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Project Background

This project has its roots in two initiatives:

AMICA: 01U | AMICa
e Stands for Advanced Mapping of Industrial Capabilities for Climate o< | Advanced Mapping
° Ans\/\/er research SDECiﬂC questions <= of Industrial Capabilities for Climate
e Uses a complex system view
e |t’s our starting point
e Exploration stage
EURITO:
e Stands for EU Relevant, Inclusive, Timely, Trusted, and Open Research Innovation
Indicators
e Bring data to the heart of R&l research
e Improving the decision making process Eurapean
e Quantitative indicators and analysis Commission
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Main research question

How to measure the uniqueness of technological capabilities?

Motivation

“There is a need for companies, countries, and organizations to improve Research and Innovation policies. Most
approaches rely on methods that are not reusable, applicable to other fields and produce hard to prove results.”

Goal

“Helping decision makers understand highly interconnected technological landscapes and as a result make better
R&I decisions using knowledge data. For this purpose biofuels will be used as testing ground.”
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Structure of the Analysis and Research Questions

Macro Level Meso Level Micro Level

Time periods Countries Organizations

o B
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Level of Granularity
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Some example questions

International Organization:
e How is this technological field evolving over time?(ROMal)
e What’s the big picture for a certain research field? (ROMa3)

Policy Maker:
e How can | characterize a country in terms of its capability?(ROMeT)
e Are certain countries more related to others? (ROMe7/)

Organizational Leader (CTO, Research Executive):

e Who could | collaborate with based on my capabilities? (ROMiZ2)

e Where is the industry collaborating in terms of capabilities? (ROMi4)
e Are there clusters of companies and universities? (ROMi?)
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Previous Work

Representations

Triple Helix

National Innovation Systems

Macro and
The perfect index

Patents
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Previous Work

Methodology

National Innovation Systems

The perfect index

Patents

«  Triple Helix
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Micro Level

Open Collaboration Strategies

Economic Complexity

Graph based representation
Matrix Based representation

Engineering Systems
Studies
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Approach

e The goal is to answer the main research question, characterize uniqueness
e A complex system view with emphasis on connections
e How do we combine technologies/resources?

e Terms Vs, Term pairs
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Approach

sugar

DTU Management Engineering, Technical University of Denmark

hydrolysis
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Approach

Common
A

Unique

>

« Sugar-fermentation-ethanol

«  Sugar-hydrolysis-ethanol

sugar

»  Sugar-catalysis-biodiesel

» Sugar-gasification-ethanol
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Tools

Data Sources:

* Research Projects
« Patents

*  Publications

« Data Services

FEEDSTOCKS

* Energy crops

Jewr * Grasses

*  White
sweet
clover

*  Waste

="+ Foodwaste | .~

* Plastics
T« Agricultural
waste
* Sludge
* Animal fat
* Used oil
T« Algae
*  Woody biomass
17« Wild plants

PROCESSING
TECHNOLOGIES

* Sonification
* Fermentation
+ Transesterification

* Enzymatic

Hydrolysis
* Gasification

25 =

entony + Microwave energy |

* Methane recovery | ...

paseeet ™ * Catalysis

Dictionary of terms (342)
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OUTPUTS

* Ethanol

* Biodiesel

*  Renewable

chemicals

* Renewable jet fuel
* Butanol

* Biogas

* Sugars

* Biochar

* Biomass Pellets

and Briquettes .7

oy

am?® O
P Jupyter &,
N’ D

e Numpy + Math

« Matplotlib + Seaborn
»  Scikit + Scipy

22 June 2018




Model requirements

The developed model needs to:

Accurately portray research
Preserve complexity

Be scalable

Allow for analysis

14 DTU Management Engineering, Technical University of Denmark
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From asset to model

DATASET

Technological asset: Patent

Process variable terms (342) TP

Contains pair:
- sugar
- fermentation

DTU Management Engineering, Technical University of Denmark

sugar

fermentation

» | GRAPH MODEL

Jebns

uoneuswIa)

‘$

Number of times the terms appear together in the

database.
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The filtering process

| Level specific data |

Level specific
capability matrix

"

DATASET " % \
I® Country |
— FILTERING o % ‘
= Y ]
— &
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An example matrix

Capability Matrix of 2017: Annotaded version

R How to characterize a year
A A A S of scientific research?

. . Progessing Technologies -

i 1 1 1
11 - L -1
O T S L S T R g
b . o s
- H
v » H

d 1
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Comparing capabilities

Capability
Matrixes
Capability
Lists
Correlation
Country A Matrix
—p M TWITTITTT]
I
|
Country A
Pearson Correlation = x\/;.
1
H
T
< 4]
. > W IITWIITD e £
Country B 3 S
H
I
I
Country B

This allows for the coverage for more than just pairs.
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The Macro Level

Are all years linearly related or do research gaps exist?
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Years Correlation Matrix: Chronologically Ordered, last 15 years

1997
1998

1999
2000
2001

002
0032
2004
005
2006
007
008
2009
010
011

012
013
014
015
016
017
018

~ 0 @
(= B~ -]
22

DTU Management Engineering, Technical University of Denmark

T = o e = T = T e

08

06

04

02

00

)
—]1
—

I

Increased correlation over time
Experimentation then maturity

Increase in knowledge sharing
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The Macro Level

Are all years linearly related or do research gaps exist?
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Correlation of year with previous year
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Relative number of records

06

IS the price of a consumer good related with the research volume? What terms are most affected by it?

Sugar Prices Vs. Asset Quantity

\
\
\
1
1
\
\
1

1
sugar
=== wood

~
Seao

=== ggafpane S |17 N o\ J 0 Tmeof TSm0 TTTEsSsT TUmSemes’ Ssaaa.
=== sugar beet

=== ceallulosic sugars

1990 1995 2000 2005 210 015
Years

Research is related to price

Why does this happen?

Time series would go deeper
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= Sugar Prica

b

b

Contextual Relationships at the Macro Level

of sugar in 3US (inflation adjusted)

per kilo

Price

i

Feedstock Name Pearson Correlation Index

sugarcane 0.789014
cellulosic sugars 0.775341
jatropha 0.771713
sorghum 0.757299
dry biomass 0.754884
beets 0.751165
dedicated energy crops 0.739525
algae 0.728562
hybrid poplar 0.721206
soy 0.706675
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Capability Correlations at the Meso Level

Do international capability clusters exist?
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Capability Correlations at the Meso Level

Do international capability clusters exist?

Denmark

Country Profile
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GDP as context for the Meso Level

Does the amount of money of you have (GDP per capita) determine the space of possibilities or your technological freedom?

Capability Correlation Vs. GDP per capita difference: Global (Excluded if capability less than 0.01)
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Most countries are locked in a
space.

High research similarity is
related to high GDP similarity

High similarity in lower GDP
countries.
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Collaboration at the Meso Level

Is capability similarity related to international collaboration?

Capability Correlation of Country Pairs
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Capability Correlation and Scientific Collaboration by country pair: Global
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Capability Correlations at the Micro Level

Do organizational clusters exist?
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Capability Correlations at the Micro Level

Do organizational clusters exist?

TECH UNIV DENMARK

Organization Profile:
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Organizations are more ‘closed

Most universities collaborate
to collaboration’.
The triple helix

with other universities.
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Collaboration type segmentation for all Organisations

AGENCIA ESTATAL CONSEJO SUPERIOR DEINVI
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Using Spectrums at the Micro Level

IS there value in characterizing an organization’s capability as a spectrum?
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Organization Capability Spectral Representation
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Organization Capability Spectral Representation: Zoom

4
4
<
=
=
w
o
=
=
-
T
e

NOVOZYMES AS -

UNIV CALIF BERKELEY -

AnilT

TSINGHUA UNIV -

- aisem |eanynoube/buls

- |10-o1q/abemas

- 131em d)sem/abemas

- ainuew/abemas

- aso|n||22/abemas

- 215em diuebio/abemas

- anemosdiw/abemas

- sisf|ejed/abemas

- 21sem/abemas

- 315em |elasnpul/abemas

- seboig/abemas

- uonejuawlay/abemas

- Buiuea|d seb/abemas

- sisfAjoiAd ysey/abemas

- uonysabip digosaeue [abemas
- siskjoipAu/abemas

- sisAjoiAdjabemas

- 3)SEM/]2N) 3|qeMaU3l

= UOIIBIY1I]ISISURLY|3NS 3|qeM3U3)
= UOIJDRIIX [10/]2N) 3|qRMAUI
- aeb|efjan) ajgemaual

- uonsabip J1gosaeue fjang 3|gemaual
- dgofyseak

- aso|n||a2/3seak

- uoneIUAWLAY Jljoyod|efiseak
- sisfjejedfiseak
buissaidfiseak
|2sa1polgfiseak

Jebnsfiseal

uolDRAIX JI0f3seak
sish|oipAy onewAlzuafiseak
uonejuauualfiseak
joueylaoigfiseak
ssawdjodolgfiseak

|anjoiq pasueApefiseak
sanpisalfiseak
siskjoipAufiseak

mensfseak

joueylafiseak

ajsem/ajsem pijos |edidiunw

- seBoig/a3sem pijos |edidiunw

Buluea|d seb/ajsem pijos |edidiunw
- uonysabip Jiqosaeue /ajsem pijos |edidiunw
- seboiq/seb |einjeu

- uonsabip Jiqolaeue /seb |einjeu

22 June 2018

ty of Denmark

ical Universi

Techn

ineering,

DTU Management Eng

31



Studying the balance of terms

How does the volume of patenting and publishing of a certain scientific term evolve over time?
IS there a bias towards patenting or publishing?
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always the case.

It should depend on the term.
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Validating the term pair approach

Term frequency vs term pair frequency? What characterizes better the scientific capability of a country or organization?

Hierarchical Clustering Dendrogram using average method. Frequency of Terms.

Term frequency approach
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Hierarchical Clustering Dendrogram using average method. Frequency of term pairs

Term pair clustering results are
richer

This validates the complex
system view

Term-pair frequency approach
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Implications for Theory

» \/olume (even normalized) of R&D is not sufficient to characterize a country - value terminology
e There might not be a perfect indicator, but this helps

 \/alue lies in the complexity

e Triple helix can be quantified

e Engineering system approach is valuable and scalable

34 DTU Management Engineering, Technical University of Denmark 22 June 2018
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Implications for the industry

e A workflow that transforms data to insights

e These are just some of the possible questions and tools to answer them

» Not only a way to help answer, but also a way of evaluating strategies (even monitor)
e Untapped areas of research and uniqueness, sandbox for exploration

e Transparent decision making

35 DTU Management Engineering, Technical University of Denmark 22 June 2018
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Further Research

e Expand to other areas, not only biofuels

e Study more external factors (not only sugar and oil) and see if they relate. Possibly predict
better areas.

e Use capability correlation and test a wide range of characteristics to improve current indicators.

» Dig deeper into uniqueness and DNA

 Investigate the collaborations (why do entities collaborate? what are the consequences in terms

of capabilities?)

 Limitations: normalizations, data under-representation, language...

36 DTU Management Engineering, Technical University of Denmark 22 June 2018
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Learn more

Website:
https://technological-capabilities.eu

Repository:
https://github.com/duarteocarmo/technological_capabilities
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Thank you!

DTU Management Engineering, Technical University of Denmark
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