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Transformation in R&D and Innovation Processes
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From linear to — Reiterative innovation
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From exchange-based innovation to — Co-creation in innovation

‘ From innovation projects to - Common innovation cultures

EUA STUDY The Role of Universities in Regional Innovation Ecosystems
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Resolving Systemic Challenges with Transdisciplinary A\pproéches | > & ‘;Q/
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Transdisciplinary approaches are necessary to resolve systemic challenges in environmental and
socio-economics systems and make progress towards the direction of sustainable development.

Inclusive, resilient and
sustainable future
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TUBITAK in the R&D and Innovation Ecosystem

e Comburyets
SAMAYIVE TERROtOs BaxANuG TUBITAK

» R&D infrastructure support in scientific and technological areas

1. Funding R&D and Innovation

2. STI Human Resources Development

3. Science and Society Activities

4. Performing R&D

5. International ST&I Cooperation

\J

The flagship institution of science,
technology and innovation celebrated
the 57" anniversary on July 24, 2020

Establishment: 1963

TUBITAK MAM
Marm Reuan:n can B

» Establish research centers and institutes in strategic areas
to strengthen the technological infrastructure of the country

» Work in coordination with the Presidential Policy Boards 23

on scientific and technological R&D activities INSTITUTES ~4.§3R20|:1E:EE:RCH



Directing Our Policy Tools Towards Achieving Impact

Stronger Focusing on R&D and Innovation Outcomes & Impacts

* National Target Oriented Outcomes

* Transformation of Outcomes to Social and Economic Benefits
More targeted

« New Knowledge and Human Resources for Co-Creation

Collaborative Two Key Concepts

interactions

High value Qutcomes and Impact

added

Societal and
economic
benefits

"Succeed
Together"

Impact oriented co-creation models
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Mobilizing the R&D and innovation accumulation within the scope of co-creation models

Co-Creation Based o , New evaluation incentive for proposals Co-Creation Oriented
Priority R&D topics addressing the European Green Deal

New Knowledge incentive also in bottom- Human Resources

R&D, Innovation
up programs and Ecosystem GSE?:
- Academia Industry - Support \ International Fellowship Program for \
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127 outstanding researchers from 21 countries
are pursuing impact with R&D projects in Turkey
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TUBITAK High Technology Platforms and Mechanism
» 9 platforms are implementing Strategic Research Programs
« Integration of EU institutions and industrial firms
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Providing an attractive arena for frontier research

« SME Support for Demand Based with a new national frontier research scheme

R&D Projects (Order R&D)

» Supporting Patent-Based Technology
Transfer (Patent License)
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RAISED TOGETHER



Impact Oriented National Co-Creation Models in the Ecosystem > & O
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- Academia Industry -
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INSTITUTIONS AND . Solar Energy : -
COMPANIES FROM Treatment Technology

OUR ECOSYSTEM

Pan-Cancer
Therapy technology
; CO-CREATION WITH
FOCUS ON OUTPUT
AND IMPACT
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Personalized W EEIE ‘

Medicine Technologies

Technology /
Commercialization

Road
1_7 Smart City el

CURRENT NUMBER OF EU Technologies
PARTNER INSTITUTIONS

SAYEM 2. Phase
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Outstanding Research Fellows Are Integrated With the E\co.syistem f > &5 7
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P Germany: 9

United States: 58

127

OUTSTANDING

RESEARCHERS
IN THE FIRST CALL

Australia: 2
— Austria: 1
~ China: 2 Turkey: 127
Denmark: 1

France: 5
= |ndia: 2

[" Netherlands: 8

Research Projects are Being

Transformed into Impact ’
England: 16

140
&2
Spain: 1 % 120
= Sweden: 4 §
= Switzerland: 3 & 100
(@]
ltaly: 2 S 80
) c
Japan: 2 g 60
= Canada: 4 3
= Malaysia: 2 S 40 — Q
()
Norway: 1 £ 20 ) New 2021 call for Outstanding
Russia: 1 2 Researchers (Across All Sectors)
- Singa_pore:.2 0 Launch of Call: March 2021
— Saudi Arabia: 1 " Experienced Researcher + Closure of Call: June 2021

Uluslararasi Lider Arastirmacilar Programi

B Early Stage Researcher

Source: TUBITAK <https://tubitak.gov.tr/tr/burslar/doktora-sonrasi/arastirma-burs-programlari/icerik-2232-a-uluslararasi-lider-arastirmacilar-programi>
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Co-Creation Oriented Human Resources: Industry Doct(ﬁte Prog-Fam\ i A

Human resources that will contribute to co-creation are raised in areas that are demanded by the industry
with university-industry co-advisors and additional support for the employment of doctoral researchers!

244
~.“" Ssanayl Doktora Programi

= 1162 80

DOCTORATE UNIVERSITIES INDUSTRIAL " PROJECTS WHERE QUALIFIED

HUMAN RESOURCES WILL BE
RAISED TOGETHER

STUDENTS FIRMS

Source: TUBITAK <https://www.tubitak.gov.tr/tr/duyuru/2244-sanayi-doktora-programinin-ikinci-cagri-duyurusunun-sonuclari-aciklandi>




Supporting Scientific and Technological Advances Through C?'o-Cfeat_!o‘ﬁ

The COVID-19 Turkey Platform is accelerating R&D and innovation processes based on co-
creation and the mtegratlon of new opportunities based on emerging technologies.

o= W
T COVID -19 TURKIYE Platformu

ACGCELERATING R&D AND INNOVATION
WITH CO-CREATION

AND EMERGING TECHNOLOGIES

RESEARCHERS
Q DIFFERENT
:D 118 researchers from 32 universities leTlTUTlQNs

» 67 researchers from 9 public R&D units

Public R&D
Unit, 9

Genetc Engineering &
Biotechnology Institute

38 researchers from 8 private sector firms 7

Virus-like particle
vaccine candidate

is starting Phase 1
clinical trials

» 213 scholars including 167 STAR scholarsJ

IMMUNITY ORIENTED

F VACCINE

17 < PROJECTS
) PROJECTS “,:;"gé’gg,:

‘ Drug Repurposing

. Gene Sequencing

Sharing of resources and human resources
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Global View of International Scientific and Technological Cooperation > & 7
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Bilateral Cooperation with 63
Countries — 89 Institutions

» Joint Research and Innovation
Projects, Scientific Activities,

- A Researcher Exchange

C *,

é’f'J : |  Additional cooperation with more

7 0- mpact -

& Greston TogethEl than _100 count_rles through
multilateral unions & platforms

* 548 Ongoing International
Cooperation Projects

TUBITAK - National Science and Technology
Development Agency (NSTDA) MoU signed 2018

(2019 Call: Food security, Biodiversity, and 10T)
(2020 Call: Food security, Biomedicals, Sensors)

»

New agreements
and calls
continuein 2021

Countries with bilateral cooperation

Countries without cooperation

Number of Agreements

BEFORE 2009 2014 2015 2016 2017 20 2019 2020

=@==Number of Agreements =0=-Cumulative Number of Agreements



Co-Creation Solutions in the New Normal Order Towards Post COVID 19 @' N/
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Previous Feature Transformed Feature

Linear innovation — Reiterative innovation v" Providing speed to R&D and innovation-oriented solutions

Closed innovation — Open innovation v"Inclusion of necessary resources in R&D and innovation processes
Technology-driven innovation — Systemic challenge driven innovation v’ Combatting the challenge in a multi-faceted manner

Individual innovation — Cooperative and multi-disciplinary innovation v°  Actors coming together for more effective solutions

Spontaneous innovation — Systematic innovation v Emphasis on the importance and urgency of strategic approaches
Innovation focused on knowledge transfer — Co-creation based innovation v Emphasis on common processes leading to the path to success
Innovation projects — Innovation culture v' Ensuring that a sustained paradigm shift takes place

Source: Mandal, H. (2020) R&D and Innovation Approaches‘r?'r:d-Go-‘Cre_atiion. Solutionssin‘the N_eV\7 Il\lormql Order ' .
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SANAYI VE TEKNOLON BAKANU

As policies, instruments and mechanisms to support progress towards SDG12 is increasing,
It is important that these policies are supported with co-creation based R&D and innovation.

worto Q S| @|n|B| @ @

Indicator Countries with policies, instruments and mechanism ir = ﬁ

Number of policies, instruments and mechanism in place for sustainable consumption and production

Source: SDGs Dashboard <https://www.sdgsdashboard.org/>



Transformation in R&D and Innovation Can Transform Material Us’e
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Within this decade, there has been a 17.4% increase in the use of natural resources with the global
material footprint growing from 73.2 billion metric tons in 2010 to 85.9 billion metric tons in 2017.

100

80

1 RESPONSIBLE
CONSUMPTION
AND PRODUCTION 60

SN .

20

NEED FOR
CIRCULAR
o IB ECONOMY
Metal ores Fossil fuels Biomass Non-metallic World PRINQIPLES

minerals

2010

2017

Source: SDGs Report 2020 <https://unstats.un.org/sdgs/report/2020/goal-12/>



Another common indicator for SDG12 based on the electronic waste recycling rate further requires

progress based on R&D and innovation for shifting the direction of electronic waste generation.
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Indicator Electronic waste recycling rate | Percent | Total ~ ﬁ

Electronic waste recycling rate by country (%)

Source: SDGs Dashboard <https://www.sdgsdashboard.org/>



Towards Sustainable Consumption and Production with Co-Creation
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Electronic waste is projected to grow to ~110 million tonnes by 2050 while a proactive pathway that
brings together technoloqy, policies, management and users can effectively reduce these impacts.

Million tonnes Global total ~110

million tonnes (2050)

120 V

100
80 Global total ~58
million tonnes (2020)
CD
60
40

,» I [
)
|

2010 2015 2020 2025 2030 2035 2040 2045 2050

Bl REF: countries from the Reforming Economies of Eastern Europe and the Former Soviet Union
Bl |AM: countries of Latin America and the Caribbean
B MAF:  countries of the Middle East and Africa
[ OECD: OECD 90 and EU member states and candidates
ASIA:  Asian countries with the exception of the Middle East, Japan and Former Soviet Union states

Source: Parajuly, K. et al. (2019), Future E-waste Scenarios / United Nations University - STEP Initiative
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Existing Situation and the Need to Transition Towards a Circular Economy © >
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Rather than linear approaches where materials are produced, used and disposed, processes
that are based on the circular economy approach and biomaterials are needed for the future.

Example: Plastics ( \
Primary production In-use stocks Discarded
8300 2500 primary 4900 Synthetic Plastic Problem:
Dominance of synthetic materials: k. Plastics that are in-use 2.6 Gt
. . i in-u :
. - i -—
* Availability ) R 4600 ( /'>\ (primary and secondary stocks)
- Flexibility Unit: Million - ) S 2 - Burned 0.8 Gt
. metric tonne ! :
* Durability (Mt) o 300 ' * Plastics that are discarded as
. Light-Weight : 700 7 un-usable waste: 4.9 Gt
- Incinerated
500 100 800

» Economic Applicability
4 100

Total synthetic plastics used between S J
the years 1950 - 2015

A clearer picture ot plastics

Humans have created about 8.3 billion metric tons of plastics to date, outgrowing all man-made
materials other than steel and cement.

8.3 billion metric ton (Gigaton, Gt) - How heavy is 8.3 billion metric tons?
. - 822,000 X 25,000 X 80 MILLION X 1 BILLION X
* Before 2015: 6.3 Gt \ & THE EIFFEL TOWER EMPIRE STATE BLUE WHALE ELEPHANTSm
' metric tons BUILDING 1045 R 75 metric
- 2015-2017: 2.0 Gt - \ i ' oammenctr 1 | asto i ~ e
. melric tons)

Source: Geyer vd. (2017), Production, use, srp "
and fate of gll plast(ics ev)er made, Science The rapid rise of plastics
’ A world without plastics seems unimaginable
Advances 3(7): e1700782. today, yet their large-scale production and use
only dates back to around 1950.

GLOBAL PLASTIC PRODUCTION ESTIMATES

Sustainable materials that increase the
possibilities for a circular economy approach?

Picture Source: https://phys.org/news/2017-07-billion-metric-tons-scientists-total.html



Building the Circular Bioeconomy of the Future with R&D and Innbvatlon

The ability to remain within the ecological boundaries of our planet by decoupling economic
growth from environmental pressure depends on the realization of a circular bioeconomy

mhuiyet
SANAYIVE TERNOLON BAXKANUGH

Sy
New business models to 7~ ? ‘%&'—:“v
decouple prosperity from - L v
the consumption of - Y chomioas °'°°"°'9Y
. P Packaging  BIOPRODUCTS ~ ““*°%UM8 | ocign aloprz'oohéggme
products in all sectors
& .
J Pharmaceuticals Tils recycle % —D’ Su:.t;:'n‘:\;:m
/ reuse Food o
reduce %.
/. 3
2 3
£ Ao 3 L
2 = SOCIETY wamence g
= MARKET VALUES o - .
2 S 8T Vo O Example Biomaterials
% WELLBEING PROSPERITY Fisherios &  pROVISIONING
8 Educational aquaculture e pyICES
?3 Ecosystem Karoforesk . :
3 sosnonc B it o8 groforestry Nanocellulose — Five times stronger
N3 Lo SUTURAL  ™ogtoration 4 five times lighter than steel
% Spiritual I j sWummlr REGULATING 5
Recreational 3 PRy SERVICES
W > al Disease  «Flood
¥ RENEWABLE regulation control
@ NATURAL CAPITAL
<
Q
<

Source: WEF (2020) / European Forest Institute (2020), A 10-point Action Plan for a Circular Bioeconomy
of Wellbeing <https://www.weforum.org/agenda/2020/10/circular-bioeconomy-nature-reset/>

8o

ECOSYSTEM
FUNCTIONS

Sustainable, regenerative
and circular forestry or
feedstock systems

Wood-based textiles — Five-times lower
carbon footprint than plastic fibers

Cross laminate timber — Alternative to

concrete and steel in urban development
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Recent Scientific Landscape on Circular Economy and Bioeconomy @ﬁ; 4
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The scientific landscape on circular economy, bioeconomy and zero waste includes a wide
spectrum of contributing topics from critical raw materials to supply chain management.

 Critical raw materials
* Metal recovery
+ Electronic waste
» Electronic equipment
» Plastic recycling

* Supply chain management

* Wastewater treatment y O + Manufacturing

0
2
o
=
Q
o
S
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* Biochar ¥ » Alternative energy
* Pollutant removal . * Supply chains

so1do] a|dwex3

utrients | an ecor « Environmental impact

* Chemical industry

Originally drawn based on SCOPUS
advanced search with keywords of
biobased economy, circular economy,
green economy or zero waste as
included among SDG12 keywords.

The search is limited to the most recent
2021 article and review publications.
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Co-Creation Across the Ecosystem Is Necessary for Reailizingj Impact & "
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The effective use of raw materials, opportunities for material recovery from waste and shifting
supply chains towards more sustainable sources requires changes in collaboration approaches.

+ Critical raw materials in
Recovery of electronic equipment

existing raw
EVEETS « Renewable energy
technologies and batteries

Raw Materials
and Biobased
Materials

== Universities

P

Resource Value-Added _—
Efficiency Utilization 1 ~ Sector

* Reduction of fossil-

Material fuel based materials

substitution
towards
biomaterials

* Restructuring of supply
chains and demands

Government

Value-Added Recovery Society
Utilization x and Reuse

N

* New opportunities

Circular for utilization

reuse and

Building a Circular recovery of N n A ’

£ T h aterials ew approaches o
conomy Jlogether for zero waste

with Co-Creation
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Enabling transitions towards a more circular bioeconomy to capture multiple co-benefits for the
environment and society will require support from multiple disciplines engaging multiple sectors.

Distribution
of disciplines

= Environmental Science
= Energy

= Engineering

= Business, Management and Accounting

= Social Sciences

@ Share of disciplines
@ (%) supporting

biobased economy,
green economy or
zero waste
I (2021)

circular economy,
Source: Based on SCOPUS 2021 articles and review
publications with the keywords biobased economy, circular
economy, green economy or zero waste (total 1,205).

= Chemical Engineering

= Materials Science

= Economics, Econometrics and Finance
= Chemistry

= Agricultural and Biological Sciences

= Other

Transition

Distribution
of sectors

Sectors

Advanced manufacturing
Aerospace

Agriculture, food & beverages
Automotive

Aviation, travel & tourism

Banking & investors

Chemicals & advanced materials
Electronics

Energy & utilities

Health & healthcare

IT & digital communications
Infrastructure & urban development
Insurance & asset management
Media, entertainment & information
Mining & metals

Oil & gas

Professional services

Retail, consumer goods & lifestyle

Supply chain & transportation

Circular and resource-efficient models for materials

Nature-positive metals and minerals extraction
Sustainable materials supply chains
Nature-positive energy transition

:
L

Sector role in transition

. Principal’

resource-efficient

models for materials

Nature-positive

metals and minerals

extraction

Sustainable materials

Enabling®

a|

supply chains

Nature-positive
energy transition

(3S)

Sectors with Principal Roles

Advanced manufacturing

Agriculture, food and beverages
Automotive

Chemicals and advanced materials
Electronics

Energy and utilities

Infrastructure and urban development
Mining and metals / oil and gas
Retail, consumer goods and lifestyle

Supply chain and transportation

./

Source: World Economic Forum (2020), The Future of
Nature and Business (New Nature Economy Report I1)



Environmental and Socioeconomic Co-Benefits of a Circular Bioeeonomy @
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The transition to a circular bioeconomy based on resource efficiency, sustainable supply chains
and biomass with carbon capture and storage will provide new revenues and jobs by 2030.

Circular and
resource-efficient
models for materials

Nature-positive
metals and minerals
extraction

Sustainable materials
supply chains

Nature-positive

energy transition

Opportunities for sustainable

development: 3.5 trillion $
revenues by 2030

v

Total business
opportunities by

transition in 2030
$ billions!

Total jobs by
transition in 2030

Millions
T~

Opportunities for sustainable

development: 87 million job
opportunities by 2030

2 Y. o
%) S X
O @ e ¢ O @
NS 2 S .0
&S SN o O .0
$0.0 & P& FS
» &P Ro L2 l&
SR\ @ F o @
SN PP T S RN RN
&P IS P IO

Total
87

Economic growth can be decoupled from

environmental pressure with new solutions.

Source: World Economic Forum (2020), The Future of Nature and Business (New Nature Economy Report I1)
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We Can Shape the Solutions of the Future with Impact Oriented Pr—ocesé“e
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Advanced manufacturing ) ’;///I‘\\\\\\\

Sustainable environment

Neuroscience and
drivers of obesity

conversion
processes for
clean and

safe energy

Protein chemistry and
protein engineering

Impact

Software

process of
fuzzy logic
and smart
cities

Climate
change
and lake
restoration

Industry 4.0 / predictive
maintenance systems

Avrtificial
. intelligence,
Bl medical robots
and capsule
robots

Thermoelectric
materials and
modules

Machine
learning and
data analysis

g Health and well-being

Cellular energy
metabolism

IS e —

Digital transformation
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We Need a Future of Co-Creation to Achieve a More Sustainable Future!
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