Antje Klitkou, NIFU
Markus M. Bugge, NIFU & UNIK
Teis Hansen, Lund University & NIFU

Competing visions for the transition to the bioeconomy

Nordic Research and Innovation Pathways towards a Circular Bio-economy
NoRest Conference, Copenhagen 25.-26. October 2016

NIFU €19 Forskningsradet



Background

® Grand challenges central issues for policymaking and academia.
® Concept of bioeconomy put forward as important part of the solution.
@® Little consensus about what a bioeconomy actually implies.

® «Bioeconomy» concept still in development and a narrative open for different
interpretations.

- What are the visions for the bioeconomy?
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Research focus

reduced use of
fossil-based
raw materiols

® What are the origins of the term
“bioeconomy”?

® What are key interpretations of
the bioeconomy concept?

® What are the differences in the
understanding of the bioeconomy
concept that are put forward in
the academic literature?
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Research design and data: .'_" % XA
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@® Core collection Web of Science e
® 2005-2014 WEB OF SCIENCE
® Keyword approach: bioeconomy, bio-based economy, bio-based industry,
circular economy and bio*, bio-based society, bio-based products, bio-based
knowledge economy
® 453 paper
® 242 papers co-authored by researchers affiliated to more than one organisation
® Allresearch domains and all countries
® Analysis of most active organisations and their co-publishing patterns with
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Social Network Analysis (SNA) — Network diagrams, created with Borgatti
(2002) NetDraw. Analytic Technologies



Increasingly popular topic in the discourse, but dominance of
higher education institutions, highly fragmented and dispersed
over many fields of science

Types of organisation by their share of the total

number of papers

Type of organisation Share

Higher education institution 72,9 %
Research institute 12,8 %
Company 5,9 %
Public agency 5,6 %
International organisation 1,4 %
Science agency 0,9 %
Cluster organisation 0,5 %

Numbers of papers per year (N=453 papers)
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Social network diagram of the authors’ organisations (N =357
nodes) listed in the papers with more than one organisation
(N,=242 papers), based on degree centrality

Qe S bl TG ey, oo
AG ' mAlterra, Netherlands

"2 g Fac Hith Sci, Slovenia L
Univ Malaysia Pahang, Malaysia WCABL LS
4 9, Malay I Cty Univ Hong Kong, Peopie R Chiga \.‘wm Stefan Inst, Slovenia Univ Chie, (mn\ww London Iperial Col Sci Technol & Med, UK
Univ Kuala Lumpur, Malaysia Nati Univ Singapore, SinganfjiRoyal N Shore Hosp, Australia S e tolca Brasi, Brazi

Univ Missouri, USA

ot o 1 -
univ Patras, ueec\umw e Shopore

Agr Univ Athens, Greece

AMES Doo, Slovenia
Huazhong Unly Sci & Techigluyniy Orsay, France
Embrape AGRUniv Marburg, Germany

Brazilan Agr Res Cor, Brazl

i Pitea Malaysa, Mabysiagin

Kyushu Inst Technol, Japan|

S0 Tlinois Univ

Phys Chem & Appl Thermodynam EPS Univ ComiRes, Gif Reeycing Agr Engn Technol Shaansd Prov, Peoples R B
‘Ecgle Natl Super Chim, France
N\ Rhein Westfal TH Aachen, Germany

Austrglia~gy 78 Res Ctr, India
Biotechnol Div Fuels & Chem, US

roningen, Netherlands

S Australia Dept Water Land & Bodiyers Conservat,

Loyol Col T S B
Arts & Sport, Australia @ProDO Consult, Netherlands™
Ntz USh, g, poro S naheL It Techol, eopies & China
wehartes Davn v, Austala " " aine Avero, Portugel I
Ind & Investiengian Nad Energia & Ged, Portuga Jm orea Ui South Kores
WHO, Switzerland me) Craig Venter Inst, USA Ankara Univ, Turkey
BASF Leather Tech Sy Ct, Peopes R Chin

Merck Co Inc, USA
Int Commiss jurists, Switzerland
Univ Humanist Studies, Netheriands
@ Jangran Univ, Peoples R China
oL Irst Sustainabl Anal & Strategy TINAS, Spain
Govt Aragon, Spain a1 i Anal & Strategy TINAS, Germany

Univ Loyola Andalusia, Spain
fVichun Univ, Peoples R China

vale uni, Us
AnoxKaldnes AB, Sweden

WIPTS,

Triity Coll Dublin, Irelant Univ Coll Dublin, Ireland

Zhejiang Univ, Peoples R Ching
Nankai Univ, Peoples R China

Univ Vienna, Austria
gucL u N Middlesex Univ Hosp Trust, UK

Maastricht Univ, Netherlands Unlv Fogga, Italy

Kyung Hee Univ, South [NV Belgrade, Serbia

Inner Mongolia Univ, Peopies R China
Avans Hgsk, Netherlands
BTG Biomass Technol Grp, Netheriands

iUniv York, UK

Univ Sains Malaysia, Malaysia
\niv Dusseldorf, Germany

Riau Univ, Tndonesia
U Hul, UK

upperta s, Germany —

Univ Teknol PETRONAS, Malaysia
Univ Sao Paulo, Brazil Ontario Minist Nat Resources, Canada
Katsruhe Int Technol, Gemnany Ontario Minist No Dev Mines & Forestry, Canada v B”“"“‘LZ’:—;’;T;‘—L?”’;QQ -
iv, Belgiu
ehead Univ, Univ Florida, USA Umea Univ , Belgi . .
kehgad Uniy, Calb RN S &Q VocTIeSgEVITO Flemish Inst Technol Res, Belgum
b2 Ausrian Ctr Ind Biotechnol ACTB Gmbt, Ausi@LUniv Nottingham, UK T Nati Univ Malaysig, Malaysi
=Lichting, Rekrse Nethenindss consortium, Belgium
e

funiy Utrecht, Netherlands

u‘%vumé»m Trosra, Romen e, LGN

el tieimhote o vantih Chem, Nathar

Nat Resources Canada, Canadal; By Suirey, U Uni Pars 11 _
e, o A Univ Sassar, Tealyaka Uniy Lefiven, B i

GG Conace g UnEUDILS
SOMEInst Anx d\ﬂt (.\Lﬂ(\d: Tierra CSIC U
R '“\ R ?1 iLimerick Inst Technol, Ireland

Univ Turig, Ttaly 7 qﬂﬂgmv Carglo I
I v e i ) FUnlv Wageningen & Res Ctr, NetherlandsamB,aZ”

niv Fed ABC, Brazil

VIB Be‘%{mm Aust I‘3J|’]|V Ghent Be|9|um Agr & Agri Food Canada, Canada
I Univ Fed Sao0 Paulo, Brazi

Univ Louvain, Belgium
ueens Univ, Canarta ¢
Univ Hohenheirm, Germany U Series S, Ttalyy

A
ban Riv Nat Reserve Management O, Peoples R China
1 ssoc Aot Economets, USA Nanodbio Srl Italy
ENEA, Italy’

Clemson Univ, USA

Altarhnalania Coachen

I:JRxm Univ, Peoples R China
. Morehead State Univ, USA Univ, P
Erode Sengunthar Engn Coll Tndia / 2l Begum
//” i X 50 Forest Res Partnership [ Univ Melbourne, Australiais s%ecno, feigun) Univ Alberta, Canada
[BHKongu Engn Coll, India Zhejiang Gongshang Univ, Peoples R Chineana State Univ, UM (o U Lonaon, UK Uniy Laval, Canada, Sasiaroon Qff, Gonada
¥ IKTH 1 U om0 Laval Canadaes s advice Cur g & B 25 I S
Leibniz Inst Agr En@ Ningbo Uniiv Technol, Peoples R China Emary Uniy USK Michigan Techpol “"‘fUSA\ i1 i Fo »c) CM Vv, Belk
st Agr N l a oMY o 3Bt o igh Crondinat b Mars e Drne VG Vv, B! en U, oo chna
Dallen et Lob Clean Energy, Peoples B Misissippi State Univ, USABRDEPE Nat ResourgihUniv Georgia, USA | LETH SWItZe iy =1 Q““‘"““”“ Rusiraia™ ot Res Counci canada Con :
u\ Guangxi Univ, Peoples R China2? \ cwed Lniv Coll Ghent, Bej‘g“’, hatma Phule Knsmvuyapeem India
swans, otsws vines g e Univ Minnesota, USA werish Univ Aar Sci, Sweden gniv annsh o Canads
Rednct Boact Pojymer Syet v, Germany Nati It EnvironmStudes, Japary BHNESOla ForesUgGr) Taiwap, Normal Unf, Taiv [iK| JS D), A, USArkansas, USAR Cordr U, dh RSES Ltd, Australia
Chinese Agad Sci Peanes R CHICSTRO Ecqgvonsa B, 2>~ - norwicgiap Uniy LU Bonn, Gerany Delft Univ Technol, Netherlands
Deleggt European CommissUS, USA CC Consuting G 15, Peopls R Cin B 1212 5602 [ g s arsratkem o, Uskuropagmr |1+ i o, 11T Manchester, IS Assessment, Swilzerland ech, Germoiaray o Technl, Ausrio_an ACES Gk, Ausis
v e Gt Gamary Sty won, s Soven U, i e T ity 1955 e Ve, Uik U pretors, Sokth A
o o o oo comany Nagoya Univ, Japan QECD, France” N2 Chung Hsing Univ, TaiwanZdailowa State Univ, LiBlund niv, SwedeiRUniv Bordeaux, France CIRAD, Frange: Basi Fn, Netherands™—~"grARENA ArtgfUniv Stellenbosch, South Africaznde & N, Austia
Dalian Univ Techno, Peoples R China Australian Dept Agr Fisheries & Food, e UQCHQ‘SW"JRBGGUSA Univ Munster, Germany
mfChinese Acad Agr @iNati Taiwan Univ, Taiwan Nor western Uniy, USA 4 INRA, France
a ance:A Consultants, Denmark

Bou‘dcr \V"ﬁé”ptiUmV Ontario Inst Technol, Canada
““‘:E‘A,lh‘ﬂnumv Kcntucky USA
o BRI S Flonde, USARTBlcnegi, st

A

Swansea Univ, UK
ESU Serv Ltd, Switzeriand

UNRISD, Switzerland

8 Upiv S3& Techol Chin, Peopls R g

Dakota State Univ,. @ RgroarisTech, France

European Cmiss, Begum
05 Ragi 1o e oy
2

Ming Chi Univ Technol, Taiwar-

penn State Univ, USA & Forestry S, Peoples R China
Qak Ridge Natl Lab, USA

Infinite [mzvmes Lc, USA/
Caif Polytech BUDY Leeds, UKs Luis Obispo, U
AppI Botechnol inst, USA_ /
Colorado State Uni, A
Arkansas Slate Univ, USA”

& Cotion Ing, US4,

Michigan State Univ, USA
Joint Nat Conservat Corm, UK
Univ Edinburgh, UK | N \DHWW Univ, Japank Forest Prod Res Inst, Japan

el Free Bioinovat Inc, @ Henan AqrUni, Peoples R China
Nt Hist Museum, UK >C' GHf Univ Calff Davis, USA

a1 5D
-Aberystwyth umv, L‘Wuv edish Enn
Virginia Polytech Inst & State Unlv, USA

Univ New S

China Agr Uriv, Peopies R China
wmmm Romaria
ap Acad 5, Bulgaria
Acad Romana, Romania
s Cryobiol & Food Technol, Bugaria

SC SIAT SA Informat Sy st Automat Buchare:

ales, Australa

Univ Tennessee, USA

mNatl Chem 35

Romania

Univ Lancaster, UK"
g Angia Rusiir Univ, UK
‘Gate Fuels Inc, USA

York Univ, Canada—grOpen Univ, UK

@Un New Brinom ck, Canada rgina Tech, USA

NoRest 2016 Klitkou: Competing visions for the transition to the bioeconomy

NIFU



Research design and data — Literature review

® Included papers should focus on conceptual
aspects of the bioeconomy

® Analysis of bioeconomy visions that result from
academic analysis of the actions of
policymakers, industry actors, etc.

Screening of 110 abstracts
Selection of 65 papers for further analysis

Database of these articles summarizing main
characteristics regarding research objectives,
methods, central concepts, sectoral and
geographical scope and conclusions

® All articles read by at least two researchers and
characteristics developed in collaboration

® Synthesis of analysis and developing three
ideal type visions of the bioeconomy
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What means ideal type visions?

® Ideal type visions focus on important
characteristics of these visions, such as aim

and focus, concepts for value creation in the ) S
bioeconomy and drivers & mediators of ’ L
innovation in the bioeconomy ay

® |Individual papers included in the analysis do
not necessarily subscribe to one of these ohse
visions.

® Aim: identify the key interpretations of the
bioeconomy concept, which are put forward
in the academic literature.
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ldeal type visions of the bioeconomy

® A bio-technology vision emphasises the importance of bio-technology research i-'-ﬁl |
and application and commercialization of bio-technology in different sectors.

® A bio-resource vision focuses on the role of RD&D related to biological raw
materials, as well as on the establishment of new value chains. A’

® A bio-ecology vision highlights the importance of ecological processes that
optimise the use of energy and nutrients, promote biodiversity and avoids
monocultures and soil degradation.
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The bio-technology vision

® Aims & objectives:
Economic growth and job creation

® Value creation:
Application of biotechnology, commercialisation of research and
technology

® Drivers & mediators of innovation:
R&D, IPR, TTOs, Research councils and other funding agencies
Technological progress will solve resource shortages and waste no issue

® Innovation model:
Science push — linear model of innovation

® Spatial focus:
Global clusters and central regions
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The blo-resource vision

® Aims & objectives:

Economic growth and sustainability - ’

® Value creation:

Processing, conversion and up-grading of bio-resources (process
oriented), cascading use of biomass, prevention of organic waste

® Drivers & mediators of innovation:
Interdisciplinary, improve land productivity, use and availability of bio-
resources, waste management, engineering, science & market, cross-
sector collaboration

® Innovation model:
Interactive and networked production mode

® Spatial focus:
Rural and peripheral regions - importance of external linkages
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The bio-ecology vision

Aims & objectives:
Sustainability, conservation of eco-systems

Value creation:
Development of integrated production systems that prevent soil degradation,
and promote biodiversity, provide ecosystem services and high quality
products with territorial identity

Drivers & mediators of innovation:

|dentification of favourable agro-ecological practices, ethics, risk perception,
transdisciplinary research, ecological land use, waste prevention, re-use &
recycling of waste

Innovation model:
Circular and self-sustained production mode

Spatial focus:
Rural and peripheral regions - development of locally embedded economies
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Conclusions 1

® The visions interrelate to each other.

® Overlap of bio-technology vision and bio-resources vision allows
complementary strategies in terms of applying biotechnology to localized
bio-resources and domestic upgrading.

® Bio-ecology vision and bio-resource vision have focus on sustainability,
waste recycling and spatial focus on rural regions in common.

® Concerns regarding unsustainable consequences
of the application of bio-technology on the
biosphere.
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Conclusions 2

® Bioeconomy discourse rather young and encompasses several sectors
and many scientific disciplines.

® Less focus on systemic contributions of the emerging bioeconomy to
address grand challenges!

® System optimization vs. system change
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