNA, with production
processes operating at the molecular level, the commercialization of such processes, and
the development of new commercial products through biomanufacturing.

The bioresource visioinvolves the conversion of biomass and biological materials (e.g.,
crops, trees) into sources of power and/or new products, suchadtios or biofuels.

7KH ELRHFRORJ\ YLVLRQ 3KLJKOLJKWY WKH LPSRUWDQFH RI HFRC(
use ofenergy and nutrients, promote biodiversity, and avoid monocultures and soi
degradation.

7TKHVH FDWHJINRWEKHRRMYUHHU QRW P XW XTKAHO ERI[WOXREEOHYV R

%LRHFRQRP\ "HSIU A VHIORMRBRWMHEHR HFRQRPY RUHRBXE\ FRXQWULHV D
LQWHUQDWLRQDO RUJDQL]DWLRQV

Examples of Bioeconomy Definitions
Brazil

TKH WHUP ELRHFRQRP\ UHIHUV WR "WKH DQGHUBDWYLLF® \R EDY®& B YRX(
naturalreRXUFHY DQG HFRWVWHP VHUYLFHV p

European Union
"7TKH ELRHFRQRP\ FRYHUVY DOO VHFWRUY DQG V\VWHPV WKDW UH(

organisms and derived biomass, including organic waste), their functions and principles. Itincludes and inte
land and marine ecosystemadithe services they provide; all primary production sectors that use and produc

3 More information on individual sectors that contribute to the bioeconomy can be found in other CRS reports. For
example, se€RS Report R4673Agricultural Biotechnology: Overview, Regulation, and Selected Policy Isbyes
Genevieve K. CroftCRS Report R43329he Renewable Fuel Standard (RFS): An OvervigwKelsi Bracmort

CRS Report R40529iomass: Comparison of Definitions in Legislatidoy Kelsi BracmortandCRS Report R46427,
Development and Regulation of Medi€Gduntermeasures for COVHD9 (Vaccines, Diagnostics, and Treatments):
Frequently Asked Questiortsy Agata Bodie et al.

4 National Academies of Sciences, Engineering, and Medi@ageguarding the Bioecononiyhe National Academies
Press, Washington, DQ020, pp. 45, 4&ttps:/mww.nap.edaatalog?55256afeguardinghe-bioeconomy

5 German Bioeconomy Councitjoeconomy Policy (Part I11): Update Report of National Stragsqround the World
2018 p. 32.
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biological resources (agriculture, forestry, fisheries and aquaculture); and all economic and industrial sector
use biological resources and processes to produce féeel], biebase products, energy and services

Germany

The Federal Government of Germany defines tiieeconomy as'the production,exploitation and use of
biologcal resources, processes and systems to provide prodpcteesses and services acrost economic
sectors within the framework of a futureriented economy|{

Italy

The biceconomyencompassesVKH LQWHJUDWLRQ RI "WKH VXVWDLQDEOH SUR
and the conversion of these resources and waste streams\iatoeadded products such as food, feed, thiased
SURGXFWYV DQG ELRHQHUJ\ p

Japan

The bioeconomy isD concept that expands a sustainable and renewable circular economy and society by us
biotechnology and renewablelbR OR J L F D O° Bd¢ \BRsXalh &ility qud Creating a Circular Econqinglow
for further discussion.

South Africa

7KH 6RXWK $IULFDQ ELRHFRQRP\ GHIL Qd W ¢ Qisikhidudtidhy, bASBdn MidiogicalY
VRXUFHY PDWHULDOV DQG SURFHVVHV WR JHQHUDWH VXVWBLQ D

United Nations, Foodand Agriculture Organization (FAO)

FAO usesthe definition ofthe bioeconomyadopted at the 2018 Globa% LR HF R Q R P\ Bto¥deiooiy is the
production, utilization andonservation of biological resources, including relakedwledge, science, technology
and innovationto provide information, products, processes asetvices amss all economic sectors aiming
towarda VXVWDLQDEBH HFRQRP\ p

United States

A 2019 WhiteHouse "6 X PPR®/ $PHULFD -V %tafRHPFRIQREYWRHFRQRP\ UHSUHVH
innovation, products, technology, addta derived from biologicaliselated processes and science that drive
HFRQRPLF JURZWK LPSURYH SXEOLF KHDOWK DJULFXOWXUDO D

ThBioecononlyniotfed hSt at es

7KBDFEN RI DQ RIILFLDOO\ DFFHSWHG GHILQLWLRQ IRU WKH 8 6
GHFLVLRQREKRQDFWHULVWLFV RIFW RN BB HPISKIPFV/R.Q R P \

6 European Commissio, Sustainable Bioeconomy for Europ8rengthening th€onnectionrBetweerEconomy,
Society and théenvironment2018, p. 4.

7 International Advisory Council on Global Bioeconon@ipbal Bioeconomy®licy Report (IV): A Decade of
Bioeconomy Policy Development around the Waddvember 2020p. 102.

8 lbid., p. 116.
9 Ibid., p. 54.
101hid., p. 25.

11 Marta Gomez San Juan, Anne Bogdanski and Olivier Dufmisjards Sustainable Bioeconomy: Lessons Ledimne

from Case Studie$-ood and Agriculture Organization, United Nations, 201.9x.

12 Office of Science and Technology Policg X P PDU\ R1 WK H :KLWH +RXVH 6XPPLW RQ $PHULFDY
Washingon, DC, October 7, 2019, p. 3.
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ELRWHFKQRORJ\ W&B LQQRMBBHRERIF LQH DY EOHKSIOIAVDKY LRQGR | WK
ELRHFRQRP\ W RQ0 WILRQDENQGERNWBEMS URWHFWLQJ DIDLQVW ELRC
WKUHDW YV

, Q WHKH6(0 SURSRKHHGEGROORZLQJ GHILQLWLRQ IRU WKH 8 6 ELR

The U.S. bioeconomy is economic activity that is driven by research and innovation in the
life sciences and biotechnology, arftht is enabled by technological advances in
engineering andin computing and information sciertes.

$V HVWLPDKM6GOEWKH 8 6 ELFRFHRFQURPG DRU PRBUH WKW Rl
GRPHVWLF SURGXFW RU5 7TKH$E(DOURRSMIRHFRQRP\ DEWLYLWLH\
LQWEBMLPORP LM LFXOWXUDO ELRP HALF DG GEQ/ERERRWR G XV W |
FXWWLQJ FDWHJRU\ RI YWRIRIDN DNELYWD\Q FIHQEL R WHI F IKFHRO R J\ UHVHE
GHYHORSPH@WHJIXUH 7KH UHSRUW D®X RWWEEHMWRDLLYD HIEF OX G H G
I[URP RUHLE FOKKREO O\ RU LQNSURS RVGI G SEHI LOLWRR QURGXFWLRQ L
SK DU P D F B XHELEDD V

$V LQGLFDWHG @GN R$SWIL QRS LSIHAVEIQWE HM O RBKHR 16 W K H

ELRHF RI@®REKH ELRHFRQRP\ RIWHKRX QWRLSHD ZD QLRI KO LV

W U HDWPHIPD R\ V HF \I BB X OMX X K HDDIG/KKHIYMWBMQHUDO (8 FRXQWUL
DQG -DSDQ LQFOXGH WKHVH VHFWR UFLRHERDWREQW RLIQHW KHLU G
8Q L V6W G MGHVOR G BV V HOH FHWH G JHMHMM. F DO O\ PBB SM 136 FFARFH/GD Q (
IRU HQHUKIGALI THUHQFH 8 BlY OH E \BWRIMAH KQBR ONRI\GULYHU RI WKH
ELRHFRRRPH[DPSOH WNKMW DEE(IRMKHEKRRORHIGWHULD IRU LQFOXV
RI DJU L DFOMLY U V@ HWR R SWWR/ G H LIQFIOEGRE XVH RI JHQHWLF
HQJLQHHULQJ ZKHQ FUHHDWRQJ RWMHXMIYGIBIVLRY K8 Q8
H[SOLFLWO\ H[F CPHEH.\F K@D O K DOBSH R WXHKIL O8H BARHFER QR P\
6WDIVGI® -DSD Y XRIK ¥¥REKM RUV

1$6(0 LQGLFDWH V DAGKYDW WIXHHMHDDQUAH GLVDGYDQWDJHYV LQ DGRSW
GHILQRWIMFRSH Rl WKH ELRHFRQRP\ $FFRUGLQJ WR 1$6(0

If one adopta broad, highly inclusive definition, the bioeconomy is dominateddiyre
economic activities (e.g., manufacturing of wood furniture) (astyet) involve neither
applications of biologicakesearch or biotechnologyor the substitution of biological for
petrochemical resources. Adoptatyroader definition has the advantage of including the
totality of suctsectors as agriculture, forestry, wood manufacturing, and food processing.
These setors are already characterized and defined in national ine@ecgunts and
recorded regularly in government statisfitisis facilitates measurement, but measures of
the bioeconomy heavily weighted toward such mature sectors may indicate that the
bioeconomg is a shrinking share of economic activity, incomes, and wages over time.

13 International Advisory Council on Global Bioeconon@ipbal Bioeconomy Policy Report (IV): A Decade of
Bioeconomy Policy Development around the Wdddvember 2020p. 31.

14 National Academies of Sciences, Engineering, and Medi@aégguarding the Bioemomy The National
Academies Press, Washington, DC, 2020, pp668

5 bid., p. 73.

16 |pid., p. 6.

17 bid., pp. 5358.
18 1hid., p. 61.

19nternational Advisory Council on Global Bioeconon@lpbal Bioeconomy Policy Report (1V): A Decade of
Bioeconomy Pady Development around the Woyllovember 2020p. 153.
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In contrast, a narrower definition, based more on biological innovat@sbe better
equipped to track innovation and dynamism withnature sectors. For example, under a
narrowe definition of the bioeconomyorestry may not be included. Yet, as adoption of
future biotechnologgpplicationgprogresses, activities within the foressigctor would
increasingly be included in the bioeconomy. Likewise, innovatoosllular agriclture
could bring more activities within livestogkoduction or food processing under the
umbrella ofthe bioeconont).

20 National Academies of Sciences, Engineering, and Medi@aéguarding the Bioecononiyhe National
Academies Press, Washington, DC, 2020, p. 56.
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Figure 1.Definition and Primary Domains of U.S. Bioeconomy
Asproposed by the National Academies of Scierttgineering, and Medicine

U.S. BIOECONOMY
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 sciences

BIOMEDICAL
Criteria for inclusion include any medical
products, or services resulting from
research and development, or innovation,
in life sciences

AGRICULTURAL BICINDUSTRIAL
Criteria for inclusion include the use of Criteria for inclusion include
(1) genetic engineering when creating products or chemicals produced
a strain or seed; (2) advanced molecular using a biosynthetic route
biology technique for marker-assisted utilizing recombinant DNA
breeding programs; (3) large informat- I technology
ics databases and computational
techniques for either breeding Exan_'lples
applications or enhanced land use * Pharmaceutical products
capabilities; or (4) plant biomass in a : Lab-gruwn 9rgan0|ds
downstream bioprocessing and/or » Medical devices
fermentation process utilizing
recombinant DNA technology. This set
of criteria is also applied to agricultural
animals (with the exclusion of point 4).
Examples
« Bio-based chemicals
« Biofuels

+ Bio-based plastics

Examples
« Genetically modified crops/animals
(e.g., genetically engineered
salmon, heat-resistant cows)
» Precision agriculture

TOOLS, KITS, AND SERVICES
Criteria for inclusion include tools, kits, and services that support or enable the advancement of
biotechnology or life science research

Examples
« Life sciences or biotechnology-related software and databases
« Specialized equipment or instruments for use in the bioeconomy (e.g., pipetting
robots, mass spectrometers, DNA sequencing and synthesizers)
« Bioscience patent lawyers

Source: Adapted fromFigure 22, National Academies of Sciences, Engineering, and Medeifeguarding the
Bioeconomyrhe National Academies Press, Washington, DC, 20260p.
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Table 1.Industries Included in or Excluded fromthe U.S.Bioeconomy
Asproposed by the National Academies of Science, Engineering, and Medicine

Partially Industries with Emerging
Wholly' Included Included Activites That May Be Excluded Industries
Industries . .
Industries Included in the Future
Pharmaceuticals  Crop Production Livestock Production Beverages and Tobacco
Biotechnology Electricity Fisheries/Aquaculture Leather and Products
gese?rch ar:d Generation Forestry Wood Manufacturing
evelopmen
o 'T Processed Food  pining (bioleaching) Paper Products
D_e cal Chemicals Textiles Furniture Manufacturing
iagnostics lasti d
Plastics an Apparel
Rubber ) Health Care
Other Physical, ,
UXJJLVWV.: *RRGV

Engineering and
Life Sciences
Research and
Development

Agriculture Suppliesiholesale)
Construction

Water Treatment and Supply

Nature Tourism, Hunting, Fishinc

Source: Adapted from Table 21, National Academies of Sciences, Engineering, and Med8afeguarding the
Bioeconomyrhe National Academies Ps® Washington, DC, 202pp. 5455.

Notes: 7KH FDWHJRU\ ~,QGXVWULHVTHatLMAKBERHRUD X G BI G L\ LW KW 5)EKWW X UHu UHS UHVH
industries in which some, not alictivities are anticipated to be included

Feder al Ac tUi WBiitoye ciom otntye

7KH IROORZLQJ VHEFWLRQV SURYLGH D QDRYGH BHIM K2 DDOQ B FEADLFYNL WULF
DVVRFLDWHG ZLWK WKH ELRH FOR@EMH W IWWRWNFWKRQYVH[SOLF LW O!
W HIER R HF R Q R B\LIWHH Q GIHIB0 WARWEHDFAKIW HY R IEUDQFK DQG OHJLVOD
LQ WKLY LDMKFOXW QHFHVVDULO\ EHLQJ FRPSUHKHQVLYH

Executive Branch

o) MKHH Rl %XGJHW DQG 0D Q DJIHPHQ RI &P kH @RHE DWIGH7 H F K ¢
3ROLFE73AQFOXGHG ELRHBRR&MVBED $GPLQLVWUFDLWQRE DQG
WHFKQRORJ\ SULRULWLHV IRXGIRUNOXYDIDREEZRIPMRR UDQ G X P
VWDWHG WKDW |HGNXB 6 RMIMIBK MR VHVRXXIDEO LV K Wi K B WRXQ G D W L
IELRFRQRMYDQFHV LRELRYWEAKRSRAYHPHQWY LQ RXU DELOLW\ V
VIVWHPVY KDYH WKH SRWHQWLDO WR DGGUHVYV FULWLFDO QDWLF
HQYLUR®PHQW

Ne) W KPHD 2860P LQ LV W U D WILIRVQ L B B © D% H S HW R IBARHR H %/GXOH/S I G Q W
SX U SRAID\RILOVE® URDWHILF REMHFWLYHV WKDW ZLOO KHOS UHDOL
ELRHFR® KPR RU G L QBEIL R/FRFRERIDFH S EQWHFRQRP\ LV RQH EDVHG RQ

2L peter R. Orszag and John P. HoldréMemorandunfor the Heads of Executive Departments and Agencies,
Subject: Science and Technology Priorities forEN@012Budget “Executive Office of the President, Office of
Management and BudgeWashington, DCJuly 21, 2010https://obamawhitehouse.archives.gatdstefaultfiles/
micrositesbstpfy12-budgetguidancememo.pdf

22White HouseNational Bioeconomy BlueprintVashington, DC, Aril 2012, p. 2,
https://obamawhitehouse.archives.gitdstlefaultfiles/micrositesbstp/
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RI UHVHDUFK DQG LQQRYDWLWR EQ HDRAHHEHRPRBRPREB M FWLM QW H D
EHQRIZWHLRHFRQRP\LBRGOKSIIRGOMRKEHQJ VWUDWHILF REMHFWLYH

X 6XSSRUW IRU 5 "' MWGHRUHRWWE H QWKH MRKKHK) GOMWARID 8 FBU
ELRHFRQRP\

Xx )DFLOLWDWLQJ WKH WUDQY RWER® HIQQMGLRR PP HQ F OXGLI@IVDR R
LQFUHDVHG IRF@P®RDQQBUDKMOIDMWRU\ VFLHQFHV

Xx '"HYHORSLQJ DQG UHIRUPLQJ UHJXODWLRQV WR UHGXFH ED
SUHGLFWDELOLW\ Rl UHJXODWRU\ SURFHVVHV DQG UHGXFI
DQHSQ Y LUR Q DHOQWKD O K H

Xx 8SGDWLQJ WUDLQLQJ SURJUDPV DQG DOLJQLQJ DFDGHPLF L
DGGUHVV QDWLRQDO ZRUNIRUFH QHHGYV

X ,GHQWLI\LQJ DQG VXSSRUWLQSUAK B VEH BSHORSPHHOWK RS VS R DG
SUHFRPSHWLWLYH FROODERUDWLRQV

'KLOKHW  XSGDWH RI WKH 283 P B BIGFOLQ L Q @ R D RMKRQ JEMWUHIBN H J
WIQHHG IRU 5 ' LQYHVWPHQWY WR DGYDQFH WKHAVKIHRHFRQRP\ L
GHYHORSPHQW RWRIRRONGIFHEGWPRQWV B VR RGN BYWW B QAN WWR
ZKLMKH ELRHFRQRP\ZDOX HSSQ RMHQUWHRE DHGHUDO KRYHUQPHQW
QRW LVVXHG DQRNKHU \VIRYBVIFARY\WH E LRIHFRHR P\

$V QRWHG E\ WKH ,QWHUQDWLRQDO $GYLVRU\ &BXQREW RRQ*ORE
RI WK H BRMH F RKIRP ERBIQNHG E\ WKH PRUH DJULFEDW)GUDIOVDRG E L
SXW IRUWK E\ LQGLY LGXDQOS DRIG\KLKF (EOSEE BI@W PH\Q W R1 $JULFXOW X

86'$ DQG WKH 'HSDUWPHXW YRH DQOIRIQY KLVWRU\ RI VXSSRUWLQ
SROLFLHV LQ DUHDV DVVRFLDWHG ZLWK WKH ELRHFRQRP\

,Q WKEHRPBDVWRDBUB) LQWHUDHBKDUURE E\ '2( DQG 86'$

DOVRX®EQJ WKH 'HSDUW P H QW& WRH 7LLROUQ \OSRA YHDMQ R B WKH (QY I
3URWHFWLRQ $JHQF\ WKH 1DWLR QDJH 6 HF DNGBRD B XSFGDLW LR HD C
SHSRUW RQ WKWMRRRHFRIQRPVKH VLIQLILF VQW BRWHHQSEDO IRU
ELRHFRQRP\ WKURXJK WKH SURGXFWLRQ DQG ¥¥H RHERRIXHOV
RXWOYQWGRMI [SFOR G>LQJ@ WKH VXVWDLQDEOHSSERRXA®B IDRQ DQC

QXPEHU RI REMHFWLYHP UB LUF WYHY RGH @ WEKHBGHIS\RIRWY GLYLGHG
REMHAW WRH | R @ARZLD J

x 8VBPQ LQWHJUDWHG V\VWHPV DSSURDFK
X 3URYLGH WKH VFLHQFH DQG MHFRYIRMOIERRI® QHHGHG WR GULY

.national_bioeconomy_blpeint_april_2012.pdf
23 |bid., p. 7.
24 |bid., pp. 25.

25 International Advisory Council on Global Bioeconon@lpbal Bioeconomy Policy Report (1V): A Decade of
Bioeconomy Policy Development around the Waddvember 2020pp. 464 1.

26p L.106224 HVWDEOLVKHG WKH %LRPDVY 5HVHDUFK DQG 'HYHORSPHQW %RDUG 3W|
departments and agencies of the Federal Government for the pafgom®moting the use of bibased industrial

SURGXFWYV ~ 3HU 8 6 & T WKH FXUUHQW GXWLHV RI WKH %RDUG LQFOXGH FF
and biebased products between USDA and DOE and with other federal departments and agenaiese

information on the Biomass Research and Development Initiativ€R8dn Focus IF1028&verview of the 2018

Farm Bill Energy Title Programgy Kelsi BracmortandCRS Report R45943he Farm Bill Energy Title: An

Overview and Funding Histonpy Kelsi Bracmort
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x &UHDWH SXEOLF DQG SULYDWH EROWIBEROMHMIDRYHY WR RYHU
GHSOR\PHQW

'"HYHORS D ZRUNMVRHANWXUH ELRHFRQRP\
8QGHUVWDQG DQG LQIRUP SROLF\
7K LGHQWLILHG EDUULHUV LQFOXGHG

VXVWDLQDEO\ SUR G XXRLHHNMXDQ B WBEHFHOH/ LB GV WRFEN
GHYHORSLQJ DQG DSSCARPSHEREYBAM/NVYRIQ MRAVAWKQRORJLHYV

RSWLPL]JLQJ GLVWULEXWLRQ LQIUDVWUXFWXUH DFURVV WK
ELRPDVV DQG VXEVHTXHQW GHULYDWIQGIV DFURVY WKH HQ'

X HGXFDWLQJ WKH FRQVXPHU

$OWULR '2( UHOKSGE BW thIROROR WE® R H F RIIBSAR\UWP RZGKHBKG DQG
GHWDWOH G Y DL OMEREQ IO RRQ X\BRQV R EHEPBEDY UG WRKH BEIVWHG ¢
,Q DGGLWLRQ W K FHRIQHFIRIAOHDFERNWH&EDQJH LPSDFWV ORJLVWL
HQYLURQPH QW DMV WINKP V L Q WHSHUPDGXRQPLRBU RBDUYHVW DQC
FRQYHRNVERRPDR(W %LRHQHUJ\ 7THFKQRORJ\ 21ILMHKH%(72 DOVR S
BWUDWHJILF 30DQ IRU D 7KULYLQRDQG 8K WWDIDDWE@MLLFLSREIDR Q
WKROORNHQRSSRUWXQLW\ DUHDV

(QKDQFLQJ WKH YREXRHQURBRVLWLRQ
ORELOMWEK®MI D WLREDVYV UHVRXUFHV

EXOWUIYIDQGEXVH PDUNHWY DQG FXVWRPHUYV

([SDQGLQJ VWDNHKROGHU HQ¥DJHPHQW DQG FROODERUDWL

Q WKH %LRPDV\D\6 DORRZUBR WK 8 HIB I/Q YHE R OHDV HG
DQ LPSOHPIN@WFBZRERH FEWLR HVRQRVPE ULEHS RUGMUKBHRWH RI WKH
lUDPHZRUMR

serve as a guiding document for the BR&D Board member agerioi@screase
government aamuntabilty and efficiency, maximize interagency coordination on
bioeconomy research and other activities, and accelerate innovative and sustainable
technologies thatharne8 KH QDW LR Q TV EThR &iltivgegdde reyeRrehlaRrdH V
development (R&D) dscribed in this Framework can advance technologies to provide a
secure, reliable, affordable, and enduring supply of U.S. energy and products.

X X X X

There has been great progress to date, but many opportunities remain to unlock the ful
potential of the U.S. bioeconomy. This Framework lays out activities that will help
understand and mitigate technology uncertainty; leverage government, academi,

27 Biomass Research and Development BoBedieral Activities Report on the Bioeconarfgbruary 2016,
https://mww.energy.gogitesprodfiles/201602£30/farb_2_ 18 16.pdf

28 U.S. Department of Energ2016 BillionTon Report: Advancing Domestic Resources for a Thriving Bioeconomy,
Volume 1: Economic Availability of Feedstockak Ridge, TN, July 201&ttps:/mww.energy.gositesprodfiles/
201642£34/2016_billion_ton_report_12.2.16_0.pdind U.S. Department of Ener@Q16 Billion-Ton Report:
Advancing Domestic Resources for a Thriving Bioecondfalygme 2: Environmental Sustainabilityf&dts of Select
Scenarios from Volume Dak Ridge, TN, January 201ttps://imww.energy.goekerebioenergydownloads2016-
billion-ton-reportvolume2-environmentakustainabilityeffects

29 Bioenergy T echnologies OfficStrategic Plan for a Thriving and Sustainable Bioeconpth$. Department of
Energy, December 2016ttps://mmw.energy.gositesprodfiles/’201612F34/
beto_strategic_plan_december_2016_Q.pdf
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indusgtrial, and nongovernmental resources and capabilities; stimulate pphliate
partnerships and investment; and generate technicalinformation thatcan informdecision
makers and policymakers across complex value chains. No singular agency has the
expertse for all aspects of the bioeconomy supply chain; it is only by leveraging the
strengths of all BR&D Board agencies and external partners that technology challenges
can be addresséd.

$OULR WKH 7UXPS $GPLQLVWUDWLRQ KFRRLWHXVDID BOGHU YRKXSH V
LQ WKH ELRHRRQRPS POYWXQLWLHY DQG FKDOOHQJHV ,Q UHPDUN
.UDWVLRV &KLHI 7THFKQRORJ\ 2NMWHVUHKEI WKH 8QLWHG 6WDWHYV

As we lookto the future, this Administrationis focusingin on three ofoheissues that
will affect the future ofthe Bioeconomy: infrastructure, talent, and data.

First, infrastructure. We need to identify what the most critical infrastructure is in the
ELRHFRQRP\ ZKDW ZH GR ZHOO ZKDW ZH G&a&EfW GR ZHOO HQ
bottlenecks that impede ourinnovation or put our security at risk.

Second is talent. We must not only train future innovators, butalso determine how we can
most successfully support our great research institutions and talent producers sothatthey
have the resources and protectionthey need to thrive.

Andthird, we should explore how we can best protect our genetic and biological data whie
safeguarding the freedom necessary for a robust and growing bioeconomy. As the
bioeconomy develops, we neee@tesure it is rooted in American values and is always used
for the benefit of the American peogle.

)X UWKHREPRIMY BHGHTXHVW | RRQL @ KRBIFR\WRPQ LIQHRUBJ WR
QRWDEOH JDSV YXOQHUDELOLWLHVKH ®G D¥ HDNF W& RFPU RPRIWH A
EHQHILW IURP )HGHU D 03?7 RKYHHWXQFPH AP DLW WQWIWR®Q DOVR LGHC
ELRHFRQBNM\MWHD Rl IRFXV LRYHWE BO EWW K BRIG )<

5' EXGJHW SHPRUMWWEXHG E\G2ABPHE FR U G6 D7 WL R BAK H

7UXPS $GPLQLVWUDWLRQ GUDIWHG EXW QHYMKMWUNKWHG DQ H[H]
2673 DQGDWHKRQDO 6HF XRREW D BR DOQF ILOWHR) DVBI\DNN G RZR LKV W H H
FUHDDNVQOWLRQDO ELRHFRQRP\ VIVOUDGVGHLIW ZR @/ KALR) GLUIDAWLQJ W
RI +RPHODQ & IBW@RPAUGLVWY LI WKH ELRE AR REPR W HRX.OG FEBO
LQIUDVWUXEWXUH VHFWRU

30 Biomass Research and Development Bo#ing Bbeconomy Initiative: Implementation Fram ewptkS.
Department of Agriculture, Washington, DC, March 5, 2019, phtiips://biomadsoard.govéitestlefaultfiles/pdfs/
Bioeconomy_Initiative_Implementation_Framework_FINAL.pdf

31 Office of Science and Technology Policg X P PDU\ R1 WKH :KLWH +RXVH 6XPPLW RQ $PHULFDT
Washington, DC, October 7, 2019, phttps://trumpwhitehouse.archives.gaptcontentiploads201940/Summary
of-White-House Summiton-AmericasBioecoromy-October2019. pdf

2 21ILFH RlI 6FLHQFH DQG 7HFKQRORJ\ 3ROLF\ 35HT XRévevdl REyisten@l.RAJPDWLRQ RQ W
no.175p. 47561, September 10, 2019.

33 Russell T. Vought and Dr. Kelvin DroegemeiMlemorandum for the Heads of Exgive Departments and
Agencies,Subject: Fiscal Year 2021 Administration Research and Development Budget Priofihesutive Office

of the PresidentWashington, DCAugust, 30, 201%Rttps://trumpwhitehouse.archives.gaptcontentiiploads2019/
08/FY-21-RD-BudgetPriorities.pdf and Russell T. Vought and Dr. Kelvin Droegemef]emorandum for the Heads
of Executive Departments and Agencigabject:Fiscal Year (FY) 2022 Administration Research and Development
Budget Prioritieand CrossCutting Actions “Executive Office of the PresidentWashington, DCAugust, 14, 2020,
https:/trumpwhitehouse.archives.gap/contentiiploads202008M-20-29.pdf

3% 1LFKRODV JORUNR 3*$EDQGRQHG 7UXPS 2UGHU RQ WKH %BBRMERQRP\ +LJKOLJIKV
OL[HG 5HYSFAZNewsMay 17, 2021.
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, Q 86UH O HIW\HFB®R UW W KD W  LRQQG-FORX\ GDHWERK @A KDMVIE ) R IHHFQ F H
U L R WIKWJIRHAI K v &EMHFWLYHV IRU WIGHWEKHR HREOQRPLQQFOXGH

x 3URPRWLQJ WKH GHYHORSPHQW RI HQDEOLQJ WHFKQRORJL
HITLFLHQW DQG SURILVEDKFOIK SWURGKGMAMREDRP ELR
DIJULFXOWXUDO DQG ELRHFRQRPLF FURSVY LQFOXGLQJ HPH!
DOWHUQDWLYH FURSYV

X '"HYHORSLQJ D ELRHFRQRP\ UHVHDRLIECR QRW®ERBS WKDW VHW
JRDOV DQGQQAUROWBKW WRZDUGYV WKRVH JRDOV DQQXDOO\

Xx 'HYHORSLQUGN® PD®BE WRROV WR GHYLQQ DQG RSWLPL]H ELRL
SURFHVVLQJ VIVWHPV WKDW OHYHUDE®DWH®QRPLHV RI VFD(
SURGXFW FRPSHWLWLRQ DQG PDUNHW DFFHVV

X *HQHUDWLQJ JDWKHULQJ DQG VI\QWKHVL]LQJ UHOHYDQW G
WR TKXDIQWGLLQIRUP WKH YDOXDWLRWWRIZEHIORHBPRQRPLF HFRV
VREFLHWDO DQG HQYLURQPHQWDO FRVWV EHQHILWV DQG \

$OV@R L WKH 'HSDUWPHQW Rl +HDOWK DQG +XPDQ 6HUYLFHV ++6
$GYDQFHG 5HJHQHUDW L YAHX S/BHD, X\ HRVF W/ DR VA BN GNRWLWRA/QV )R X Q G U\
IRU $PHULFDQ %L¥FW HEKX @RORQ\S UR IDOIRUJIPIPIHNWURQJI 86$

, QV WZ MWXKV W K HWPR. \P\DINRHD SUD F WEB DB WIKGIXODEWHK ULQJ Rl HQJLQH
DQG WINUWWHFHIKQRORJIJLHY WR EHQHILW H[LV% BB RQGUUMWRH V
WKH SUHVV UHOHD3MH RS KH HRXIQEKIQ ZARDLFDO VROXWLRQV WKD)
SURWHFW DJDLQVW DQG UHVSRQG WR KHDOW K D/HGE OELEN W R/ KNKH-
86 ELRHFRQRP\

7ZKHHSDUWPHQW RI '"HIHQV HLIDZ DW & H3/ VK BIEIGIGIR YV W U LD O
ODQXIDFWXULQJ DQG 'HVLIQ (FRYXVVAESSGHAMRDISNXWH $FFRUGLQ
DSUHVV UHOHDVH %LROS$'(

will examine andhdvance industrwide standards, tools, and measurements; mature
foundational technologies; foster a resilient bioindustrial manufacturing ecosystemn
advance education and workforce development; and support the establishment and growth
of supply chain intemediaries that are essential for a robust U.S. bioeconomy. Other
important focus areas include challenges related to biosafety and security and ethical, legal,
and societal consideratio#fs.

$FFRUGLQJ WR WKH 1DWLR QD GDS ML B ) R XFROG\D WQRHY S DE)G LQ J
ELRHFRQRP\ DV D FRUQHUVWRQH RI LWV LQGXVWULDO EDVH 16

35U.S. Department of Agriculturé&)SDA Science Blueprint: A Roadmap for USDA Science from 2020 tq 2025

Washington, DC, February 6, 2020, p. Bétps://www.usda.gv/sitestlefaultfiles/documentsisdascience

blueprint.pdf

36 Advanced Regenerative Manufacturing Instituté 2 X U 0 L \WuithsRA\@wi.armiusa.orgboutus For more

information on Manufacturing USAstitutes, se€RS Report R46703/anufacturing USA: Advanced Manufacturing

Institutes and Networkby John F. Sargent Jr.

3% HSDUWPHQW RI +HDOWK DQG +XPDQ 6HUYLFHVFPO+%BRWEARAKQORORUVW SBNQGU
release, February 10, 202atps:/mww.hhs.godabouthews202002/10hhspioneersfirst-foundry-for-amerian

biotechnology.html

B 'HSDUWPHQW RI 'HIHQVH 3'2' $SSURYHYV OLOOLRQ IRU 1HZHVW %LRLQGXVWU
press release, October 20, 208t ps://mwww.defense.goMewsroomReleasefleleasehrticle/2388087dod approves
87-million-for-newestbioindustriatmanufacturingnnovatiorinsti/.
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VKDSLQJ WKDW YLVLRQ D¥F15R\V\D WHKVHVIWH G H UPLCD SHR@Q RQ Q XD OO\ |
ELRWHFKQRORJ\ DQG ELRHF R\KRPR XQIKWINK B\EEGHHING VYO F @& GQ O W K H
S5XHV RI1 /LIH %LJ , &/HDUSSRULMDW LR KQ GIWRLR QD O Wb XD BRI/ WD Q C
SUHGLFWDGRB QWWREDWHO\ GHVLIQ KRZ LK DY JDDWRN HEPNQIW QI W
ELRWHFKQRORW\I BMER @M VRU LMV R 6 )WLIQH HX W/ RPBIQ WYV LQ ELRWHF KC

WKH ELRHFRQRP\ DUH FRQFHQMUYDRW B® LLRQIRX U HWHBUEW \ [DQI WD
ZRUNIRUWH\HDDGWRO W VRIQUFK UHV XOW YV

$FFRUGLQJ WR WKH I1BPWDRGDO G g \D/QIGN XKMFHK RRIO RJROH, Q@ WWKKH I
ELRHFRQRP\ LWWKR SURVXEMPHQW VFLHQFH YDOLGDWHG GDWD
OHDGHUVKLS WR VXSSRUW WKH PDWXUDWLRQ RISQHZ ELRWHFKC
SUHVHQWDWLR® FEWW KHIDUHVMIEQ) &RPPLWWHH RQ SGYDQFHG 7HF

DGYLVRU\LRFGLGEPMWRYOOQRXSSRUW IRU ELRHFRQRPLG ' DQG RW.
)< 42

Congress

7KHROORZLQJ VHF WLR QY GERQFIWLHEH O R QIBODREDFRIGBANS Q F H
WKH BIHRHF R @RPRI WKH GDWH IR Il RMKQRZUBSRAKRXOG EH FRQVLGH
DQOG QRW FRPSUHKHQVLYH

Zo’@ogo’N_

, Q &RQIJWHMWKLUHG WKH 6HFUHW DU\ RWHERHJ L RXQOW XBLHR MVFRR Q RP U
GHYHORSPHQW DYWIFRAOW{RQRO RU HW HRWU IO/MDEMG Y HIWWRL R/AIHD W L R (
VXSSRUW WKH JURZWK DQG GHYHOGRSPHQW RI UHJLRQDO ELRHF|

, Q KMWFRQIHUHQFH UHSRUW WR WKH$RRRI ZRQVHUYDWLRQ D
WKH IDUBROO VWDWHG

The Managerencourage the Secretdof Agriculture]to continue to allow and support
efforts of regionatonsortiums of public institutions, including land grant universities and
State departments of agriculture, to jointly support theelmionomy through research,
extension and education activitiés.

Q 3/ WKH &RQV RRULECOWBD® EBQM THFIMUHG WKH 'LUHFWRU RI
DWLRQDO ,QBMHOIOWKBFHR @RI HVVLRQDO LQWHOOLJHQFH FRPPL
RQ

1
PRQLWRU DGYDQFHV LQ ORORBRIQHQFNY DO G XEILRVGHEKE SODQ W

39 National Science Fou® D W IABv@ncéd Biotechnology and Bioeconomy Research at NiSps://www.nsf.gov/

bio/bioeconomy.jsp

“OI1DWLRQDO 6FLHQFH )RXQGDWLRQ 3)DFW 6K HH Wttp$:PlnsE@@ewsf DGHUVKLS LQ %L
factsheet$factsheet_BioTech_v04.pdf

“41DWLRQDO ,QVWLWXWH RI 6%, BRMXDURGHHDIQE W K HEIRROIR IR QoRieDics/
biosciencetistsrole-bioeconomy

“21DWLRQDO ,QVWLWXWH RI 6WDQGDUGV DQG 7 HFK Q R®BRAWWMNDJIWQHHULQJ %LROF
systemfiles/document£02002/11/

10.%20NIST %20VCAT %20Feb%202020%20EngBio%20Febl1120%?20Updalfed.p

4342 U.S.C. §16254.

44U.S. Congress, House Committee on AgricultBir@od, Conservation, and Energy Act of 2088nference reportto
accompanyH.R. 2419 110" Cong., 29sess. May 13, 2008H.Rept. 110627, p. 923.
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An assessment of the current collection and analytical posture of the life sciences and
biotechnology portfolio as it relates to United States competitiveness and the glebal bio
economy, therisks and threats evolving with advances in genetic editing technologies, and
the implications of such advancesfoture biodefense requiremerits.

, Q RMHRXVHSRU®Y WR WE&RQJUHWKRH &RPPHUFH -XVWLFH 6FLHC
5HODWHG $IJHQF LH3F $S S URISUHPWHE QWKH )HGHUDO %XUHDX RI ,C
SURYLGH WKH DSSURSULDWLRQV FRPPLWWHH ZLWK D EULHILQJ
VDIHIXDBLE MFKRDQ R P\

,Q WKHRRQJUHVV VRPHPEHUV Rl &RQJUHVV LOWRUIRGXFHG D IH
OHJLVODWLRQ UHODWHG WWRKWIKFLEHRRPRORBHVHDUFK DQG 'HYF
RI DQG D UHBODWHWBKEHLO@ILQHHULQJ %LR ORR S FSHY W DB MK RDI Q C
ZRXOG KDYH UHTXLUHG 2673 WR ZRXOG HVWDEOLVK D IHGH L
LQLWLDWLYH GHYHORS D QDWLRQDO VW UDW HU\DIFRLZ RHUBHIRRJO D
LQWHUPBRRQBLQDWLRQ 7KH OHJLVODWLRQ ZRXOG DOVR KDYH U
JRXQGDWLRQ WR VSRQVRU D UHYLHZ E\ 1$6(0 Rl WKH HWKLFDO
LVVXHV UHODWHG WR HQJLQHHULQLREQRORJ\ 5' DPRQJ RWKHU

+ 5 WKH 6HFXULQJ $PHULFDQ /HDGHUVKLS LQ 6FLHQFH DQG 7
KD UHTXLUHG WKH 1DWLRQDO ,QVWLWXWH RI 6S\0DLQMGADHEWV DQG
RI &RPPHURBSRRW HQJLGHHE\LQRSELIRYARIN PHDV XU MKHQW VFLHQ
GHYHORSPHQW RI VWDQ G DLWG VG & UWL\RQV WHRWGE R YEHRRORLIQJ DQG H
SUHGLFWLYH PRGHOV DVVRFLDWHG ZLWK HQJLQHHUHG ELRORJL

,@DUFK UBMBEQWDWLYH /XBDV LQWRIRROGXK® 6 HFXULQJ
$PHULFDQ /HDGHUVKLBK@RORUNGFW RQG 7 5L G HEHWIFADLE MR
DERYHSUQO 6HQDWRU ODUNH\ LQ WNER®XEWHEW %LRHFRQRP\
SHVHOD®G 'HYHORSPHOW $EWGRIQWERFDO W&RQJIUHVYV
GHVFULEHR® DEQYH WKH 6HQ DBV HWSHE \6 WEWR® D@ER Y D
&RPSHWLWLRQ6$FW RIMN&RQJUBNNFK LQFOXGHG WKH %LRHFRQRP\
'HYHORSPHQW $BWFRMLRQ DV

ZS>'—ece

7KH ELRHFRQRP\ KDV EW HDQVWXQL | RFGAVRBOWAMNVRLRQRO KHDULQJ
H[DPS®@H L WKH 6HQDWH &RPPLWWHH RQ $JULFXOWXUH 1XWUL\
H[DPLQLQJ SR QMU ODWRKMEIR VIERDG QK U D O FBH WHKGIR SPHA QKR ELOO
KHDULQJ LQF OXG HIZ WHSVUWHIVAHROQV DWR P H RIFW & R PLR&R\GE & QM KB C
VWDWH FROOWERKDW LYHQHRI IRRIQJHU DFWLYH IRFXVHG RQ SRC
WKH IDUP ELOO WR VXSSRUW WRIB RBHYH O REFH ORK RH \& R A PELIVRW F
RQ $JULFXRWKRMPLWWHH RQ &RPPRGLW\ ([BHYG XNWHE WKH DQC
ELRHFRQRP\ DV SDUW RI D VHULHV Rl KHDBUQWW MVKH FIRPP LW W F

45p.L.11531

46 U.S. Congress, House Commitim®e AppropriationsCommerce, Justice, Science, and Related Agencies
Appropriations Bill, 2019report to accompariy.R. 5952 115" Cong., 29sess., May 24, 2018{.Rept. 115704
(Washington: GPO, 2018), p. 40.

47U.S. Congress, Senate Committee on Agriculture, Nutrition, and ForEstmy, Bill Proposals Relating to Farm and
Rural Energy Issues andulRal Developmentl 10" Cong., F'sess., May 9, 2007, S. Hrg. 1166 (Washington: GPO,
2007).
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E 4O @) WKH +RXVH &RPPLWWHH RQ 6FLHQFH 68SBFHHZDQG 7HF
WKH RSSRUWXQLWLHWRFQBWH® ZOWRJIGNZ DQG HPHUJLQJ ELROR
WKHLU DS DOILREBMLIR QHIQH U JD F IVQX® LP@IQ MIIRHHYDWCLVW@ KV R1 8 6

OHD G HY WKL QHH U IDQIGRLBRIORKILYH WHVWLPRQ\JR G HWKHD UFK. Q HH L
DQG 'HYHORSPO QW GEWLRQ WKH 6HQDWH &RPPLWWHH RQ $UPHG
K HD WR®LUR ORYWKRBIBRWWKH 8QLWHG 6WDWHYV WHKHD WRMHF BX QWK WHV
ELRHFRQRP\ LQ QBDWLRQDW KM BXQDWH &RPPLWWHH RQ &RPPHUF
7UDQVSRUWDWLRQVKIFGG L) K 18 DALIAHNDREH B VRHE RQR P\

Policy Considerations

7KH IROORZLQJ VHNWKRERQ G HYWHUDMMERQJ DGYDQFHPHQW RI WKF
ELRHFRQR@IUHVV PD\ SXUVXH DOO VRPH RU QRQH RI WKH DUH

Devel opmedntl mpl e meiNtad tiioonm1l St rategy

*LYMEH SRWHQWQIOVRFROWPOFRISSRUW X Q LWEHRHERRRIFGHG E\ [
1$6(0 DQG RW KHIFWR KPNOIGHG WKDW WKH IHGHUDO JRYHUQPHQW
D QDWLRQDO ELRHF® QRRE\LWW R © R/BIS G HWIRVW RH W K I6ECRHFRQR P\
UHFRPPH® WKDW WKH | H/ROULBOWRQISYQPH@RW LQGXVWU\ DFDGH
UHJDUGLQJ WKH JRDWOXF KL BRIRMFDWHEOONE |IRU WKH HVWDEO
RI D FRRUGLQDWLRQ ERG\ ZLWKLQ WKH (MHMHNG MM HI® RFMHRI W K
DQG LPSOHPWQWDMLERID A IELRHFRO R PDBSO#HBWSHIRSRYVDO UHOHD
E\ WKH 'D\ 2QH 3URMHFW DQ LQLWLDWLYH RI WKH J)HGHUDWLRQ
FUHDWLRQ RI D 1D WRRIDGLBHDIRMR B RRLQW PDQGDWH RI WKH 11
BHFXULW\ &RXQFLO 16& DQG WKH :KLWH +RXVH 2IILFH RI 6FLHC
WR ZRUN ZLWK IHGHUDO DJHQF LWVDRY RE URIHFRP® RI\GSHEL R D EK LI\
DJHQF\ ZLWK DLRRPRQIRP WKHSRLQW D VHQLRU OHDGHU WR DVVX
ELRHFRQR®DWHG DF W L5Y $W IGHHWD Q G HKBI ILIRU W K H ELRHFRQRP\ E

IHGHUDO GHSDUWPHQWYV DQB& 'DDBIGHFY.HRWHGRARD®QELRORJILFD
SURPGWKH 8 6 EL\RNWHRIQRR) MELMUTHIG'HSDUWPHQWY DQG $JHQFLH
%LRORJLFDO 5HVHDUFK

48 U.S. Congress, House Committee on Agricultlitee Next Farm BiJl115" Cong., F'sess., March, 9, 2017, Serial
no. 1153, Part 1 (Washington: GPO, 2018).

49U.S. Congress, House Committee on Science, Space, and Technology, Subcommittee on Research and Technology,
Engineering Our Way to a Sustainable Bioeconpty8"Cong., Fisess., March 12, Serial no. 16§ Washington:
GPO, 2019).

50U.s. Congress, Sena@ommittee on Armed Services, Subcommittee on Emerging Threats and Capalbilities,
Biological Threats to United States National Secytity6" Cong., F'sess., November 20, 2019, S. Hrg. 1259
(Washington: GPO, 2020).

51U.S. Congress, Senate CommitteeQinmmerce, Science, and Transportation, Subcommittee on Science, Oceans,
Fisheries, and Weath&gcuring U.S. Leadership in the Bioeconoye" Cong., 29sess., March 3, 2020.

52 National Academies of Sciences, Engineering, and Medi@aéeguarding th BioeconomyT he National

Academies Presgyashington, DC, 2020, pp. 34351

53 plexander TitusA National Bioeconomy Manufacturing and Innovation Initiatiday One Project, December

2020, p. 4https://9381c3849c59-41d7-bbdf-62bbf54449a6.filesusr.conmd/
14d834_f2dddh9288684d0591389d437284bfa8.pdf
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Federal Departments and Agencies that
Support Biological Research
Department of Agriculture
X  Agricultural Research Service
x  National Instituteof Food and Agriculture
x Forest Service
Department of Commerce
X  National Oceanic and Atmospheric Administration
x  National Institute of Standards and Technology
Department of Defense
x Defense Advanced Research Projects Agency
x Defense Science and Technology Pangy
x  Office of Naval Research
x U.S. Army Medical Research and Materiel Command
Department of Energy
x  Office of Science
x  Office of Energy Efficiency and Renewable Energy
x Advanced Research Projects AgeriEyergy
Department of Homeland Security
X  Science and Techifagy Directorate
Department of the Interior
x  Fish and Wildlife Service
x U.S. Geological Survey
Environmental Protection Agency
Department of Health and Human Services
x  Centers for Disease Control and Prevention
x  Food and Drug Administration
X  National Institutesof Health
X  Assistant Secretary for Preparedness and Response
National Aeronautics and Space Administration
National Science Foundation
Veteran Affairs Department
United States Agency for International Development
Smithsonian Institution

Source:White House, National Bioeconomy Blugprint
Washington, DC, April 2012, p. 18.

FRQVHBWQAIQDKK LOKFR® U G IERIGN MRV NHG ZLWK GHYHORSLQJ

OHFKDQLVPV WR LPSURYH WKH FR
DQG JRYHUQDQFH RI ELRHFRQRP\
DQG DFWLYLWLHMBFURVYV VHFWR
SURPLQHQWIOW KHHDEVURWHF® Q R P \
VW U DW H J LIIVWR, IR RIWA KQHHUW D O
RWKHU QDWLRODRYWDY RHGW.RQ® HU
FREBUQDWRREEIWK GHYDH@ERSLQJ

LP S OH P FAGHRQ I U \

ELRHFRQRP\ VWUDWHJ\ DQG HQV)
FRKHUHQFH L H UHVROYLQJ FR¢
EHWZHHQ@GRRBOWYH DOVR

HV W D E OLVKEHGGDBRYRS RV HG

RI RXWVLGHKBMNHGNXLW K

HY DO XBDL\RHFRSARPAUDPV DQG
SROLF LSHWRY QBLFRPPHQGDWLRQV
IRU LPSURYHPHQW

Q 2673 UHOHDVHG D FRPSUH
YLVLRQ IRU WKH SEGDMILRHFRQRP)\
LPSOHPHQWDWLRQ S@GDQ ZDV QR\
DQG SURRIZHMAME JRDOV DQG
REMHFWLYHWRNWQVQRG LQ

U HPYXQF GBHQ B H 86'$ DQG

'2( LQFOXGLQJ WKURXJK WKH %L
5' %RDUOBYH ®EBUDO HIIRUWV RQ
GHYHORSPMIQMVS 6 EISRHFRQRP\
GHVFULEHG E\ WK$GYQWRUQDWLR:
&RXQFLO RQ *OREDMF KLRHFRQRP)
DIJHQFLHYPRDWHDDULF XOWXUDO D¢
ELRUHVRBVFE W\LK/D ®QHK H
SURSRYHG L PHGHIERQH
KHDO@W®& ELROHHHQRW
HPSKDVIQHG IKHQFLHY RI W
%LRPDVV 5 'RKROWE G E\ 86'$

DQG '2(WVXHG DQ LPSOHPHQWDWL
IUDPHZRUN IRU WKH GHYHORSPH(
ELRIXHOV ELRSRZHU DQG ELRSU
UHQHZDEOREWRPQBUADV W H

6 KRXR® JEHVMIWHUHVWHG LQ IXU
VXSSRUWLQJ WKH BWMO\ELRHFRQRI
LPS

HYDOXDWLQJ D FRPSUHKHQVLYH 8 6 ELRHFRQRPPRWKHDWHJI\ , W
GHFHQW UDOL]H GH IQIRPHZEBUINR W SABRIFUD PR/ D QUH D B W HYGL W RHW K H
ELRHFR)RRPH[D AN VRCOSORKMUR UHWRXUREWKH %LRPDVV 5 ' %RDUG
LQ DG G MMWLIRHQ WERIRHHE RIIR P\ R E MRIFEMGLLYFH\D HIDQEGICR & H DHOQWKH

DQG QDWLRQDO VHFXULW\ VBRWRBRY K R/UH SRUIWIHMMY B XVOHG) LLHON R
FRQVWBHUGHYHORSPHQW RI D FRPSUHKHQVLYH ELRHFRQRP\ VW
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VSHFLILF LPSOHPHQWDWILRQWSQD Q\Q \R H ULR VG BHRERBV V I
%RDUG FRXOGRHBERERDRWHVV FRXQMZ HQWBEOUWKBWIURXSV
IRFRY FHUWDRQ DWSMPRKW ELRI3FARQERE OMKNY DYSVRMDAQPHQW R
ELRHFRQRP\ SROLF IDHFW ROV § SGRBIELRADY U RRAQLRIGHM DIOH O\
EHFHVVDU\ IRB BDOGWEGBOWEHSI X W X U HQ K XRR QI GR P\
HQJDJHPHQW LQFOXGLQJ WKH SURYRMLRQ RKNVXOHEIHQW UHVR

,Q WHVWLPRBHESH@DWH &RPPLWWH® R QU UFDMR BEM YLFHV
([HFXWLYH 9LFH HIH\RLGBRQ/W @HDOG G IRUPHU 8Q GRIBF BHEBHWD U\
DQG 7HFKQRORJ\ DW WKH 'HSDUWPHQW RIRRRP HODQG 6HF XULW\
ELRWHFXQR@RUDOO\ FRQVLGHUHG B GQ MYKUMHIFRAR 8 H VEIL\R HY RQR
RI WKH 8WDWLQJ

Biology will prove equally transformative Americans just do not see it yet. This is a
problem because biotechnology is both a humanitarian and geopolitical necessity
Biotechnology will dramatically and literally sénape our lives and ourworld. It will also
become a significant source of national poweconomic, and in all ikelihood militar

as it creates entirely new possibilities, materials, and products. The question is whether our
government can best positidretUnited States to capitalize on this prorrise.

1$6(0 DQG KWKHUWDWOVR UHFRPPHQGHG WKDW WKH IHGHUDO JRYH
PHDVXUH W K H5EBHRMHHYROCRP \B H Q/RUL B © GUNMAH O DIV WR XQGHU VWD Q ¢
YDOXH RI WKRQRB\ ELRBBEGLWLRQ WR WUDFNLQJ SURJUHVV DQG
SROLBPHMAULFV FRXOG DOVR EH XVHIXO LQ FRPSDULQJ WKH 8 6 E
BWDQIGDQE F X WHI RKD 6 KDHOOHQJLQJ JL® AR QG LOIBWY HREMI R Q

EXW WKRROBLIDWOYH BVXO EHQFKPDUNV

Invest ment in R What Is Synthetic Biology?
Synthetic biology is a component of biotechnology.
oD Q|\-| [ SHUMOQQRUG B8 HUDO Specifically,ysithetic biology is a field of science that
LOYHVWPHQWR IP@ IBQBN DLQ involves redesigning organisms for useful purposes K
OHDGHUVKLS LQ VOKHHBIRH engineering thento have new abilitiesSynthetic

! biology focuses omhe design and construction of core
H[SHUWV KLJKOLJKW WKH components (parts of enzymes, genetic circuits,
DQG LQIRUPDWLRQ VFLHQ R metabolic pathways, etc.) that can be modeled,
E LR W H F K QIRQU-RIJN/DXN5 S GRIJQN understood, andinetuned to meet specific
DOV B KPPV L] R QWKHU FVQXFH R performance criteria, in addén to being assembled
GLVFLSQLRGN H [VDIPS\D_I'Q_IQH ( into larger integrated systems to solve specific

problems.
%LRORJ\ 5SHVHDUFRBRQVR
Q m RILWSSXEDWH SDUW Q Sources: National Human Genome Research Institut]

UHOHDVHG D VHULHV RI Ul -g\owk HW L Ritps/R@vRehbme govdbout
KLIXULRULW\ UHMHBQ FIKQBIl genomicgiolicy-issuesynthetieBiology and
VIQWRHWROHER|[ WLWDWAV| (QJILQHHULQJ %LRORJ\ 5HVHDUF

6\QWKHWLF $AERPRGL'QJ WH 6\QWKHWLF (QJLQ hitps/leQrdomihRtO
WKH DLP RI WKR HX LISWWE HY 'ssynbio/
FRRUGLOQDWHG HIIRUWY WRUOURXKIRRAVW WKH & ©

54U.S. Congress, Senate Committee on Armed Services, Subcommittee on Emergiats ihdeCapabilities,
Biological Threats to United States National Secutity6"Cong., F'sess., November 20, 2019, S. Hrg. 1259
(Washington: GPO, 2020), p. 20.

55 National Academies of Sciences, Engineering, and Medi@aéeguarding the Bioecononyhe National
Academies Pres8yashington, DC, 2020, pp. 34346.
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JRYHUQPHQW WR IXQG DQG H[SDQG HQJLQHHULQJ ELRORJ\ UHVF
LORUP WKH UHVHDUFK DQG VFLHQWLILF VXSSRUW FRPPXQLW\ DE
HQJLQHHULQJ BLRORJ\ ILHOG

$FFRUGLQJ WR WKH $PHULFDQ $VVRFLDWLRQ RI 8QLYHUVLWLHYV

Equally important to ensuring substantive federal investments to support.ghe U
bioeconomy is maintaining a mechanism that provides predictable, consistent, and
sustained funding. The Congressional appropriations process continues to labor to pass the
required annual appropriations measures by the end of each fiscdl year.

%H\RIQBYHVWPHQWY LQ EDVILMDEBWSSEPHEG& BHYWDEB® WR DG YL
ELRHFRQRP\ VRPH DUH FDOPLRH A RQROEESVIRY PN QMIX Y X U H
LQFOXGREDQXIDFWXULQJ SIMMPLRRERRY BQ Q JISWERRHI SR UW E\
WSSRUW IRU WUDQVODWLRQDO 5 ' VHHPV WR EH SDUWLFXODU O)
FRPPHUFLR&HDOWEQWHG PGQRYWWRADRUYO\ JLYHQ WKH JURZLQ.
SELJ) GWWD/FLHQWLILF GLVFRWHWUKDY HQ X HERB FRHQHIBBUWPSURYHPt
PDQDJHPBQ® RAEHRORVRFPO® G[DWBOH WKH ,QIRUPDWLRQ 7HFKQ(
,QQR Y PRWLR®D\W ER® P\M R J FWIDWIHDWLRQDO +HDOWK 5HVHDUFK
([FKDQJH WR LPSURYH K\DKH. G R RO ISPWILRIQ W PH ELFD® GDWD IRU
$SURSRVDO E\ WKH 'D\ 2QH 3URMHF W W ER® P 6 Q6 R O\RIH FFDUGH DDW
&ROOKMRWRLBHRYLGH D UHVRX DR | RREILERE FEKK V PQIDDV HV DSSO\LC
WRROV RILQUWDIQELBW@FH FDQ GUDZ >RQ@ WR GHYHORS QHZ SU|
IRU WKH ELRHRRQRPS $GPLQLVWUDWLRQ DOVR KLIKOLJKWHG WK
GDWD LGERQXEG®U DWHRRQURWGE D\WEXHW® L ALDVCP X W HRWQX BV K H
ELRHFRQRP\

$V LQGLUFRDWHG UHSRUW BWWKIISUBIKVLRQ RI ELRWHFKQRORJ\ Sl
QH[W \HDUV KDV WKH SRWHQWLDO WR RYHUZKHOP WKH 8 6 UHJ
H[DFHUEDWHG E\ D GLVF R Q QMNPWVWERIW]2\HHM Q HIY HDIUGF K [ISG ;W H G
ELRWHFKQRORTR DERG-PW WI6(Y BRERAPBBQGHG

The National Science Foundation, the U.S. Department of Defense, the U.S. Department
of Energy, the National Institute of Standards and Teclgypénd other agencies that fund
biotechnology research with the potential to lead to new biotechnology products shoud

5% (QJLQHHULQJ %LRORJ\ 5HVHDUFK &R Q V Rttpe/eiX®ordosibareaithBriagpR@ GPDSSLQJ -

57 Mary Sue Coleran, President, Association of American Universit@smments Submitted in Response to White
House Office of Science and Technology Request for Information on the Bioeg@xciober 22, 2019, p. 2,
https://immw.aau.edsitestlefaultfiles/AAU -FilesKey-Issuedhnovation Competitivenes{AU -responseDST P-RFI-
Bioeconomy.pdf

58 Martin Borowiecki and James Philpolicy Initiatives for Health and the Bioeconon@rganisation for Economic
Cooperation and Development, OECD Science, Technology, and Industry Policy Papers, No. 83, Paris, October 2019,
https://mmw.oecdlibrary.orgkcienceandtechnologypolicy-initiativesfor-healthandthe-bioeconomy_9d98177én.

59 |bid. According to the National Center for Advancing Translation Sciemaastation ishe process of turning
observationsin the laboratory, clinic and community into interventions thatimprove the health of individuals and the
public2 from diagnostics and therapeutics to medical procedures and behavioral changes.

60 InformationTechnology and Innovation FoundatiadBomments by the Information Technology and Innovation
Foundation October 15, 2019, p. Rftp://mwww2.itif.org2019-commentsostpbioeconomy. pdf

61 Alexander TitusA National Bioeconomy Manufacturing and Innovation Initiatiday One Project, December
2020, p. 8.
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increase theirinvestments in regulatory science and link research and education activites
to regulatoryscience activitie®

&RQJWPHNNQUGKDW D PRUH KROLVWLF YLHZ RI LWV LQYHVWPHQWYV
UHVHDUFK LQIUDVWUXFWXUMRWAG BBRANHL\D Y HFHDMAMD U\ IHGH UL
GHSDUWPHQWYV VXSSRUW ELRORJLFDO UHVHDUFK DQG GHYHORS
PXOWLSOH FRQPBHWWHROQD Z KRR UG\ QPIMNIRQ RYHUVLIKW DQG
ELRHFRQRR\ BAG LIFQ ¥HR/WHR BIQOVHQ J L Q J

Promotion of Regional Efforts

,Q RUGHWWRGK DY HVV WR E LR GRRIRDG WHBVORIMPHCHYD W LR Q R
PDQ\ DVSWKWVERRHFRQRP\ ZLOO RFB®G D@Y W & ¥HU H X UMD PR\PPIXC
3ROLFLHV WW KIH) BRIX b (ERHR P @FORRVDANHEU U H LIFF@WK GLQJ UHVRXUFFH
IRU SODQGLWXKH FUHDWLRQ RI QHW Z RBNW ABHKEIMU MOHFLOLWDWH F |
VWDNHKRQBONWPYJGLR RWHF W R UV DXQGQ ¥ BVBEVR P PR Q

ORUH WKDQ IHGHUDO SURJUDPV VXSSRUWHHE BQ@BEBWHFRSHY HOR
RI VXFK SURJUDPV YDU\ KRZHYHU D IHZ SURXUBMROD WD\ ER RIKSII
ELRHF RIR@MLRDDO GHYHIR B PDMRISID 1% X L O € UWR R URFEDRCHHU O\
5HJLRQDO ,QQRYDWLRQ 6WUDWHJILHV M (MRQRPWK HH HIS$ O R S\FRHIOA
$GPLQLVWWSDIVARQGY JUDQWYV WR GHYRMQ@RG DXRERY BN ROW. QLW LI
WIBPDOO %S R DOIMMBEINNKIRSR UW YV U H J L RH) DROWGHNRKA R SLRAH\Q W
5HJLRQDO ,QQRYDWLRXRQOXMWWH D'$ SWRSIWLDPV H G PLOOLRQ WR
SURJUDP DQG PLOOLRQ WR WKH 5HJLRQD O %RYRY BWRB QD&YX V
KDPEZDUGHG UWDQRQDWRIIIRUWY LQ DUHDV WKDSN ZWXOG IDOO X
UHODWHY WR UXUD® GKXYUHORBRWODWH VA6 "HYHORIBERWWWUDQWYV ¢
WHFKQRIMRHE HFRQRPLF GHYHORGPH\W WQ GHPXYEQBIMV\ SODQV OF
HQWUHSUHQHXU WUDLQLQJ DQG UXUDO BXRIQUHMNHW VYQFXEDWRU?
DSSURSULDWHG PLOOLRQ WR WKH 5XUDO %XVEQHVV 'HYHORS

W LV XQFOHDU LI H[HVI\R UQWVSWR MMXBS\RDWAJHILR EDY HGQRYDWL
HFRQRPLF GHYHORSPHQW LQFOXGLQJ LQ UXUDO DUHDV DUH V)

&RQJIJUH\HDPDAAL]H VFRSH HIIHFWLRH LNV @D QIEPAM Q H U J\

62 National Academies of Sciences, Engineering, and Medi€ineparing for Future Products of Biotechnolggyhe
National Academies Pss, Washington, DC, 2017, pp.-13, https:/mww.nap.edaatalog24605preparingfor-future
productsof-biotechnology

63 For more information se€RS ReporR46683 Federal Resources for State and Local Economic Developroent
Julie M. Lawhorn

64 sExplanatory Statement Submitted by Mrs. Lowey, Chairmoman of the House Committee on Appropriations

RegardingH.R. 133 Consolidated Appropriations Act, 2021 (DivisiBrt Commerce, Justice, Science, and Related
Agencies$SSURSULDW LR Qah@és¥ibnal Recofdol. 166, p. H D QExpfanatory Statement

Submitted by Mrs. Lowey, Chairmoman of the House Committee on Appropriations Reddrigin$33 Consolidated

Appropriations Act, 2021 (Division E FinancialSetY LFHVY DQG *HQHUDO *RYHUQPHQW $SSURSULDWLF
Congressional Record/ol. 166, p. H8444.

85 For more information, se8RS Report R4623Rural Development Provisions in the 2018 Farm Bill (FLL5-

334), by Alyssa R. Casey

66 sExplanatory Statement Submitted by Mrs. Lowey, Chairwoman of the House Committee on Appropriations

RegardingH.R. 133 Consolidated Appropriatiorsct, 2021 (DivisionA 2 Agriculture, Rural Development, Food and
Drug Administration, and Related Agenci€&sS SUR S U LD W L R Qahdsdssibnal Recofdol. 166, p. F1989.
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DCGGLWKRREVCAWHDRNLQJ QHZ SURJUDPV RU PRGJURARWHI[LVWLQJ
UHJLRQDO ELRHFRQRP\ HITRUWYV

Creating a MBaked HFowod®Bd s

$SFFRUGD@DRW® VLV E\ WKH 2(&'HERREGEBREHRP\SULPDULO\ RQ VXSS

VLEBH WHRKXRPH®EDN XWHV VXSS RDYCIBHPRQVWUIDWHRQ&HIITRUWYV
LQGLFDWY W\K WOWEWMRY HG HFRQRP\ ZLOO OLNHO\ UHTXIL®WH D EDODC

>RRDUSK®B®BOVXQHRWGHU WR KHOS HQVXUH D PUHBHWH RU LQQR)
67

,Q SDUWLFXODU WKH\ HPSKDVL]H WKH LPSRUWDQFH RI SXEOLF
IRU EDRHG SURIGKEBVF B JQLBHHNV %LR3UHIHUUHG 3URJUDP DV W
D@WQFHG HIITRUW LKPHWR RV HJIBRBHEEPL3V LD OO\ HVWDEOLVKHG LQ W
ELDQBHDXWKRUL]JHGED @ BQDIBH@EH® U P2 BIHIXLUHYV IHGHUDO DJHQ
DQG FRQWBBLDHWRUM KDV LQ E ISRDH HG HWREBXFALR BB D00

UHTXLUHG WR LGHQWLI\ HOLWIREQSWE H RPG. QOE W RRDEEHD R Q WH\Q /Q G
UHTXLUHG IRU EB)OWWHRIBMERLHRSM R G X FW F D VSIS R R LLHP\D WO G \
ELRDVHG SURGXFWV X QDEGHGL W KRIQS BWEEIMPRKFD V,0QJ UHTXLUHPHQW YV
%LR3UHIHUUHG 3URJUDP DOVR LQFOXGHV BDXYRGRB@WVIBODODEHOL
D386'$ &HUWLILHG %LREDR & @ JURGXFFW ODHEDHVB? PHIHSAL W B6VSKRHU LW |
UHODXWLFYHHVV RI WKH SURJUDP WKH 1$6(0 LGHQWLILHG VRPH DU}
VWDWHG

Although the FarmBill mandates thatfederalagencies and contractors purchase biobased
products when doing so does not impose cost or performance penalties, no rpgiilar re

is available through which to understand the progress or scale of biobased procurement.
Updating the reporting mechanisms involved in the federal procurement of biobased
products, setting procurement targets, and increasing funding for the prograabi®
increased awareness and standardized repdriiugh as a realtime publiacing
dashboard to report federal progress in biobased procurémenitd go a long way

toward stimulating the bioeconomy and supporting jobs in rural areas where many source
materials are concentratéd.

67 Organization for Economic Cooperation and Developmemyvation Ecosystemis the BioeconomyDECD
Science and Technology Policy Papers, No. 76, OEQilighing, Paris, September 2019.

68 For more information se€RS Report R45943he Farm Bill Energy Title: An Overview and FundiHlistory, by
Kelsi Bracmort

98 6 'HSDUWPHQW RI $JULFXOW X Wtths:AvmirbidpreferrealgREBoR tefiert etidddspages/
AboutBioPretrred.xhtml

0 National Academies of Sciences, Engineering, and Medi@aéeguarding the BioecononTyhe National
Academies Presgyashington, DC, 2020, p. 351
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Table 2. OECD ldentified Policy Measures for Creating a Bioeconomy
Innovation Ecosystem

Supply -Side/Technology Push Demand -Side/Market Pull Crosscutting

Local access to feedstocks Targets and quotas Standards and norms

International access to feedstocks Mandatesand bans Certification

R&D subsidy Public procurement Skills and education

Pilot and demonstrator support Labels and raising awareness Regional clusters

Flagship financial support Direct financial support for bio Public acceptance
based products

Tax incentives for industrial R&D  Tax incentives for bicbased Metrics, definitions, and
products terminology

Improved investment conditions Incentives related to greenhouse
gas emissions

Technology clusters Taxes on fossil carbon

Governance and regulation Removing fossil fuel subsidies

Source: Adapted fromOrganization for Economic Cooperation and Developmelrinovation Ecosystems in the
BioeconomyDECD Science and Technology Policy Papers, No. 76, OECD Publishing, Paris, September 2019, p.
53.

Note: lItalicizedpolicy measuresare thosemore frequentlycited in the case studiesxamined by the OECD.

Devel oping a Bioeconomy Workforce

7KHUH L¥ REQ\RD@EV XV WKDW DFFHVV WP O WRLDOHUGQFRQNIWKHAH L
ELRHFRQRPMQ WKH UROH WKDW WKHGLRB WHUWHQFHY RH GLMFHISOL !
FRPSXWHUW WFV S@PNNG LQ WEK IR CRIRLFUIDHOWY/ QRSN @B WLKRDQV

ELRHF RH)GVPR D W LIRL@® DQIGWKR XOG EH PXOWRGHYAHIS\ORQ IR LQ QD)
WKH 2(8&KH ORQDGLQJ FRQXQGUXP RI PXOWLGLVFLSOLQDU\ HG X
EUHDGWK DQG GHSWK WR JUDRONLMVRHHY B RS DM LRIQ\DIO S U REFOFHRPU G |
WKH 2(&' WKH ELRHFRQRP\ ZRUNIRUF H @RIFVERUDRMWHV X Q GH U JU D (

0DQ\ UHSRUWYV GLVFXVVRLKB R HEHWRQRFRIMNDMEILQHHULQJ D
67(0 OLWHUDF\ DQG WKH QXPE® W R W &7 BHHBRMEX BWHZR UNIRUFH
QHHGV LQFOXGLQW)RKHIERLRSGR QRP\ WKH &K IWHVARXVB UHO
&RXUVH IRU 6XFWHOAW U B RHHUL FB U ® Z KL KBXHFDMQWY WKH YHGHUDO
*RYHUQWPHOWD U NWBDSY IRU 67(0 BGXFDWLRQ

$V LW UHODWHYV VSHFLILFDOO\ WR WKD IEQRMF RQRB PZAR USBIRUIRK Q
GHYHORSPHQW HIIRUWYV KDYH RFFXVUQWG&HBWIHGRPRQROWIN G Q W
ELRWHFKRRORD IHZ SURJUDPD QEX® WRBUWEBYVWLIMUH D QXPEHU f

"% Organization for Economic Cooperation and Developmimigvation Ecosystems in the Bioeoamy, OECD
Scienceand Technology Policy PaperspN76, OECD Publishing, PariSeptember 2019, p. 64.

2 For more information on STEM education, RS Report R4522Fcience, Technology, Engineering, and
Mathematics (STEM) Education: An Overvjdw Boris Granovskiy

73 Committee on STEM Education, National Science and Technology CoGheitting a Course for Success:
$PHULFDYV 6 WUDWHJ\ | Rdc@ive Off(ce of thb RVdésRept, Washingtoc, December 2018,
https://trumpwhitehouse.archives.gaptcontentliiploads2018/412/ST EM-EducationStrategiePlan-2018.pdf
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(XURSHD®BURBXNDHG VSHFLILF MU®D LRQEHELHR R b & R/RW\R UDY\GH
OHYH$ 0 UHFRPPHEGEREPARWEMIPLQLQJ DQG Z R U RIFRADAH DY HOR S|
OH YDIQE WY BRXIO® KIS DLRULW\ IRU IXWXUH SXEOLF LQYHVWPHQV

,Q DGGLWLRQ WKH %LRPDVV 5 ' %RDUG QRWHG WKH QHHG IRU L
XQGHUYWDRIRUFH DYDLODELOLW\ DQG GHYHORSPHQW ERWK SH
DQG KDYLQJ W KNLOWNRXIS BRIVDM WK MAVHKIS EQ R BFRRER@AIP\HV V P D\
H[DPLQH IHGHUDO RONRIY RP\HY WIE DBMEQZ RUNIRUFBD GG YHORSP F
WKH SURJUHVV Rl WKH IHGHUDO JRYHUQPHQW LE@WWDLQLQJ W
67(0 HGXFDWLRQ

Public Engagement and Acceptance

$FFRUGLQJ WR WKH OF.LQVH\ *OREDO ,QVWLWXWH

In the next decade, more than 50 percent ofthe total potentialimpact [of bio innovations]
could hinge on consumer, societal, and regulatory acceptance, rising tGd@peutent
overthe next two decadé&sfective mechanisms to govern use, such agtbaornms or
regulations, willbe needed to persuade society that innovations that bring benefits but may
be risky and cause discomfortare being pursued safely. Today, policies to govern use vary
significantly among countries with differentvalue systéns

'XH WRH VLIJQLILFDQFH RIDSREPEF WD RFHFRWMRYWAHHY DUH SXUV XL
HQJDJHPH® N Z DVFMWD HWLWY L H V ) RQ GH SIRFODEHHIFHFORP L VKD R Q

VXSSRUWHG FSRIRHMWKWQ DQG LQLWLDW LYW SIRRU WQ FRUH DL\DH DOBZALY
WR LGHQWLI\LQJ FKDOOHQJHV DQ\UR SO YRWWK@LWIL W\R DV N IRRFH. DRV

QD VWX®B\KH 1$6(0 UHFRPPHQGHG WKDW HEGHIDIORBIMHRF LHV L
XQGHUVWDQGLQJ WKH HW KLLAFIDW [ FERI ID X WIXQGH \ER R MHHW K@ R P RO\
SURGAB&Y QRWHG WKBWDWU&FK DVVRFLDW HE ZUMKHBVRIMEH DK Y R Of
RWKH MRV @HRQOMWH F KGIRERIWNFK EHWZHHB@RQJDBGY PD\

FRQGXFW DGGLWLRQDO RYHUVLIJKW RQ IHGHUDO HIIRUWYV WR H(
ELRDVHG SURGXFWV DQG VHUYLFHV &RQJUHVV PD\ DOVR FRQVL
WRZDUGIHOPWHG UHVHDUFK DFURVV WHGHUPRUBGLH@A. HR/Q RQ D&
HITRUWYV

International Collaboration

ORVW ELRHFHR@QRPMHG SROLFLHV DQG VWUDWHJILHV IRFXV DW WKF
HI WKH (XURSHDQ 8QLRQQWIFFQDWLADWR MKHVRU\ &RXQFLO R
%LRHFRQRIMUHQFHY WR DQG SURPRWLRQ RI HO®WKD\QOMWLRQDO F
FRRSHUDWLRQ EHWZHHQ UHVHDUFK LQVWLWIMWLE®WVVDQG WKH U

74 NationalAcademies of Sciences, Engineering, and Medic8afeguarding the Bioecononyhe National
Academies Presgyashington, DC, 2020, pp. 205, 353

5 Biomass Research and Development Boahg, Bioeconomy Initiative: Implementation Fram ewaikS.
Departmenbdf Agriculture, Washigton, DC, March 5, 2019, pp. 45.

76 Michael Chui, Matthias Evers, and James Manyika, eThk, Bio Revolution: Innovations Transforming Economies,
Societies, and Our LivedcKinsey Global Institute, May 2020, pp.23.

"7 TheEuropean Bioeconomy Networkttps://eubionet.eu/

8 National Academies of Sciences, Engineering, and Medi€ineparing for Future Products of Biotechnolggyhe
National Academies Press, Washington, DC, 20118p.

Congressional Research Senice 21



The Bioeconomy: A Primer

GLVFXVVLRQ DERXW LVVXHV UHODWLQJ WR WKEHLRBRENO LQWHU
UHVRXUFBGGHBOKKIDLQVY DQG WHFKQRORJLHV?®ZLWK LQWHUQDW

$ UHFHQWUHW¥®WUEKHUV IURP WKH 6WRFNKROP (QYLURQPHQW ¢
LQWHUQDWLRQDO LQ VKDIYWXNRE G ROIENG RER B HIDIREB O
JRYHUQDQFH DVWWKRF ERWHBRDIRPK 7KH DXWKRUV VXJIJHVWHG D Q
LQWHUQDWLRQDQFPRGORERBBWYR®@J] FROODERUDWLRQ RQ OHVYV
UHVHDUFK DQG LQQRYDWIRRQL\WRUW\QDQERG EFMMEMREB QR G XF WV
&ROODERUDWLRQ RQ VXFK LVVXHV PD\ OHYHO WKH SOD\LQJ ILHC
LQ WKH ELRHFRQRP\

,Q WRHWBWG WHRWPH VWDWHY KDYH HQJDJHG LQFESLO®WHWRE FROO]
DQG OLFEKRWKQQHG PHRRXNQQBUVESMIEMWIEH JRYHUQPHQW RI )LQ
WRHYHORS MRLEORRBHRDWN QRE K RQORBKMWDI2 8 DOVR RXWOLQHG
FRRSHUDWLRQ LQ WKH DUHDV RJDEBW WO G \\WKHHF BUO\W R R RW HYQHH UQ!
DPRQJ RWKHUV &RQJUHVV PD\ H[DRIODD BRKWHDWWR @ HR @ I W.IQKV B UR,
DQG WKH QHHG IRU FRQJUHVVLRQDO GLUHFWLRQ LQ WKLV UHJD

Sustainability and Creating a Circula

$ QXPEHU RHYBWERDWYO\ WKRVH LQ WKH (XURSHDQ 8QLRQ DUH L
ELRHFRQRP\ VWUDWHJILHY DQG SROLFLHV WR DFWLRQ SODQV D\
DQG FLUFXODHKISSRQBEFRUGLQJ WR WKH (XURSHDQ 3DUOLDPHQ
BHUYLFH

8QOLNH WKH WUDGLWLRQDO OL Q-hdkécdAftRe@QRRLE ZPBZIHD EDVHG R (
pattern, a circular economy is based onisbaleasing, reuse, repair, refurbishment and

recycling, in an (almost) closed loop, where products and the materials they contain are

highly valued. In practice, it implies reducing waste to a minirffum.

0DQ\ FRXQMHIDHFVRQQHFWLRQ EPVIGFEQ X0 EINFHRF@RRP\QV WR
DGGUHVV D QXPEHU RI WKH 6XVWDLQREOH 'FIRXQWSRHQW *RDOV

LQFOXGLQJ WK H 6RISWHHE GWKISBANW R$IMKIED IRU 6 XVWDLQDEOH

'HYHORSRKEV *V LIQEDOXEMWDLQDEOH FRQVXPSWLRQ DQG SURG >
WNQXUJHQW DFWLRQ WR FRPEDW F OIP® W @\EREMMIN B DG | RW & DLPC
UHOLDEOH VXVWDLQDEOH IDRR® P RGEKHUWAIQH YRR GRVQIBORI U LF X O\

"9 International Advisory Council on Global Bioeconon@ipbal Bioeconomy Policy Report (IV): A Decade of

Bioeconomy Policy Development around the Waddvember 2020,mp 161-162.

80OBWHIDQ %|%QHU )UDQFLV ; -RKQVRQ DQG =RKD 6KDZRR 3*RYHUQLQJ WKH %L
, Q VW L W Ru¢taiRa@ilty'vdl. 13, no. 1 (202 1nttps://mmw.mdpi.con2071-105043/1/286htm.

8130HPRUDQGXP Rl 8QGHUVWDQGLQJ %HWZHHQ WKH OLQLVWU\ Rl (FRQRPLF $1IDL
BWDWH RI OLFKLJDQ &RQFHUQLQJ &R R 8tipsl/Mwinfchighh Qusf essIdaigioFsH FK QRORJLHV ~
globalassetgdbcumentshousmousigningbetweenstateof-michiganandfinland-concerningcleantechnologies

2020, DQG SOHPRUDQGXP RI 8QGHUVWDQGLQJ &RQFHUQLQJ &RRSHUDWLRQ LQ )RUH
DQG )RUHVWU\ RI )LQODQG DQG ODLQH 'HSDUW P HQ WtsivinnamX@W XUH &RQVHUY
governormills/sitesmaine.gov.governor.millles/inline-files/Maine%20and%20Finland%20MOU.pdf

82 Didier Bourguignon Closing the Loop New CirculadEconomy Packagé&uropean Parliamentary Research Service,

January 2016, p. https://mww.europarl.europa.&®ggDataétudedBRIE/2016573899/

EPRS_BR(2016)573899EN pdf.

83 As described by the United Nations, the 2030 Agenda for Sustainable Development, adopted by all United Nations

OHPEHU 6WDWHV LQ S3SURYLGHV D VKDUHG EOXHSULQW IRU SHDFH DQG SUR"
the future. At is heart are the 17 Sustainable Development Goals (SDGs), which are an urdemtaction by all

countrieg developed and developifign a global partnership. Theyrecognize that ending poverty and other
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2UJDQLFOIWLRI) SQLWHG UBD®HRWYNG )82VHW Rl SULQFLSOHV DQG F
HQVXULQJIEWRBMRWRA\ ZKHQ LPSOHPHQWHG FRUUHFWO\ FDQ EI
DQG WKH JOREDO HQYLURQPHQW LQ 2 D3$ 2@ K DOVCDSMSENQDWM. QH Z |
VXVWDLQDEOH ELRHFRQRP\ VKRXOG

VXSSRUW IRRG VHFXULW\ DQG QXWULWLRQ DW DOO OHYHOV
HQVXUH WKDW QDWXUDO UHVRXUFHVY DUH FRQVHUYHG SUR

VXSSRUW FRPSHWLWLYH DQG LQFOXVLYH HFRQRPLF JURZW

PDNH FRPPXQLWLHY \VKANOWMKIHEBEOH RWQG KDUQHVY VRFLDO |
UHVLOLHQFH

UHO\ RQ LPSURYHG HIILFLHQF\ LQ WKH XVH RI UHVRXUFHYV |
EH XQ@HEBS UHVSRQVLEOH DQG HIIHFWLYH JRYHUQDQFH PHF

PDNH JRRG XVH RI H[LVWLQJ UHOHYDQW NQRZOHGJH DQG S
DQIRRG SUDFWLFHVY DQG ZKHUH DSSURSULDWH SURPRWH

XVH DQG SURPRWH VXVWDLQDEOH WUDGH DQG PDUNHW SUL
DGGUHVYVY VRFLHWDO QHHGY DQMXAQWRRQDDKWE XVWDLQDEO!

SURPRWH FRRSHUDWLRQ FROODERUDWLRQ DQG VKDULQJ |
FRQFHUQHG VWDNHKROGHUV LQ DOO UHOHYDQW GRPDLQV I

&RQJUHVV PD\ FRQVLGHS8 BELR IEFHR Q R P\ VB R QLKFLLFHR VIKGRGGD F W L Y LW
EH WLHG WR DQG DOLJQH G$EGWW LIRRKWIHNL OV HVKIHZE YW H PDWHU |
IHHGVWRFN LV FHQW U D@KWMR H IFULH FRX O/BI) FKPRQRPRJHYV WR LWV
ZRUNVKRS KRVWLIHGGENG QF LQ J RMIRP % LRIHRFPV:R R BYHUVLRQ
5HDG\ )HH GMXRGCMWHIDUN. ORE LPX /\NFR S DO VADY BBRRM YV LIQLILFDQW
FKDOORIQBRZQVWUHDPGERQYHUMHGE FEDUDFWHU IGIDIMDIRQ DQG FRF
ODFNLR XQGHU VW DQGHIDQUG BPERLIEDD WP DPLQH DQ\ UHJXODWRU\
LPSHGLPHQWY RU RWKHU EDUULHUV WR FUHDWLQJ D FLUFXODU

X X X X

Concluding Remarks

7KAURVV RQOWNXWH Rl WKH ELRHFRQRP\ ISR W EGEHMMDRY/ WR WKH G
DV VR FAIDMWHGME DGEDQFHPB @XMREHUWRI UHDVRQV IRU LQFUHDV|
FRQJUHVVLRQDO LQWHUHVRPRIDVEIHZHY RORPUWRBUFDIYBG SURPRW
ELRHFRQRM\ DWRDDWFHERMM) HFRQRPLF DEERXGYWDQFH SXEOLF

KHDQWKHUV PD\ EH PRUH LQWHUHVWHG LQ WKH HQYLURQPHQWD
DZOURRMVLO IXHOW DA EGOVR@WSHRUWLDO IRU UXWEO GHYHORSPH
FURVVFXWWLQJ QDW XD RV MWK 51 REN. R € WR QRRALKYTHO DRI QLIF\W DANR. G1J |
LQFOXGLQJ WKH KDUPRMM.]DYGERRRHGBRQW JRYHUQDQFH ORUHR!

deprivations must go harid-hand with strategieshiait improve health and education, reduce inéyyand spur

economicgrowtk DOO ZKLOH WDFNOLQJ FOLPDWH FKDQJH DQG ZRUNLQJ WR SUHVHUYF
information seenttps://sdgs.un.orgbalsandCRS In Focus IF10249he Post2015 Global Development Agendsy

Marian L. Lawson

84 Food and Agriculture Organization of the United Natiokspirational Principles and Criteria for a Sustainable
BioeconomyRome, 2021, p. 3.
88 6 'HSDUWPHQW RI (QHUJ\ 2IILFH RI (QHUJ\ AtvarEib¢it@eBioBc@nenyH@H ZDEOH (QHU

Waste to ConversioiReady Feedstock&¥orkshop Summary Reportiebruary 2020, p. 2https://mww.energy.gov/
sitesprodfiles/202102f82/beto-municipatsolidwastereport.pdf
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WKH JURZWK DQG VXFFHVV Rl WKH 8 6 EIHFHFIRQREXETDOB GHSH (
SDUW QHOQ WKL\BNDQURFYKB &/XIFRN) G ZRUNIRUFH7GDQYNOWRSRBOQ®WI WR D
ELRDVHG HFRIRBWH VXVWDLQH® FRRE L Q/PHERWHNF DEWLRQV

DQBR@HUP SODQQLQJ UHPRYLQJ EDUULHUV WR VXFK D WUDQVL
UDGLERAYDPWORWHG(B\ WKH

Systemic change calls for policy making that allows both smalland deep support. Vision
has to be complemented with a strategy that can be converted to action. It requires action
at multiactor, multisector and multiievel, and gegraphically it is national, regional and
localin its approactf.

&RQJUHVV PWKBHALGHQR QHHG WR UHRUJDQL]H IRUF DXRXS® WRJH
VRRIREWDQGLQJ HIIRUWY XQGHU ,VELIRHE RBOIRPH WD S5 TR/ XM
ELRHFRQREDWHG SROLF LHH\. WWHHEORUSIHEE B8 B K MHLER URNV LW P D\
GHFLGH FXUUHQW SROHFYNVEEEDEI@®BWY VLR DHVMER F\R XQW U LHV
SROLFLHVY DQG VWUDWHJILHY WR DGYDQRH WRWHY WILRWFR R FEKLH
8 60OHDGHUVKLS LQ ELRWHFKQRUORIDWBHG RMAKWM R UBL RHKRMD RP D\
W@DWLRQDO VHFXULW\ DQG $FRRURLIFEI(RRM SHHULYDIW HRYGIVOO\ W |
8QLWHG 6WDWHV LV WKFLOBDI®NULRQ RIKBIGRFORPAHY LQ VIQWKHW
FRQWLQXHV WR KROG DQ DGYDQWDJH LQ WHUPV RI WKH HGXFD\
SRVLWLRQ SURYLGHV WKH EDVLV IRU EXW QR JXDUDQWHH RI IX\

86 Organization for Economic Cooperation and Developmigmipvation Ecosystemsihe BioeconomyOECD
Science and Technology Policy Papers, No.OBCD Publishing, PariSeptember 2019, p. 8.

87 National Academies of Sciences, Engineering, and Medi@aéguarding the Bioecononjhe National
Academies Presgyashington, DC, 202@. 151
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Appendix.Bi oecolbhbimyrt s of Select

1HDUO\ FRX®XWUIHGE LQ SDUW E\ WKH SRWHQWLDO DVVRFLDW
SRUWLRQ RI WKHLU QDWLRQDO HFRQRP\ HJ HRFYHRQPHQWDC
GHYHORSHG HLURGIFWRBE RIROICFRAM J7 K HF W LRHWH OURK Y 6 H LISIW KR Q
WKH ELRHFRQRP\ HIIRUWY RI VHOHFW FRXQWULHYV

China

,Q JHQHUDO &KLQD GRHV QRW XVH WKH WHUP ELRHFRQRP\ LQ L
VWUDWHJILHY ,QVWHDG PXOWLSOH SRORDEHARFERBQ®/'V DQG VV
WKHMSLY$HDU BRODQ WR UHIHU WR EWRW K FLQ@GRO/RN U \ WU \F K |
ELRLQGXVWU\ DV SULRULW\ DUHDV IRU GHYHORSPHQW DQG JUR
ELRWHFK LQGXVWU\ DQG ELRLQGXVWU\ GHVFULEH DFWLYLWLHV
HQJLQHHULQJ DJULFXQRXWVHGERR QY XMFQROREPY HERHQHUJ\ ELF
HQYLURQPHQWDO SURWHFWLR® ODQIEJ H DRVWHK B\ RIGIRH UWOHIOA LIFDHC
VEFRSH Rl WKH WHUP ELRHFRQRP\ $WFRIRGHFRIQW R \RIPHR ¥ @ W HED W
ELOOLR® LQ

&KLOQMDWVW UHFRJQL]JHG WKH ELRLQGXVWU\ DV DWSHERQIR®P\ DUHD

LQ WKLY $BBRUMMDQFH KDV JURZQ RYHU WKH \HDUV )RU HJI
WKLY$HDU %LRLQGXVWU\ '&KIHIIR 5@ BIQMDBIXEBQWE DLWV ELRLQG XV
UHDFK EHWZHHQ WULOOLRQ DQG WULOOLRQ E\ DQG D

FRXQWUURVV GRPHVWEF$SSGRWXRYDO®G\ &KLQD LGHQWLILHG WKH
RQH RI ILYH VWUDWHJWKBRWHW RUGIW I KHGXYRXOGWDFFRXQW IRU PF
FRXQWUSB E\ 6SHFLILFDOO\ DfLGrHM B U LIEH/GL R@ DMK 18 W UDWH J L
(PHUJLQJ ,QGXVWU\ 'RKHQBE REQPRDGBNOWH WKH SDFH RI LQQRY
GHYHORSPHRW HFIKWIQHG E V WHZ\ BLQRGV HFRKWHHRRB\RPLF GULYHUV
EXLOBL@HZ ELRSKDUPDFHXWLFDO V\VWHP

HQKD QWK GHYHORSPHQW OHYHO RI ELRPHGLFDO HQJLQHHL
DFFHOMNUMHVL@EXVWULDOL]IDWLRQ RI ELRWHFK DJULFXOWXU
SURPRMKIQYFDOHG DRS\W & ERKDROLGQI RA VEX U LQJ

FXOWRQQDBW IRUPV RI ELRORDIEFDO VHUYLFHV

FUHDPRIGHOV IRU WKH GHYHWDRSPHQW RI ELRHQHUJ\

X X X X X X

88 For more information on the hioeconomy strategies of various countriéistserational Advisory Council on

Global BioeconomyGlobal Bioeconomy Policy Report (1V): A Decade of Bioeconomy Policy Development around the
World, November 202(https://ghs2020.netp-contentiploads202011/GBS2020_GlobalBioeconomyP olicy-
Report_IV_web.pdf

89 Rob Carlson and Rik Wehbringiwo Worlds Two Bioeconomies: The Impacts of Decoupling@fina Trade and
Technology Transfedohns Hopkins Applied Physics Laboratory, 2020, ptfs:/mww.jhuapl.ed@ontert/
documentsZarlson_Wehbrindiotech.pdf

90 Organization for Economic Cooperation and Developmimigvation Ecosystems in the Bioecong@gCD

Science and Technology Policy Papers, No OBCD Publishing, ParjSeptember 2019, p. 2Bttps://mmw.oece
ilibrary.orgidelivere2e3d8alen.pdftemld=262Fcontent%2Fpaper%2Fe2e3d8ai&mimeTypepdf.

1 3HRSOHTV 5HS XE O Churkil, SrétlaQdbthe\Stexs\CHuncil on Issuing the National"Fdve-Year Plan

for the Development of Stratedi@nslation by the Center for Security and Emerging Technology, November 2016, pp.
19-23,https://cset.georgetown.edesearchiationat 13thfive-yearplan-for-the-developmenbf-strategicemerging
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ORUH UHFHQWO\ ELRWHFKQRORJ\ LV YRFGENOHGDMIPKVWUDWHJI
VWDWHVY &RDQLN WR LQFHIHB®IMH FE\ DQQXDODO\ WKURXJK

$FFRUGLQJ WR D UHSSRUKK SQBI $PROBPIIRFUDWMIGH6 HF XULW\ 5HYL
&RPPLVELRDQISKRIHOWLILF DQG WKH 5KRGLXP *URXS

&KLQDTV ELRWHFK LQGXVWU\ KDV JURZQ WdSEBaO®\ RYHU WKH SD\
D WHQWK WKH VL]IH RI WKH 86 ELRWHFK LQGXVWU\ LQ WHUPV RI P
is estimated at 30 to 40 bilion yuan ($4.7 to $6.2 bilion) and their agricultural biotech

market is around $8.1 billion, while estimates places¢lJS markets at $118 billion and

$110 billion, respectively. Overall, the US maintains a superior biotechnology innovation

capacity through worlglass research training and strong governmental support of R&D,

but China is seeking to close that gap tlgblits topdown government strategy and

coordination, talent recruitment programs, high R&D spending across the industry, and

capacity for hightech R&D??

European Union

7KH (XURSHDQ 8QLRQ (8 LVVXHG LWV ILUVW ELRHFRQRP\ VWUL

In orderto cope with an increasing global population, rapid depletion of many resources,
increasing environmental pressures and climate change, Europe needs to radically change
its approach to production, consumption, processing, storage, recycling and aisposal
biological resources. The Europe 2020 Strategy calls for a bioeconomy as a key element
for smart and green growth in Europe. Advancements in bioeconomy research and
innovation uptake will allow Europe to improve the management of its renewable
biologicd resources and to open new and diversified markets in food arthbéol
products. Establishing a bioeconomy in Europe holds a great potential: it can maintain and
create economic growth and jobs in rural, coastal and industrial areas, reduce fossil fuel
dependence and improve the economic and environmental sustainability of primary
production and processing industriés.

Ne) WKH (8 XSGDWHG LWVLEGRABRQA P \WKDWD N WHQHZHG VWU
WKH WUDQVLWLRQ WRODVYXVWBEQQROM DQGWFHVY¥ ZLGHU (8 SULF
H JFOLPDWH LQQRYDWLRQ IRRG DQG HQHUJ\ DQG IXOILOO Ji
8QLWHG 1DVWURQ®D IRU 6XVWDL®ODEOHWKN BORERNHQWHHPHQW

industries/

923HRSOHTV 5HS XE@din€ oRle & Edp® Republic of China 1% Five-Year Plan for National Economic
and Social Development and LoiRange Objectives for 2038ranslation by the Center for Security and Emerging
TechnologyMay 12, 2021 pp. 8, 10 https://cset.georgetown.edy-contentiploads/
t0284_14th_Five_Year_Plan_EN.pdf

98 Gryphon Scientific, LLC and Rhodium Group, LL&K L QD TV wdgR Mévelgnient: The Role of US and
Other Foreigh EngagemenA report prepared for the U-8hina Economic and Security Review Commission,
February 14,2019, p. Bttps://mww.uscc.gowltestlefaultfiles/ResearcidS China%20Biotech%20Report.pdf

%4 European Commission, Communication from the Commission to the European Parliament, The Council, The
European Economic and Social Committee and the Comnuftiée Regiondnnovating for Sustainable Growth: A
Bioeconomy for Europé-ebruary 13, 2013, p. Bitps://ec.europa.a@searchiioeconomypdf/official-

strategy_ermdf.

95 European Commission, Communication from the Commission to the European Parliament, The Council, The
European Economic and Social Committee andthe Committee of the Regiduastainable Bioeconomy for Europe:
Strengthening the Connecti®etween Eonomy, Society and the Environmg¢tober 112018, https://op.europa.eu/
enpublicationdetailt/publicationédace3e318911e8b69001ad 5ed71al/

% For more informationseenttps://sdgs.un.orgbals
97 As described by the United Nationkge Paris Agreement is a legally binding international treaty on climate change,
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6SHFLILFROGD WHCHVWUDWHJI\ LQFOXGHG DF WLRHQLUMWRHIG G UHV \
DQG VFDOLQEDX\BHG EHRWYRFNDMHI/ WPHQW YV DHEQRUBERBW/V
ELRHFRQRPLHYV UDSLGO\ DF URMG/QW Kdt MWIRKQHS BIFEFRIOMR R S H
ERXQGDULHV RI WK RURBHBER QRPWKH (8 LW LQYHVWHG DSSURJL
ELRHFRQRP\ IURP W R DQG SODQV WR LQYHVW QHDUO\

Ger many

7KH *HUPDQ EERHWARLPEORNHG DWOHERXIWKH OBUCPHIHRU RDQXURSH

FRQVLGHUV LWVHOI D OHDGHU LQ WKH ELRHFRQRP\ GHYHORSLC
ELRHFRQRP\ LQ DQG D SROLF\ VWUDWHI\ IRU WKH ELRHFRQR
SXEOLVKHG D FRPSUHKIRQWRPMHEQOWQARQBOHDWEBEBRW QG SROLF\ JR
GRFXPHQWYV ERRWRHD HQW JWHREDAY\RUWNKH IRXQGDWLRQV IRU *HUPD
VWUHQWWKBROH DV BDELHRUH MRYXEBGRW\R OFRIJN MWK WIR E WV RF WRR® U U R 2

*HUPBWQ\ EHIFRQRP\ VWUDWHJ\ DV ZLWK RWKHU (XURSHDQ QDW
ELRHFRQRP\ JRDOV DQG SULRULWLHV RI WKH (XURSHDQ 8QLRQ
(8 LRHFRQRP\ 6WUDWHJ\ WKH *HUPDQ VWUDWHJ\ HPSKDV L]
7KHUWRDQ JRYHUQPHQW GHILOWMKHNVKUIR BDPSFHEIRGIRW LY DQG XVH |
ELRICFRRIO UHVRXUFHY SURFHVVHV DSAGR¥HWWHRVDWRE SHRYLEH\SE
HFRQRPLF VHFWRUV ZLWKLQRW KHQIW B BIZRRINRRN D | XWX UH

7TKHHUPDQ QDWLRQDO VWUDWHJ\ RXWOLR BIRDWX R IKHGXQGRIDY Ql

X KDUQHVVLQJ ELRORJLF R@ WLERHOHEGQ R YIEMBHR G M B U VXV WDLQ
FOLP@MXWUDO GHYH®RSPHQW

Xx XLQJ ELRIJHQLF UDZ PDWHUXODYV HFRQRPXVWDLQDEOH FLU
7KH VWUDWHJILF JRDOV DUH
X GHYHORS ELRHFRQRP\ VROXWLRQV IRU WKH $IJHQGD IRU
'"HYHORSPHQW

x UHFRJQL]H DQG KDUQHVV WKH SRWHQWLDO RI WKH ELRHFR
ERXQGDULHYV

HQKDQFH DQG DSSO\ ELRORJLFDO NQRZOHGJH
HVWDBNXMVWDRQDEOH UDZ PDWHULDO EDVH IRU LQGXVWU\
SURPRWH *HUPDQ\ DV WKH OHDGLQJ ORFDWLRQ IRU LQQRYLE

adopted by 196 countries on December 12, 2015, with the goal to limit global warming to below 2 degrees Celsius,
comparedto préndustrial levels. For more information, detps://unfccc.indrocessandmeetingshe-paris
agreementhe-parisagreemenandCRS Report R46204The Lhited Nations Framework Convention on Climate
Change, the Kyoto Protocol, and the Paris Agreement: A Sumrnadane A. Leggett

98 European Commissiolioeconomy: the European Way to Use Our Natural Resources, Action PlanQétthber
2018,https://op.europa.ee publicationdetail-/publication75a2dc72a811e98d0401aa75ed71al

99 Assobiotec and Intesa Sanpadbigeconomy in Europ@&! Edition, June 2020https://assobiotec.federchimica.it/
docstlefaultsourcefefaultdocumentlibrary/bioeconomiaexecutive
summary656353eblefe40198f9258ada35ca85esfath=d48dbd39_0

100 German Federal Ministry of Education and Research and Federal Ministry of Food and Agrididtieal
Bioeconomy Strategy he Germa Federal Government, January 2020, ftdps://www.bmbf.dalpload_filestore/
pubBMBF_Nationale_Biooekonomiestrategie_Langfassung_eng.pdf

1011pid., p. 10.
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x LQYROYH VRFLHW\ DQG VWUHQJWKHQ @DWLRQDO DQG LQWF

,Q DGGLWLRW VYWUBW®\JI\ FDOOV IRU WKH HVWDEOLVKPHQW RI D
GHYHORSLQJ DQ LPSOHPHQWDWLRQ SODQ IRU WKH QDWLRQDO V
ELOOLRQ WRZDUGV WKH LPSOHPMQWRCPW LR QVRI LW V2 E MRKHF/R Q
WRWDO DERXW WHRUB HOW ERRHEFIRWQREG\UHVHDUFK )URP WR
JRYHUQPHQW LQYHVWHG DSSUR[LPDWBOW HGBIHOHRWYFRQ ELRHF

Italy

$JULFXOWXUH DQG IR RMGKBIU,KV D /L V& HEVERHHPBRMWR BADW PRUH WKDQ
ELOOLRQ LQ ,WDO\ DOVR FRQVLGHUV | REEWDN\HVE U\Q ELX\K\W ULHV
H FKHPLFDOV DV NH\ FRP®RBIRHFR @R KH WDOLBEYHORSHG C
GHGLFDWRGDI®ELRHFRQRP\ VWUDWHJI\ ,Q LW UHOHDVHG D
LQFUHDVLQJ WKH SHUIRUPDQFH RI WKH ,WDOLDQ ELRHFRQRP\ E
,WDOLDQ ELRHFRQRP\3D/K KV ¥ K V.V IV HUBDWVHIZEDE RBG! XEWVRIORRY LRI DWDH Q
UHVRXUFHY DQG WKH FRQYHUVLRQ RI WK HYGIGHIEVBRY R E NV \D\D & X2
DV IRRG IEHBNGHEISRIRGXFIWN¥SDQG ELRHQHU

7KH UHYLVHG VW UDWHBQPOHBPVRHE RFAGRP\ RR&EU ®LEDOWLRQ *U
WVNHG LW ZEWKHQMAXEHWIHHQ QDWLRQDO UHJLRQDO DQG ORF
WKH 1DWLRQDO 7HFKQRORJ\ FOXVWHUNGREIMULIRWLY R LUQ FAL K HWED R
PRQLWRULQJ WKH LPSOHPHQW D W%t RIQHRI%VKH IEDR HBRIR P\ VW UD

LPSOHPHQWDWLRQ DFWLRQ SODQ LQ 7TKH DFWLRQ SODQ SUF
IROORZLQJ DUHDV

X WKH FUHDWLRQ RI UHJRR@XOD ¥YBOX HE@E® BXFOWD Q G
ELRUHILQHULHYV

HVWDEOLVKLQJ D PRUEBW ERBEH VDK X\DWVWHZDWHU
UHFRQYHUVLRQ RI LQGXVWULDO VLWHYV
UHVWRUDWLRQ RI WKH PDULQH HFRV\VWHP DQG
FLUFXODU DQG VXVWDLQDEOH DJULIRRG FKDLQV

W DOVR VHHNM IR CD/GRONMHEEDR MK FIUKH (X URSHDRUNWXKHQPRUWR QD C
WHKLPSOHPHQWDWLRQ DFWWR/Y SOWY KV JWRHIERWHOWDWMVDQ Rl D F

X X X X

102 |pid., pp. 1416.

108 |nternational Advisory Council on Global Bioeconon@lpbal Bioeconomy Policy Report (1V): A Decade of

Bioeconomy Policy Development around the Waddvember 2020p. 103.

104 Fabio Fava, Lucia Gardossi, and PatBizi% ULJLGL HW DO 37KH %LRHFRQRP\LQ ,WDO\ DQG WK
IRUD ORUH &RPSHWLWLYH DN BEMNEGHNO PG IHG 1 FOXX), WoU1\24 36.

105 |nternational Advisory Council on Global Bioeconon@lpbal Bioeconomy Policy RepdiV): A Decade of
Bioeconomy Policy DevelopmeniAind the WorlgdNovember 2020pp. 114120.

108 talian National Committee for Biosafety, Biotechnology and Sciences of Life Presidency of the Council of
OLQLVWHUYV 31DWLRQDO %LRHF ®Q &R RObEG halrEr i hidR #h HrelaRoX 8o re/
bioeconomynationatbioeconomycoordinationbodyfmandate/
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LQ DFFHOHW DN\, ', WD BF RY)HURP WKURXWDO\ LQYHVWHG DEF
PLOOLRQ LQ ELRHFRQRP\®HVHDUFK DQG LQQRYDWLRQ

Japan

, Q -D8ESIVMKXH WKLUG ODUJHV W HFRQHRE LWY WMKH WRBILRGIF RQRP\
VWUDWHJI\ EXLOGV LW SBRQW KRQWRKHN RRYX®BSRUW IRU WKH SUR
XVH RI ELRPDVV ,Q -DSDQ XSG DWVWKGDLQV VQEFILRHARHR AP 8 W
ELRWHFKQRORJ\ DQG ELRORJLFDO GDWD LQ DGGLWLRQ WR UHF
LQ DGGUHVVLQJ DQG UHFRYHULQJ |IURHYW & R SLRU REEBMIUXNVS D IX
IXWXUH SXEOLB QG 8 RMKIL F UHE LW WX S SR FEKG LQW MURQW WHRQD O
$GYLVRU\ &RXQFLO RQ *WRHDD SELQH WV RERRGIFRR PV KW H[SDQC
VXVWDLQDEOH DQG UHQHZDEOH FLUFXODU HFRQRP\ DQG VRFLH
ELRORJLF D COUMHKWHRXWEBWHJI\ LV FURVVFXWWLQJ FRYHULQJ PXOW
DJULFXOWXUH LQGXVWU\ KHDOWK DQG PHGLFLQH

JLYH EDVUHFVSROQIGH WKH -DSDQHVH VWUDWHJ\

7KH GHY HORIAUHGW HRE R DR BB WD\SXV \DRQIE WE FWRPP LW
QWHJUEWRRAQIRIZLWK GLILWDO WHFKQRORJLHV
3URPRIWLRQ LQWHUQDWLRQDO KXE

&RRUGLQDWLRQ DR)QA QW KVQBEMRMRAWEY H J VWDQGDUGYV
GHYHORSPHQW WUDGH SROLFLHV

X SHVSRQGIVWVKOMBOO DQG VRELDO LPSOLFDWLRQV
$FRRGLQJ WR WKH VWUDWHJ\ WKHVH SROLFLHV UHIOHFW NQRZC
7KH VWUDWHJ\ DOVR WDUJHWV WKH IROORZLQJ PDUNHW DUHDYV

+LIBHUIRUPDQFH ELRPDWHULDOV

%LRSODVWLFV

$VXVWDLQDEOH SULPDU\ SURGXFWLRQ V\VWHP

2UJDQLF ZDVWH DVQUAHDRBNPWMRNDWHU

+tHDGWKH IRU OLIHVW\OH LPSURYHPHQW IXQFWLRQDO IRRG

,QGXVWULHY UHODWHG WR ELRSKDUPDFHXWLFDOV UHJHQH
JHQH WKHUDS\

WRRXQGULHV LOQBREXEWLHEQRI IRRG SURGXFWYV
% RORDIFDO\VLY PHDVXUHPHQW DQG H[SHULPHQWDWLRQ

X X X X

X X X X X X

107 |talian National Committee for Biosafety, Biotechnology and Sciences of Life Presidency of the Council of
Ministers,iImplementation Action Plan (2022025) for the Italian Bioeconomy Strategy BITduly 2020,
http://cnbbsv.palazzochigi.ifedia?018bitii_implementationactionplan_july202fy. pdf.

18)DELR )DYD /XFLD *DUGRVVL DQG 3DWUL]LD %ULJLGL HWAISDabegy37 KH %LRHFRQ
IRUD ORUH &RPSHWLWLYH DNgBSOMNEGHNO DGO IHG IEFOXN), W. U32.”

109 nternational Advisory Council on Global Bioeconon@lpbal Bioeconomy Policy Report (1V): A Decade of

Bioeconomy Policy Development around the Wdddvember 2020p. 54.

1101pid., p. 55.
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X IDUYHFDOH FRQVWUXFWLRQ XVEOJ ZRRG DQG VPDUW IRUHVYV

$ %LRHFRQRP\ 7DVNIRUFH FRPSRV MG QD WHKG! IXHDE\L RV IDRER K D
UHVSRQVLEOH IRU WKH LPSOHPHQ WD W KRQE LFRRHFLRQRPL Q/IW D QW H-
OXOWLSOH DJHQPIHEWRYGEGRHILFRIGLQ) DQG RWKHU VXSSRUW EX
LQYHVWPHQW LV XQFOHDU $FFRUGLQJ WR WKH VWUDWHJ\ -DSEC
WHFKQRORJ\ GHYHORSPHQ® QHODLWH R WRL RIGRIJ Y VX \GDWD DQC
GHPRQV W U DSVIRRGXRWERR
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