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Academic-Industrial Collaboration

four Trends

Public debate From bilateral

about more technology projects
transparency and to mulitlaterial

participation innovation networks

Trends

Relevance of Universities as Open science and innovation
industries’ collaboration culture as a new paradigm
partner is declining

Berlin, 20 September 2018 Societal Impact of Academic-Industrial Collaboration



Societal Outcome of Collaboration

Key questions to debate

»

»

»

»

»

»

How can we strengthen the transfer potential of universities across all disciplines?
How can we create value fir industry and society?

What is openeness in research and innovation, where does it end, and how does it

contribute to value creation?

How can universities benefit from as well as contribute to innovation ecosystems and

networks?
Do we need new rules and regulation flir openess and multilateral cooperation?

How can we measure collaboration outcome?
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; B__unc[esministerium H I G H T EC H
R | i STRATEGIE

Képfe. Kompetenzen. Innovationen.

Research and Innovation for the
People.

The German ,Hightech-Strategie 2025 and its Societal Impact

MinDir Matthias Graf von Kielmansegg
Director-General

Policy Issues, Strategy, Digital Transformation
Federal Ministry of Education and Research

AESIS seminar in Berlin, 20t January 2018

www.bmbf.de



far Bildung

und Forschung STRATEG I E

Koépfe. Kompetenzen. Innovationen.

* I Bundesministerium H I G H TEC H

Research and Innovation Policy
with a Future Perspective

Stadtund 5,
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Gesellschaftliche
Herausforderungen

3 flelds of action

1 1 Zukunfts- I tions- und
12 m I S S I O n S komup:tnenszen n\l;vc‘:x‘g’;anilfknuslt:..ll:1

AESIS seminar in Berlin, 20th September 2018 9



* Bundesministerium
far Bildung
und Forschung

HIGHTECH
STRATEGIE

Koépfe. Kompetenzen. Innovationen.

Future needs: our three fields of action.

Societal Germany's future
challenges competences

= Health and Care

= Sustainability, climate
protection and energy _ -

= Mobility = Filled technology pipelines

= City and Land = Modern teaching

» Being at the forefront of
technological progress

= Security = Strong vocational training
= Economy and Labor 4.0

= |International exchange

» Making use of the social
sciences

AESIS seminar in Berlin, 20th September 2018

Open innovation and
venture culture

= Open innovation culture

= Social innovations

= Breakthrough innovations

» The state as a driver of
innovation

= Innovative power of SMEs

= New entrepreneurial spirit

= Cooperation/networking

= European and
international innovation
partnerships



R I fir Bigung HIGHTECH
und Forschung ST RATEG I E

Képfe. Kompetenzen. Innovationen.

The implementation of HTS 2025:
Coordinated. Learning. Looking ahead. Participative.

Self-learning
research and
innovation strategy.

Coordinated research
and innovation policy.

Science
communication and
participation.

Evaluation and
foresight.

AESIS seminar in Berlin, 20th September 2018 11




In%rdBli:lgrlggﬁu ng ST RAT E G I E

Koépfe. Kompetenzen. Innovationen.

% I Bundesministerium H I G H TEC H

Towards an open innovation culture —
mission ,,New Sources for New Knowledge*

* Measures in the
High-Tech Strategy 2025
Open Access increasingly address the
Open Science interface between science,
Open Data iIndustry and society aiming
Open Innovation at better collaboration

AESIS seminar in Berlin, 20th September 2018 12




AR | forsiaung HIGHTECH
und Forschung ST RATEG I E

Képfe. Kompetenzen. Innovationen.

Funding programme Innovative Hochschule

O o o, .
* Focused on “third mission” activities

=
(i. ® ‘ « Strengthening the strategic role of
A N higher education institutes in their
' regional innovation systems

« 550 million euros for two funding
periods up until 2027

« Co-funding from the Federal level
(90%) and Lander Governments
(10%)

« 29 applications with 48 higher
education institutes selected for the
first funding period

Picture: PtJ 2017

AESIS seminar in Berlin, 20th September 2018



R | sidong HIGHTECH
STRATEGIE

und Forschung
Koépfe. Kompetenzen. Innovationen.

Measuring the impact of science ...

 Demand for new approaches
In monitoring (indicators) and

evaluation
on the society ana « BMBF already started to cope
on people's live! with this need

14

AESIS seminar in Berlin, 20th September 2018
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From molecules to medicine to integrated solutions:
The long process of drug development

Drug research Preclinical tests Approval Integrated
v)—J\ Healthcare Solutions
20

I

0\\5//0 o A T 0 O :ﬁJQ O
Boa N e = S

Devices

From approx.

4mi|lion approved by
Health

compounds,

up to 10,000 are further Authorities
tested and optimized < 5 Testcompunds

Test compounds

Diagnostics
Digital Health/

Apps

17 e Forschungskooperationen ¢ Matthias Gottwald, Bayer AG e 20-09-2018



External Innovation —
) Role in global Research & Development

One company only represents a small
portion of the global biomedical
knowledge

e
Global life y . BlaleRe

sciences F&E
> 300 Mrd €

18
18 e Forschungskooperationen e Matthias Gottwald, Bayer AG ¢ 20-09-2018



Partnerships deliver essential input

- X
.Y ]
‘ﬁ ! i
\ "
Strengthen networks and
Are key to achieve exchange of expertise in core
Breakthrough Innovation areas
K :, y - a ;5.3:
X o
Access to assets Allow to pursue highly complex and
complementing innovative projects that the single
internal research and partners might not have moved
development forward

19 -~
P
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Flexible Partnering Models

@ Match the needs of partners

Strategic alliances . _
/ Joint labs .\ Shared Crowd sourcing

Incubator

labs

Multiple
projects

/

d
Consortia ‘

BA

Joint research / \
Individual

ER

m<>m

VC investments

Assets
transition

project

Outsourcing Licensing

20 e Forschungskooperationen e Matthias Gottwald, Bayer AG ¢ 20-09-2018



Flexible Partnering Models

Strategic Alliances

Strategic alliances

Joint labs ‘\ Shared Crowd sourcing
labs

Incubator

Multiple
projects

d
Consortia ‘

Joint research VC investments

Individual
project Assets

transition

Outsourcing Licensing

e Forschungskooperationen ¢ Matthias Gottwald, Bayer AG e 20-09-2018



. Strategic Alliances

BAYER

: Example Cooperation Bayer — DKFZ

Bayer and the DKFZ formed a long-term Strategic Alliance in Oncology in 2009

Combining deep knowledge >40 joint projects initiated
on molecular mechanisms of

cancer at the DKFZ with
Bayers pharma R&D expertise Develop innovative anticancer
therapeutics Joint Immunotherapeutics
Lab started 2013

2 compounds reached Clinical

Phase |

22 e Forschungskooperationen ¢ Matthias Gottwald, Bayer AG e 20-09-2018



Flexible Partnering Models

Consortia

Strategic alliances

Joint labs ‘\ Shared Crowd sourcing
labs

Incubator

Multiple
projects

e
Consortia ‘

Joint research VC investments

Individual
project Assets

transition

Outsourcing Licensing

e Forschungskooperationen ¢ Matthias Gottwald, Bayer AG e 20-09-2018



Consortia
Example Innovative Medicines Initiative (IMl)

Worldwide largest public-private partnership in

24

EU Commission and the European Pharmace

Establishing critical mass consortia to make drug R&D
processes in Europe more innovative and efficient and to
address key societal challenges

* Addressing topics no single partner would address alone,
e.g. big data in healthcare, patient engagement in R&D

* Projects across value chain from discovery to healthcare
delivery and access models

* |Interaction with various stakeholders
(incl. patient groups, authorities)

e Forschungskooperationen ¢ Matthias Gottwald, Bayer AG e 20-09-2018

@

Partnership
2008 - 2024

efpia

€2.5 bn



IMI establishes multi-stakeholder consortia offering

critical mass & diversity

IT IS ALL ABOUT NETWORKS...

Academic

25

* open collaboration on shared challenges; joint
decisions

* increased efficiency, shared risked

* international cross-sector community;
integrating latest science into drug development

} Addressing topics no single partner would address alone

7

Regulators

Patient
orgs

~100 consortia >12.500 researchers

e Forschungskooperationen ¢ Matthias Gottwald, Bayer AG e 20-09-2018




Big Data for Better Outcomes (BD4BO)

Cardiovascular diseases
Leukemia & Lymphoma
Prostate Cancer
Alzheimer
Big Disease Data cohorts... ... to transform Patient Care
Clinical data - @ Clinically relevant phenotypes
,Omics” EHR Prescriptions -
Genotyping Biomarker Phenotypic data
GWAS

Cytogenetics

ooooooooooo" @
[ ] Py ° o .
[ ]
Immunofluorescene
[ ]
[ ]
[

Standard disease definitions
and outcomes

o... ..0.\
. "-.. @ Tools to predict clinical outcomes
: N

@ e Optimized decision-making
Patient

processes and new therapies
stratification

/4 \
Drug @ G
development

Risk prediction

26

e Forschungskooperationen

Matthias Gottwald, Bayer AG ¢ 20-09-2018
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BD4BO projects in oncology and cardiovascular research

BigData@Heart

BigData@Heart

e Heart failure
e Atrial fibrillation
* Acute coronary syndrome

3 EFPIA

14 public partners
2 SMEs
1 ,third party’

20 project partners

27

PIONEER

PIONEER

* Prostate Cancer

6 EFPIA
26 public partners

32 project partners

HARMONY

* Seven fields of Hemato-Oncology
(e.g. several types of leukemia)

7 EFPIA

52 _ 40 public partners
project partners 4 SMEs

1 ,third party’

-

Improve medicinal Research and Development by

* Classification of disease subphenotypes
* Better design of clinical studies
* Personalized medicine

* |dentification of the most promising
treatments

e Forschungskooperationen

e Matthias Gottwald, Bayer AG e 20-09-2018




Summary and Conclusion

[ | i — i . . . .
Partnering — complementing Requirements for a successful academic-industrial

internal excellence —is a key to collaboration

success for addressing the Quality

chaIIenges in healthcare * Ensure reproducibility of scientific results (quality of targets, animal
models,...)

* Ensure adequate IP protection before publication

B There is no one-size-fits-all

solution; for each goa| the right Understanding requirements for development of an asset

* E.g. data / tests needed for a validated target, hit, lead or preclinical

partnering model has to be found development compound

B Governance structure of alliances Pragmatic administrative processes for negotiation

* Reasonable understanding of realistic financial and IP terms

should include professional alliance . o o
* Allowing access and collaboration with an institutional network

management from the beginning. across several institutes

Joint, transparent governance structure & communication
processes

28 e Forschungskooperationen ¢ Matthias Gottwald, Bayer AG e 20-09-2018
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Thank You!
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Stimulating & Measuring Outcomes of

Academic-Industrial Collaboration

Dr Alison Campbell OBE RTTP

eeeeeeeeeeeeeee

Berlin, 20 September 2018



Do outcomes matter?

/ Brilliant surgew!\

| Well done! A
\ Shame the patient 5

‘\ died. .

32



Key components
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National policy

Ireland’s policy for research commercialisation includes:
* Maximise the economic and societal benefits and returns to Ireland from its public investment in research.

* The opportunity shall be taken to commercialise such IP in all possible fields, applications and territories
where it is consistent with achieving Ireland’s objectives.

* All enterprises, from start-ups and small and medium enterprises (‘SMEs’) to multi-national corporations,
should be able to access and exploit IP quickly, on terms that provide fair value to all parties, and in ways
that are predictable and consistent from one negotiation to the next.

* Commercialisation shall also benefit the Higher Education Institutes and State Funded Research
Organisations (“Research Performing Organisations”, RPOs) and provide incentives to the researchers
involved in creating the IP.

Full policy objectives in Chapter 1 of national IP Protocol

35



National Strategy

R&D Strategy Higher Education Strategy

INNOVATION

. Key system objectives for the
i higher education system 2018 —

US| 2020

U . .

etk 5 e 3. Excellent research, development and innovation
e ' P ":3, : that has relevance, growing engagement with
S L ied - external partners and impact for the economy and

o "‘ society and strengthens our standing to become an
= Innovation Leader in Europe
EXCELLENCE TALENT IMPACT
strategy

Ire ch and development, s e and technology

36



Benefits of knowledge/technology transfer

For HEIs

Dissemination of research
results

Further development of
research & expertise

Access to real world
problems

Leveraged research funding

For industry & HEIs

Skills and talent
development

Access to new knowledge

Access to facilities and
resources

Creation of new knowledge
and publications

Ability to recruit and retain
good people

Reputation

Revenue

37

For industry
New products and services

New processes or process
improvements

More competitive
Company growth
Sustainability
Jobs



Benefits of knowledge/technology transfer

For HEIs

Dissemination of research
results

Further development of
research & expertise

Access to real world
problems

Leveraged research funding

For industry & HEIs

Skills and talent
development

Access to new knowledge

Access to facilities and
resources

Creation of new knowledge
and publications

Ability to recruit and retain
good people

Reputation

Revenue

Impacts on society and the economy

A happier, healthier and richer public & environment

38

For industry
New products and services

New processes or process
improvements

More competitive
Company growth
Sustainability
Jobs
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In 2017

164

LOAs to RPO
intellectual
property signed

82%

of companies that
signed collaboration
agreements with
RPOs were based

in Ireland

24

new products and
services were launched
on the market in 2017
as the result of a
licence from an RPO

1,324

live research
collaboration
agreements

with industry

21

new spin-out
companies
were formed

E”%EI
(o] M1 (o]

116

new patent
applications were
filed by RPOs

o

670

new consultancy
services agreements
signed

®Q®°

94%

collaboration
agreements with
the SME sector were
with Irish SMEs

455

new invention
disclosures

m

spin-outs thriving
at least three years
post-incorporation
at the end of 2017

B
mlm

€563m

RPO research
expenditure

915

jobs in Active Spin-
out Companies

E]l%lﬂ
(o) - [

K

nowledge Transfer Ireland

KTI REVIEW AND
ANNUAL KNOWLEDGE
TRANSFER SURVEY 2017

Supported by

ENTERPRISE
IRELAND

IRISH
UNIVERSITIES
| aszcetarion

40



HEA|essorousmonrs //

Higher
Education
System

Performance
2014-2017

=)  System Objective 4

Excellent Public
Research System

Third Report of the Higher Education Authority .
to the Minister for Education and Skills

41






KTI

Knowledge Tran:lev Ireland

Powervation - University of Limerick
spin-out operating as a subsidiary of a
multinational company headquartered
in Cork accessing global markets

KTI REVIEW AND it i
ANNUAL KNOWLEDGE T razos
TRANSFER SURVEY 2017 Company formad 2008

Farst invastmant 2006
Acquesition 2015

Summary
POWS /3000 & 3 ©33Ng NNOVEROT In AGIal POWeT Controliers R rving high
PeTFOFMENCE COMEUNNg, coud 3G COMMUNICINCNS NFrEtTUCIUG Markees.
nunaﬂu aver 40 peopio 3t its heaoquarers In Cork. A University of

s 5

2 Japsnose mutnasionsl and cperas = 3 fully-owned subsidary, and the
company's prrcipal dghal powsr design contre, in Cork. The ¢ compary was
based on nowel wohy from e Unhorsity The Unherity oo
PR SDICRIONS 1o & on, the Arsz of which was filed In

Establshanont of the company
Tho sckn® W m-chod OVGE 3 MUMBES Of YOIrS £roM K 3SIATh In Unhe:

fourcing =am comp
ymonn O'Maley. Armoire Hussell and Alan Durre

Company progmss

The echnology 15 based on AgIal POWST MINIDRTETE SYSSm 0N

(500) soltcns. The company weloped 1S propnetary control plackorm
and seored Industry Badng e 5. TRIOLGR SCqUEITICN by ROHM,
e combinanion of Powenarion's piatform with 20HMs kading anslog
WS y and global marnet nabied (e Compary
0 30d%3 3 brosd £aNRG of Fast Growing Markst OpPOMLATCS,

Inwas tmeat
The @gee of B8D and B5UNG 10 ©aCh T MIrST reQUISS C

Pow eremon rased Ted funding of €
Sharnon Dowelopmo e and this was followed by 3 Seres
Imesment oF €M #rom NUS Capha HNACIIe the folowing yoar.
Ower The MEXT Gight yoars the COmpany S oured 3 Arther £25M In capial
2008 Powervation was Jcouied by Rohm Semiconductior (Japam). Robm C
cxpanded Powervanon's office 1o >40 pecpks In 2017 As the compsny
weioped and & The SXIEMal IMEsTMent ramped up, the fied peroenrage
Squiry that Unvarsty of Limenck held 31 the cutsst was ciuted

Supported by

° ENTERPRISE
IRELAND

KT¥ Baview et A revsant Kncwis dige Transter Servery 200
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KTI

Knowisdge Transfor Irstand
R RESaTEN B BB CoTPRt

KTI AKTS 2016

5

Fiwan ot ST RSt KT)ART'S S0

2

Products and services
launched on the market based
on licences from RPOs

ucts and servicas

The AKTS 2016 reported 26 new products and services e e
aunched on the market in that year as the result of a institution (R34}
icence from an RPO. This is likely to be an underestimate
of the actual number launched, due to the challenges

of obtaining data in all situations as information may

be viewed as commercially sensitive by the licensee. In
some cases. the RPO may only be informed about the
new praduct if and when royalties become due, rather
than at the time of launch. The survey period of January-
December 2018 relates to the product or service launch
date, rather than the date of the licence, which may have
been signed earlier.

stats rasca
these were
ar included a sarvica o

adies. Tha ma
peucts. Tan

P 2 Typas of 8 sighis liearsad fram
BPCx that led 10 produsts mnd services

2.2 Types of inteliectual prop Iatnched in 2018 i)

ety
undespinning prodiscts and tarvices
launched in 2016

o unch was
tudent-ad

44

| R o tha cutzormas repornac i the KT AKT'S 2006,

3.4 Products and services that ara still
n e

e 16 Cxmrant status of procucts and
services by yoar of ariginal lausch (233

This yaars
roducts and

CASE STUDY

Sales and company growth at Ceramix based on a product licence from TCD

A licanca to tachnalogy
From Trinity Collge Dubiin

Caramicx iz wall establishad
In rstand with manufacturing
faciltios in Co Cork. Coramix  process hating and cuntic
materiak processing in

2 wide variety of market
‘sactors

Jourmay including prajact
scoping, IP managemant and
kiconea nagotiation

manufacturer of infrared
radation (IR) haating e e
elements, anabled campany = s il
sales growth of 25% in 2016 Industrial IR haating e S et
compars o 2015 tschncioges to suppert thar 118 rowth of tha company  proparty. cance nagc
manufacturing processes edan e sation Arex:

Tha Herschal sarobotamm (o e T Ereses n e numisr of smpioyems  Roeearch Priortt

= ying, onding F 1s h Procassing Tecnnalogies and
1R sarsor tochnaiagy that rom 42 to 63 sinca it startod

anncaling of comeanent Hoval Matariais

was oaveioped n 3 resawcn  ponctel & CCT
[ — IPELTAIGNE SUERSTS The
Frodeor Gay bl anys groing pecduct
G pontoilo, Incraasng product
afficioncy and faciltating
Despake clkint work and
Gnabiing tha company’s
Gapansion of IR heating The T taam at TCD has
coltions ta US and Asa supported many aspects
Industry. Its unige Cagabity  gf th commerialsation

tion

warking with TCD in 2012
Tha rolationship witkh TCD s
‘anduring and the company

o furthar
collaborative ressarch
projects with othar toame in
tha university.

Iraland’s Innovatian
Partnarship schema and the
Harschal was subzequantly

licansed ta Ceramicx in 2014,




DESTINATION
ELEVATION

REAPING THE REWARDS
OF KNOWLEDGE TRANSFER

- -

INVITATION #KTlconference2018
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Licence2Market
Award

Teagasc
Cheese-Making Technology Licence to
Ornua Cooperative Ltd

Trinity College Dublin
Digital Student ID Software Licence
to iDly

Teagasc has developed a platform technology that
marks a new approach te cheese manufacturing by
allowing cheese to be produced from reassembled
milk without whey expulsion.

This opens the door to manufacturing cheeses

in territories with shortage of fresh milk supply.

The technology has been filed for patent and was
licemsed by Teagasc to Ornua Cooperative Ltd in
20M2. Ornua Cooperative is an agri-food commercial
cooperative that markets and sells dairy products

on behalf of Irish dairy processors and dairy farmers.
It is Ireland’s largest exporter of dairy products.

In engaging with the technology transfer office

and researchers at Teagasc, the company foresaw
potential to increase exports and routes to market for
Irish dairy ingredients by exploiting the technology
to make cheeses in the Middle East. The kcence from
Teagasc gave patent and know-how rights to Ornua
for the manufacture of a range of white cheeses for
the Middle Eastern markets. In March 2006, following
a series of trials, prototype development and product
validations and as a result of the technology licensed
from Teagasc, Omua opened a cheese manufacturing
plant in Saudi Arabda launching its first product
range shortly thereafter. Following positive customer
feedback and with plans to extend its product range
in 2017, Ornua have strong growth plans to fill the
capacity of the €multi-millicn plant over the coming
& years. The licence of this technology has provided
valuable learnings to the relatively young TTO at
Teagasc who is due to recelve its first royalties on
sales in 2017. The office continues its relationship
with Omua by mamaging the reporting and financial
obligations of the licence and new collaborative
projects resultimg from this successful project.

IDly Is a Software as a Service company offering
digital identification services.

The project that gave rise to the 'Trinity Digital
Student D' software was funded using internal
Trinity resources and delivered by Trinity IT Services
in conjunction with the iDly tearn, a Trinity College
Dublin student team. The exclusive licence to the
software from Trinity was instrurnental inallowing the
company to form and to secure funding for further
technology development in the field of identification.
The software was developed as a promising solution
to the problem of identity confirmation when a
student mislaid their physical ID but it became
apparent that the solution was useful in a wide range
of identity-reguiring situations. The company made
its first sale in 2016 to University College Cork where
the product will be deployed in 2017 and has a strong
pipeline of other universities in Ireland amd the LK
as well as clients in other sectors such as healthcare,
politics and entertainment. The company plans

to grow its team from 3 to 7 in 2007 and is in the
process of further fund-raising to deploy its products
to new customers in new sectors. Media coverage

on iDly has assisted inm profiling Trinity's ability to
source, develop and commercialise new ideas from
entrepreneurs and to raise the profile of the TTO and
of commercialisation within the student population.
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reland’s Research, Development &
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Funding KT: the Technology Transfer
Strengthening Initiative Programme

©2007-2012
*€30M

eIntroduced to develop a
professional technology
transfer system in some HEls

8

o Prior to the programme:
e Little or no such capability
*No national metrics
*No system drivers
eFragmented system

©2013-2016
*€22.6M

*To bolster capacity & capability
in all HEls

e Introduction of consortia
*8 involving 26 RPO by prog end

¢ Coherent policy and framework
around industry engagement
with public research.

* KTl established as national office
as required by DJEI

¢ KTl managed TTSI2 programme
and system performance

49

©2017-2021

*£34M

e Further develop the
technology/knowledge
transfer system in Ireland as
it begins to mature.

e Leveraged funding from HEls



Funding system oversight & support

KTl is Ireland’s national office for business-research partnership and
commercialisation with and from the research base

Our mission is to make it simple for industry & entrepreneurs to benefit
from Irish research and expertise

ENTERPRISE  |IRISH
/] IRELAND = |UNIVERSITIES
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How far have we got?
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Goodhart’s law

“once a measure becomes a target it ceases to be a good
measure”

52



*KTI Knowledge Transfer Ireland
*Enterprise Ireland, The Plaza, *T 0879714611

*East Point Business Park, Dublin 3. *E alison.campbell@knowledgetransferireland.com
*W knowledgetransferireland.com

e@kticonnect
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German and EU research priorities

Germany

Hightech strategie 2025

Prioritising future challenges relative to prosperity and
quality of life

Consolidating resources and promoting transfer
Strengthening the dynamism of innovation in industry
Creating favourable conditions for innovation.

Strengthening dialogue and participation

6 major themes:

Digital economy and society
Sustainable economy and energy
Innovative workplace

Healthy living

Intelligent mobility

Civil security

Germany: https://www.hightech-strategie.de/de/leitfaden-fuer-die-zukunft-1781.html

EU:

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52009DC0512

EU

Key Enabling Technologies

Increased focus on innovation for key enabling
technologies

Increased focus on technology transfer and EU-wide
supply chains

Increased focus on joint strategic programming and
demonstration projects

Technologies:

Advanced materials

Chemical technologies

Digital technologies

Engineering and fabrication

Life sciences

Nanotechnologies

Photonics and light technologies
Quantum technologies



Overlap

Germany Hightech strategie 2025

Current social upheavals and rapid technological developments require new answers on how we can shape our coexistence

In Germany and strengthen the cohesion in our society. The HTS 2025 shows perspectives on how Germany can successfully shape its future
through research and innovation. At the same time, it should provide guidance to all actors in innovation. [...] It should help to put Germany at the forefront of the next

technological revolutions in order to keep jobs in Germany and to secure our prosperity. The promotion of new technologies goes hand in hand with

investment in education and training and the involvement of society to prepare people for impending change.[...] Justas
important as the commitment of the Federal Government is the commitment of business, science and society. Working hand in hand on common goals is the key to
success. With the "High-Tech Strategy 2025", we want to increase spending on research and development in Germany to 3.5 percent of GDP by 2025.

EU KET

The potential of these technologies is largely untapped. Increasingly systemic solutions will need to evolve in order to address major

societal challenges, such as ensuring high-speed communication, ensuring food supply, the environment, finding appropriate transport solutions, ensuring high
levels of health care for an ageing population, unlocking the potential of services, ensuring internal and external security and addressing the energy question. Low carbon
technologies and applications will play a vital role in reaching European energy and climate change targets. For instance, CCS and CO2-related transport grids will be

needed to reduce CO2 emission in countries that will continue to rely heavily on fossil energy sources. KETS, such as new materials for en ergy

production, transportation and storage play an essential role. They could lead to better resource and energy efficiency and their environmental
impact needs to be assessed in a life-cycle perspective, taking advantage of the related initiatives promoted at EU level in this context.

Overall theme: Address and improve societal challenges. One avenue is via increased
collaboration between Academic, Corporate and Government research entities in key science and
technology areas.

EU: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52009DC0512 58
DEU (translated): https://www.hightech-strategie.de/de/hightech-strategie-2025-1726.html



Sustainable economy and energy

Focus on three technologies with high importance in EU and Germany

1. Energy conversion (Advanced materials)

2. Electrification / Hydrogen technology / power to gas (Chemical technologies)
3. Energy storage materials (Advanced materials)

Note: Publication output, impact, growth and excellence
- Data provided by Scopus and ScienceDirect
- Technologies defined by field experts using keywords and journals



Overall context of German research
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FWCI

Germany in an EU context

Overview of EU 28 countries' outputs, FWCI and share of publication in Top 1%, 2007-2016. Source: Scopus.
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2. Electrification / Hydrogen technology / power to gas (Chemical technologies)

3. Energy storage materials (advanced materials)

Increased share of German total output, decreasing impact



Germany compared to other EU 28 countries

Total Top 1% Top 10%
Techname Rank |Publications FWCI |Publications FWCI % of tot | Publications FWCI % of tot
All 1 GBR DNK GBR BGR DNK GBR EST NLD
2 DEU NLD DEU EST NLD DEU BGR DNK
3 FRA SWE FRA CYP BEL FRA MLT BEL
4 ITA BEL ITA LVA FIN ITA LTU SWE
5 ESP FIN NLD SVK SWE NLD CYP GBR
EnrgConv 1 DEU NLD DEU GBR DNK DEU AUT DNK
2 GBR DNK GBR ITA LVA GBR NLD EST
3 FRA GBR FRA NLD SWE FRA GBR SWE
4 ESP AUT ITA DEU AUT ITA IRL FIN
5 ITA IRL NLD FRA EST ESP DEU PRT
EnrgStorg 1 DEU DNK DEU GBR DNK DEU IRL DNK
2 GBR IRL GBR ESP EST GBR AUT EST
3 FRA BEL ITA FRA IRL ITA BEL ITA
4 ITA CYpP FRA ITA DEU FRA GBR SWE
5 ESP GBR ESP DNK SWE ESP DNK DEU
ElecHTech 1 DEU DNK DEU GBR DNK DEU DNK DNK
2 GBR NLD GBR ESP EST GBR GBR EST
3 FRA BEL ITA NLD DEU ITA DEU PRT
4 ITA GBR FRA FRA ITA FRA BEL GRC
5 ESP SWE ESP DNK IRL ESP - ITA
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Share of total output

Share of total output

Output of Academic-Corporate collaboration
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Share and impact of German research in cross-sector
EU 28 collaboration

Field-weighted citation impact
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German and EU research priorities -
conclusion

Given goals of Hightech strategie 2025 and EU Key Enabling Technologies, within Sustainable economy and energy, and sampling only a few of the
technologies, can we identify opportunities to stimulate progress?

Hightech strategie 2025 and KET

Prioritising future challenges relative to prosperity and quality of life — identify technologies
that are highly impactful

Consolidating resources and promoting transfer — encourage international and cross-sector
collaboration

Strengthening the dynamism of innovation in industry — diversity of participating research
entities

Creating favourable conditions for innovation — incentives and policy environments

Strengthening dialogue and participation — engagement on social needs and technological
expertise
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