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SUMMARY

The main objective of the EU Industik&.Dinvestment Scoreboard (thecoreboarllis to benchmark
the performance of EU innovatiedriven industries againshajor global counterparts.

The 2020 edition of th&coreboardnalyses th500companies thatnvestedthe largest sums o
R&Dworldwide in 2019. These companies, with headgeas in 43 countriesand more than 800k
subsidiaries all over the worlgéach invested over34.7 millionin R&Din 2019. The total investment
across alk500companies was904.2on. Compared to the previous onthe main difference irdata
presentation within this Scoreboardedition relates tothe 9 ! Q& mgnibérship composition
following the departure of the UK on 31 January 2028enceforth, in this reportthe EU is
understood as EU2{.e., without the UK)and whenever the UK is included for comgitare purposes,
EU28will be referred to

The 2020Scoreboardi 2 G £ w35 A& SldZA @l Syd G2 | LOwdeE EA Y §Sf
R&D. It includes 421companies based in the Edccounting for B.9% of the totalR&Din the

samplg, 775 US compani€88.5%), 309 Japanese companies (¥2.,7536 Chinese (1136) and 459

from the rest of the world (4.8%}.

This report analyses companies' R&D and economic indicatorsreeent years,focusingon the
comparative performance of EU companggltheir gldbal counterparts.

In 2019, global corporate R&D continued to increase substantially, following the trenésenft

@SINARX RSaALIAGS | at2¢gR24y Ay O2YLIyASaQ arfsSa I
year of R&Dyrowth driven by investmets inthe ICT health, and automotiveindustries. Companies

based in the EU significanilycreased theiR&D (5.6%in 2019,but this growth waswell below the

rates ofUS (10.8%) and Chinese companies (21%).

The impact of theCOVIEL9 crisis is not yateflected in this editioras it uses dataeferring mostly to
2019. Howeverhistory demonstrates the important role that R&D plais tacklingmajor socie
economic issues anith reinforcingrecoveryand competitivenessindeed, pasScoreboardditions
showed that companiesvhich sustainedr increased theilR&D investment during previousises
emerged witha greatly improved competitive position in traftermath ofthe crisis.

The Scoreboardresults stress the need to stegp the implementation of EU policies aimed at
supporting industrial R&D and innovatioparticularly in supporting recovery froie COVIBEL9
crisis as well aghe industrial digital and green transitions.

1 https://ec.europa.eu/eurostat/statisticexplained/index.php/Glossary:European_Union_(EU)

2 Therest of the world RoW) group comprises companies from UK (121),Taiwan (83), South Korea (59), Switzerland (58),
Canada (30), India (29), Israel (21) and companies based in a further 17 countries.
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Key findings

Worldwide investment in R&D cotiiued to increase significantly in 2019 for the tenth consecutive

year. The2500companies investigated for tigcoreboardihvesteda total ofe onn ®1 0 ¥i2009/ w3 5
8.9% more than in 2018, the same increase of the year before. Companies based in the EU increased
R&D by 5.6%, below the growth rate of US (10.8%) and Chinese (21.0%) congmahémve that of
Japanese (1.8%) and thest of the world(5.1%) Figure SEhows theten-year global trends of R&D,

sales and profitability Figure S2 shows theneyear growth of R&D for the main world
countriestegions the EU, USJapan, China, and the rest of the world (RoW).

Figure S1: R&Dnet sales and profitability growth 20162019
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mmmmm R&D investment = <@ = Net sales = <0 = Profitability

Note: Growth rates for the three variablegere computed on 1759 out of th@500 companies for which data on R&Dnet salesand
operating profitsare available for the entire perioof 2010-2019. These companiespresent 870% of R&D, 86.8% okt salesand 81.9%
of operating profits ouf the total sample in 2019.

SourceThe 2020 EU Industrial R&D Investment Scoreboard, European CommissionRERC/DG

Figure S2: R&D investment growth 2013019 by region/country
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Note: Pale colours refer tthe year 2018anddark colours refer tehe year 2019
Percentage figures indicate the oyear R&D growth of the sector.
SourceThe 2020 EU Industrial R&D Investment Scoreboard, European CommissionRERC/DG



Global R&D investmernits driven byfast-growing industries, mainly ICT artkalth; thus, differences
in sector composition explain the different patterns of R&D growdlcross world regions.

Industrial R&D isxtremelyconcentratedwith the top four sectors contributing 77% of the total R&D:

ICTproducers(23.0%),health industries (20.5%), ICT services (16,2 the automotive industry
(16.3%). The R&D growth ratektbese sectors in 201@angedfrom ICT services at 19.8%health
at 10%|CT producerat 8.0%, anddown tothe automotive industry a.2%.

The EUhas a stronger automotive industry than other regiomst is behind the US irhealth

(particularly in botech),and lagdehind China andvenfarther behind the US in ICT industries (mostly
in software andhe internet). ¢ K SNE ¥ 2 NB =

iKS 9! Q&

the automotive sector, whereas R&DOn the US is dominated by th&astgrowing ICT andhealth

A800G2NER® / KAYl Q&

2 dzii a By h&facyitzht they HaveBriliw cdrkpanied

andincreasedsales faster than other regios ! y 2 G KSNJ FI O 2 NJ id sirongeKthai
the EWQ and Japaf. &igureS3 shows theector specialisation fahe main world regionsand Figure
S4 shows theneyear R&D growth for the top four sectof@utomobiles and other transporhealth

industries, ICT producers, and ICT services).

Figure S3: R&D investment in 2019 by region/country and sector group
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Figure S4: R&D investment in 2019 by region/country and sector graugetails.

wg5 6edyol

20 40 60 80 100 120

r O

) 4.2%
Automobiles & other

transport

7.3%

Health industries 13.%6

32.2%

6.8%

|

ICT producers 5.9%

23.%

12.4%

ICT services 22.6%

20.1%

mEU mUS China

Note: Percentagen the figureindicate the oneyear R&D growth of the sector.
SourceThe 2020 EU Industrial R&D Investment Scoreboard, European CommissionRERC/DG

Similar R&D trends observed foover 10 years shaped specialisation patternand increased
differencesbetweenregions,particularly between the EU andhe US.

/I 2YLI yASAaQ wsa5 Ay @S dUdhdsisciedsedigyiificanBy®vedtie pastyfeR year& S
in the top four R&D investing sectors. In 2010, EU companies were investing more tHa8iththe
automotive industry, and theUSwas investing more ihealthand ICT industriefoth services and
producers). As shvwn in FigureS5, these differences have increadadher in 2019, particularlyin

both ICT sectors. The ratio of R&D investment betwiaerEU andhe USremained constant in the
healthsector, increased significantly in taetomotivesector, and substatially decreased in both ICT
sectors.



Figure S5: R&D investment in 203P019, comparisonof selected sectorsn the EUand US.
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Note: data refers to 514 (EU:164, US:350) of the 805 companies (EU:204, US:601) in the four sector groups nedlmsiconsidered
for which R&D data are available for the all period 2@0Q9, accounting for 90.2% of the R&D in 2019
SourceThe 2020 EU Industrial R&D Investment Scoreboard, European CommissionRERC/DG

A closer look to the EU and US data at the-sedtor level shows more striking differencesR&D

investmentin the health industries (subsectbiotechnology and ICT services industri¢subsector

software & interne}. In 2019, the US has many more camjes in theScoreboardh both subsectors

(8.6 times more companies in biotechnology and 8.8 times more companies in software & internet);

FYR YdzOK Y2NB wg5 Ay@SaldyYSydia oeondoodoy @& €HDPcO
software & internet). Se Figure S6 for further details.



Figure S6:Comparisorof 1 KS 9! Q& R&P Rvestriests itbipteehnologyand softwareand internet.
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Note: R&D investment reported for 78 (9 EU, 69 US) Soft&dreernetfirms out of the 132 (14 EU, 118 W8)mpanies for which data on

R&D are available for the entire period 202019. These companies represent 88.4% (87.0%EU, 88.5%US) of R&D in 2019 of the 132 firms
of the total sample. R&D investment reported for 55 (9 EU, 46 US) Bimtlec}lyfirms out of he 183 (19 EU, 164 US) companies for which

data on R&D are available for the entire period 2@019. These companies represent 66.3% (63.5%EU, 66.6%US) of R&D in 2019 of the

183 firms of the total sample.
SourceThe 2020 EU Industrial R&D Investment&zuard, European Commission, JRCRBG

This is a major challenge for the EU since thesdhmr&ey sectorsequiredto support the industrial
transition strategy. Indeed, the ICT industry is taking a larger share of the value added in sectors where
the development of greertechnology is required to replace fossil fuedsg.,in the transition to
electric mobility.On the other handbiotechnologyis increasinglyhe basis for the development of

new drugs, e.ggenetic engineering applied for developing a large range of drugs including vaccines.

The aggregate numbers should not hide successful examples of EU companies. For exayopleg the
German company BioNTech is at the forefront of the development of novel mRNA technology for the
treatment of a number of diseases including cancer and vaccines taCigititB19. BioNTeckworld
ranking #54) hasbeen successful in gettiflJR&Dsupport sincearlyA y G KS O2 YLI|ly & Qa
has beerin the Scoreboardatabasesince 2013and has multiplied R&D investmesix times over
andincreasechet salegenfold since then




The EU companies in th8coreboardare highly internationaligd, showing a diversified and strong
technological and industrial base.

EU companies hold a high share of the global R&Bvarakey sectors. In thautomotiveandhealth

sectors, the EU contributes to 45% and 20% of the total R&Pectively The Eltontributes 40% of

the aerospace anlRS ¥ Sy O0S & S O 2 NDR&D mateiddustigissect@, 24%i & Se
chemicalssectoQ a \arsd 3846 of the R&Er a group of sectors including services and resource
intensive sectorsFigure S7 shows theontribution of the main world regions teach maira S Ol 2 N& Q
global R&D.

Figure S7: R&D investment in 2019 by sector group and country/region
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Ananalysis of the ownership structure and the patent portfolio of Bemreboardompanieshows a

high degree of internationalisatioin EU companies. They haadigher number of subsidiaries than
their globalcounterparts and are locateid a great number of locatioradl over the worldAnanalysis

of patents as a proxy for R&D location shows both the internationalisation of EU companies and the
attractivenessof the EU for R&D investment by foreign companies. The analysis showardbad

20% of the R&D funded by EU companies is performed abroad. On the other hand -banetigrled
companies operating in the EU invested in R&D slightly more than the antlwainEU companies
invested abroad. SeeigureS8for further details

Figure S8: R&D investment flows into and from the EU.

4.39 £bn, 1670 subs

Note: Based on a geographic redistribution of the R&D using patents as a proxy for R&D location. See JRC techhical report
SourceThe 2020 EU Industrial R&D Investment Scoreboard, European CommissionRERC/DG
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https://iri.jrc.ec.europa.eu/sites/default/files/contentype//publication//reports//1568800313//Estimating%20territorial%
20busines%%20RD%20expenditures.pdf
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https://iri.jrc.ec.europa.eu/sites/default/files/contentype/publication/reports/1568800313/Estimating%20territorial%20business%20RD%20expenditures.pdf

A patent analysis shows the positioning of the EU in developjmgentechnologies.

The global share afreeninventions in overallpatenting activityis 7%. Among major economies, the
EU is second, behind South Korea, with 9.5%reénpatents over theotal. Scoreboardompanies
own about40% of global patents arabout50% of green patents

The EU is the global leader on higadue’ greenpatents(protected in at least two patent authorities),
with Japan and théJSfollowing closely. From 2000 to 2016, the EU produced ard@@@D0high-
valuegreeninventions,around siximes more than those produced by China. The EU antd8teave

the highestshare of higkhvalue inventionswhichon averageaccountedfor around60% of theitotal
greeninventions outputbetween 2010 and 2016South Korea (17%) and Japan (32%) have lower
shares, whilenly 3% of Chinese inventisrare of highvalue.SeeFigure for further details

Figure S9: Green inventions trends
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Note: Cumulative trend of green inventions (left), highlue green inventions (centreggnd share in the periodf 2010-2016 of highvalue,
granted and international inventions (righfgr major economies over their tal number of green inventions.

SourceThe 2020 EU Industrial R&D Investment Scoreboard, European CommissionRERC/DG

044

5 According to the Cooperative Patent Classification (CPC) system. EPO/USPTO  partnership.
https://www.cooperativepatentclassification.org/indexFor methodologial details see Pasimeni, F., Fiorini, A., and
Georgakaki, A. (2019 ssessing private R&D spending in Europe for climate change mitigation technologies via patent data
World Patent Information, 59, 101927.

61n the context of this report, all patents are considered inventions. The two terms are used as synonymous.

7Highvalue inventions are patent families including patent applications filed at least in two differenitgaithorities, and
international inventions consider only patent applications filed in patent authorities distinct to the country of residaet of
patent applicant. EU national patent authorities are considered as distinct fonailgie inventions, whe they form a unique
geographical area for international inventions.
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Large corporate R&D investors address thastainability development goals (SDGis) different
ways and to a different extent.

TheScoreboardncludes an analysis testing a novel indicatodd® YLJ YA SaQ RA & Of 2 & dzNB
score§NBf I SR (2 (GKS ! bQa { dzSDGshtgaptord disithie tole@aSed St 2 LIY S
by indugrial R&Dinvestors This shows that EU and Japanese companies overall achieve an average

score of 549 and 54.1 respectivebcrosdive key SDGs from clean energy and sustainable production

to climate actionFor companies fronChina and the UShe scores in this respecire lower, at 41.2

and 38.3respectively See figure S10

Figure S10: Scores for selected SDGs by region/country

8 DEGENT WORK AND INDUSTRY, NNOVATION 12 1 CLIMATE
ECONOMIC GROWTH AND INFRASTRUGTURE CONSUMPTION ACTION

]

EU (277) 59.9 60.2 51.2 51.3 51.6 54.9
US (649) 38.8 45.5 36.7 35.7 34.8 38.3
Japan (215) 58.1 57.4 50.3 54.2 50.2 54.1
China (148) 42.0 49.6 37.0 38.8 38.4 41.2
Row (294) 52.8 57.0 46.2 47.1 47.8 50.2
Total (1583) 48.0 52.2 42.9 43.3 42.6 45.8

Note: data refers to 1583 companies for which data are available, representidg686f the R&D invested by the afimple in 201%the
percentages of representation of R&D2019 by region are: 84.0% for EU, 95.6% for US, 94.7% for Japan, 52.9% for CloinRo%88)2% f
Last column rports the average of the five SDGs considered. Scores computed as avtthgevaluesfor companies in each region
(number of companiesbetween brackets) for which data are available. Data in the last column refers to the average of the five SDGs
considered.

Source: The 2020 EU Industrial R&D Investment Scoreboard, European CommiS4BRER

8 Data provided by Covalence Satgs://www.covalence.chb ® { O2NB A& | NB S@I tdZ 6SR O2YO0AYyAy3
reputation information tha is normalised into a-Q00 scale. A score of 50 represents a neutral value, scores above 50

indicate positive contribution to the SDGs and scores below 50 indicate that companies are not doing enough and/or have a

bad reputation.
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analysis report and the related dataset the top investors in R&Bvorldwide. TheScoreboardiataset
consists mainlyn ranking the2500companies investing the largest sums in R&dridwide.

TheScoreboards based on information taken frotheseO2 YLJI YA Sa Q fF GSaid Lzt A a
most companiesthese correspond tathe calendar year 2019To avoid double countingthe
Scoreboaranly consideed data from parent or independent companies. Normally, these companies
integrate the datdor their subsidiary companigato their consolidated accounts

It should be noted that th&coreboardelies on companiespublished annual reports and accoumts
include adisclosure of R&D investmerand that due to different national accounting and disclosure
practices,depending on the country in which theyr@ based, some companiese less likely than
others to disclose R&D investment consistentlyis only a legal requirement in some countries that
R&D investment is disclosed in company annual reports. For these reasons, congaatie@sgarly
based inSouthern or Eastern European countries might be wwdpresentedwhile companies from
countries such athe UK could be overepresented (seenethodologicahotes in Annex 2).

The overall coverage in terms of R&D is similar to previous editions. The total amount of R&D
investment of companies included ihe 2020Scoreboard € ¢ n niPegadivwilent to almost 90% of

the total expenditure on R&D financed by the business sector worldiidlee Scoreboardtollects

key information to enable the assessment of the R&D and economic performance of companies. The
main indicators, namely R&D investment, net sales, capital expenditures, operating profits, number
of employeesand market capitalisation are collectdollowing the same methodology, definitions

and assumptions applied in previous editions. This ensures comparability so that the companies'
economic and financial data can be analysed across countries and industries and over a longer period
of time. Thecapacity of data collection is enhanced by information gathered about the ownership
structure of theScoreboargharent companiesand the main indicators for their subsidiari&s.2019,

we collected available indicators reported aypund 800k subsidiargompanies of th&500 parent
companies in this edition. Thigllowed for a better characterisation of companieparticularly
regarding the sectoral and geographic distribution of their research and production actiaiithe

related patterns of growt and employment. As shown in last yeg8soreboardan analysis of key
indicators (such as the patent data of parent companies and their subsid)adtsws for the
reassignment of many companies ttoe countriesin whichthey perform their actual ecomic or
innovation activity.

The reference period for the 2028coreboards the year 2019s0the effects of theQOVID19 crisis
are not reflected inthis dataset. These effects will be reflected in financial reports for 262d
addressed in the next edition of tH&coreboard

A main difference in thdata presentation in thisScoreboarardition regards the new composition of
the EU following the departure of the UK on 31 January 20R&nceforth, in this reporthe EU is
understood as EU2{i.e. without the UK)and whenever the UK is included for comparative purposes,
EU28will be referred to

9The EU Industri&®&D Investment Scoreboard is published annually since 2004 by the European Commission (Directorate
General for Research and Innovation,-R&l, and the Joint Research Centre, JRC) h8p¢!iri.jrc.ec.europa.eu/home

10 According to the latest figure®ported by Eurostat, (see Figure 1.1 in Chapter 1).

11 https://ec.europa.eu/eurostat/statisticexplained/index.php/Glossary:European_Union_(EU)
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Report structure

In this edition, the structure of th8coreboardeport consides new policy priorities, namely the twin
green and digitalransitions. The report provides a comprehensive description of the global industrial
R&D landscape, includirtge main trends in R&Pand the economic performance of companies
aggregatedon worldwide, regioral, and industriallevels. The analysis focuses on benchmarking EU
innovationdriven industries against global counterparts. It includeanalysis othe role ofindustrial
R&Din addressng major challengesandanassessment of the Elladustrid capability of developing
green technology.

In Chapterl, we provide an overview of the main characteristics of industrial R&D, including the main
economic factors that have shaped R&D investments over the past year. This section comprises a
descriptionof the role of R&Din achieving sustainability goals and summarises related technology
trends. The 2020 dataset is described in detaith a particular focus othe geographic and sectoral
distribution of R&D and its typical concentration at compangiustry, and country levels.

Chapter 2 focuses on the positioning of the EU against its main competitors. It describes the main
changes in R&D, net sales, profitabjland employment over the past yeand summarises the ten

year performanceén R&D forthe four industrieswhichaccount for a large proportion of thetal R&D

in the Scoreboardthe health, ICT producerdCTservicesand automotive industrieg.

Chapter 3 examines the R&D and economic trends of an extended sample of companies
headquartered in the EU and Uk/hichrepresents the top 1000 R&D investors in the EB2Be time
(2019). It includethe companies in the top500R&D worldwide ranking (542000) and an additional
number of companies to complete the rankin§the top 1000 (458 1000). The analysis includes
characterisation of two groups of compani#isose in the top of the ranking (comprised in the global
R&D ranking)and the rest of companies in the bottom of the R&D ranking.

Chapter 4 presents a patent analysis showing tlositning of the EU in developing green
technologie$’. The scope of this analysis goes beyond 8woreboardsample of companies,
comparing theangeof EU firmgn its entiretyagainst their main competitors from major economies.
It includes detailed ségr and technologyanalyes, and focuses on the highaluegreenpatents, i.e,

I A 2 4 A x

GK2aS LINRPGSOGSR Ay G tSradg Ge2 LI GSyYyd F dzi K2 NR(A

Chapter5 provides an experimental pilot presentation on a novel approach to indicate the alignment
of top investors in R&Wvith a selection of the UN Sustainable Developmenl& (SDGs)s captured
through a disclosure and reputation index. The performasiceompaniesn relation tosustainable
development, theirdisclosure practicesas well astheir perceived impact on society and the
environment are considered. It includes qualitative scores about sectoral andwidedegioral
performance in five key SDGmm clean energy and sustainable productitm climate action and
findings with regard to theole of R&Dfor achieving most of the SDGshowing thatthe rapidly
advancing technologies of software/Al, biotechnolpg@and new materialsand processes are
particularly important in this respect.

12 According to the Cooperative Patent Classification (CPC) system. EPO/USPTO  partnership.
https://www.cooperativepatentclassification.org/index
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The datawas collected byBureau van Dijlc ! a 2 2 R dyfitd Compahyfollowing the same
approach and methodology applieid all Scoreboardeditions since the first onén 2004. For
background informationplease see Annex 1.

The methodological approach of ttf8roreboardits scopgeand limitations are described in Annex 2.
Users of theScoreboarddata are advised tgpay particular attention tothe summary of the
methodological caveat&xplained in Box A2.1.

Annex 3 provides two complementary tablesie showing thenain statistics for the world sample of
companies aggregated by industrial sectgrand the other showingthe sector and country
composition of the EU28000sample. Accesdo the full dataset iprovidedin Annex 4.

The complete data set is freely asséble online at:
https://iri.jrc.ec.europa.eu/scoreboard/220-eu-industriatrd-investmentscoreboard
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This chapter provides an overview of global industrial R&D isandshe main factors that shaped
corporate R&D investments in 2019fdcuses on the tof2500investors in R&Worldwide and their
economic activity in 2018,

1.1 The economic context and technological trends.

This section summarisethe main economicfactors and technological trends that influenced
O2YLI yASaQ ws5 A yiduikyd brid fgrivaid-lobkyhg insighiigio events that are
likely to continue affecting R&iDvestment in 2020 and beyond.

1.1.1 The economic context

COVIBE19 effects notyet in this Scoreboard edition

The reference period for the 20Zkcoreboards the year 2019, thus the effects of th©WZID19 crisis

are not yet reflected in the datasethese effects will be reflected in financial reports for 2020 and
addressed in nex@ S | S¢deboardHowever, it is worth to outline the likely strong effects that this
crisis is havingn world economies and consequently on the capability of companies to invest in R&D.

Indeed, many companies are seeing sales and profits fall in &8@@inancial stringency is likely to
increase pressure to reduce R&D budgets. However, experience with previous recessions has shown
that companies that maintain, or better still, increase their R&D budgets in difficult times emerge with
greatly improvedproduct/service ranges and are in a much stronger competitive position for
profitable growth in the upturn that always follows a recession.

The US/China trade dispute

The US/China trade dispute have caused companies-&xamine their supply chains. Theqrity
used to be jusin-time and efficiency but now resilience, supply redundancy, reshoring and
regionalisation are receiving much higher prio¥ityn addition, the US is decoupling substantial parts
of its economy from China, sourcing more goods fidexico and using suppliers from developing
Asian countries where costs are lower than those in China.

13TheScoreboardh & o6+ &SR 2y AYyF2NXI GA2Yy GF 1Sy FTNRY GKS O2YLl yrsaq ¢
correspondtdd £ SYRIFNJ @SFNJ uamps odzi I AAIYAFAOLyi ydzM(ImSadse2 T 02 Y LI
companiesn particularbut alsomany UK firms). There are few companies included with financial years ending as late as the

end of June 2019, ana small number for which only the accounts up to the end of 2018 were available. Therefore, we

should refer to the data of the last available year as 2019/20, those of the previous one as 2018/19 and so on. However, for

most companies the last availableayecorresponds to calendar year 2019, the previous year to the calendar year 2018 (and

so on). For reasons of clarity and consistency, we decided to refer to the last available year as 2019, the previous year as

2018 (and so on).

14See Preziosi, N., Falk, Hristov, H., Jonkers, K., Goenaga, X. (eds) Alves Dias, P., Amoroso, S., Annoni, A., Asensio Bermejo,
J.M., Bellia, M., Blagoeva, D., De Prato, G., Dosso, M., Fako, P., Fiorini, A., Georgakaki, A.,Gkotsis, P., Godpagh, X., Hris
JaegeiWaldau, A Jonkers, K., Lewis, A., Marmier, A., Marschinski, R., Martinez Turegano, D., Munoz Pineiro, A., Nardo, M.,
Ndacyayisenga, N., Pasimeni, F., Preziosi, N., Rancan, M., Rueda Cantuche, J.M., Rondinella, V., Tanarro Colodxon, J., Telsni

T., Testa, G., Tj C., Travagnin, M., Tuebke, A., Van den Eede, G., Vazquez Hernandez, C., Vezzani, A., Wastm, F., China
Challenges and Prospects from an Industrial and Innovation Powerhouse, EUR 29737 EN, Publications Office, Luxembourg,
2019, ISBN 9782-76-02997%7, d0i:10.2760/445820, JRC116516.
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The trade dispute has led to Huawei being banned from US 5G and other networks and then from the
networks of some close US allies. These bans tyaseed up opportunities for EU companies such as
Ericsson and Nokia in 5G infrastructure.

In summary, empanies see an economic environment that combines low inflation and low interest
rates with reducedlemand, falls in GDP, high and rising unemploymedtr@duced working hours.

This poor economic environment leads to an overall decline in revenues and company earnings.
However, these averages hide big sector differences hathith and technology emerging relatively
unscathed. Added to all this, a secondve of ©VID19 virus cases is growing in many countries in
late summer/autumn 2020 and the uncertainty about when an effective vaccine will be widely
available make for a very uncertain outlook for 2021.

1.1.2 Key technological trends

Three key technologgreas in P19 are showing both fast growth and a wide range of applications;
these are software/Al/quantum computing, biotechnology and new, high performamaterials &
processes. The COVID virus pandemic has led to increased activity in the first @veas.
Software/Al has been given a boost since restrictions on travel and increased homeworking have
raised the demand for digital communication tools and for increased automation of both factory and
office tasks. In addition, the need to fight the vingh effective vaccines and new treatments have
emphasised the importance of the new tools and techniques of biotechnology. Great progress has
been made in developing a vaccine for the virus in less than a yetask that normally takes-80

years®. And two of the leading vaccine candidates, Oxford University/AstraZeneca and
Pfizer/BioNTec, have been developed by EU scientists.

The rapid progress in biotechnology in thé'2&ntury was underlined by the award of the 2020 Nobel
Prize for chemistryo two female scientists (from the EU and US) who developed the CREZEPR
technique for gene editing in 20113. This technique has revolutionised basic science, has been
responsible for innovative crops and is leading to grebrebking new medical traments. Nobel

prizes usually are awarded several decades after the work has been done but, in this case, the
breakthrough was so significant that the two scientists were tipped for a Nobel as early &% 2045

now outline recent advances in software/Al/gutum computing, biotechnology and new materials

in the following sections.

Software, Artificial Intelligence (Al), Hardware & Quantum Computing

The broad field usually termed IT is taken as comprising software/Al, technology hardware and
guantumcomputing and has seemutinued progress during 20M9ith certain areas such as remote
meeting technology (e.g. Zoom, Google Hangouts, Microsoft Teams) and cloud storage (Amazon,
Microsoft, Google) receiving a boost from the effects of the virus.

15 https://www.politico.eu/article/coronavirusvaccinehow-longwill-it-take-to-develop/
16 https://www.ft.com/content/f56e609ff399-4641-917e-26b16baf280a
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The 20®s could be the decade when Al delivers as it enables computers to process data and deduce
patterns way beyond what humans can do. Examples include Al already beating human champions at
GKS O02YLX SE 3 Y Sdridng cak Brdl @anslafndrbeteh MriguageS Hdwever, Al is

also beginning to discover new drugs, diagnose diseases from medical scans and help astronomers
find distant planets. Examples include the study published in Nature Medicine showing that Al
correctly diagnosed tumours frontans in 94.6% of cases compared to 93.6% for trained humans

but the Al system was far quickér

Microprocessor technology has been advancing rapidly as integrated circuits are made of ever finer
features but progress will soon be limited by atomic dimens. The next computing breakthrough is

likely to be in quantum computing which is on the cusp of a commercial breakthrough with the number

2F vdzoAla LISNI O2YLJziSNI NAaAy3a FNBY MH AY HAnc oOa
in 2019 (Rietti'®) and Google saying its current chip designs can be expanded to 100 to 100&°qubits

In September 2020 it was announced in the FT that Rigetti is leading a £10m consortium to build the
'YQa FTANRG O2YYSNDOALf f & In Adidudt 280,0Go8gle oikahtigts wkiMg O 2 Y L
D223ftSQa {80l Y2NB ljdzr yidzy O2YLMzi SN LISNF2NY¥SR i
reactiorfl. This is a first step towards modelling more complex quantum systems which quantum
computers should be very good at. That condanthousandsof different drug candidates being

tested in the time it currently takes to make one. Another major application area for quantum
computers is codebreaking and secure encryptionportant for national security.

Biotechnology

While biotech is enabling advances in agricultural crops, animal genetics, bioenergy and
biodegradation of waste, it is the successful development of new and highly effective drugs that has
had most impact during the past year. Medical biotech R&D has been concentratgidlogic drugs

¢ drugs made from all or parts of living organisms as opposed to the older chemical drugs. Vaccines
are simple examples of biologic drugs. In this area, rapid progress has been made in developing new
drugs made from monoclonal antibodiesth companies such as MorphoSys and Regeneron making

a wide range of antibodies and then developing new drugs from them. There has also been rapid
progress in immun@ncology with many new and effective immunotherapies developed to treat a
wide range of ancers. And there are new immunology drugs to treat serious autoimmune diseases
such as rheumatoid arthritis. The FDA lists 48 new dfaggroved in 2019, which contain NMEs (new
molecular entities that have not been used previously). And up tHQetoker 2020, a further 42 new

drugs containing NMEs have been apprc¥etihere has also been good progress in other areas such
as gene editing for both agricultural crops and for curing genetic diseases. A very recent
announcement by Bit.bio describes how steglls can be reprogrammed to turn into specific body

17The Times 7/1/2020

18 https://www.rigetti.com/what

19 https://www.technologyreview.com/2020/02/26/916744/quanturnomputerraceibm-google/

20 https://www.rigetti.com/about
2lhttps://www.newscientist.com/article/2253089o0ogleperformedthe-first-quantumsimulationof-a-chemical
reaction/#:~:text=A%20team%20a¥Google%20has,a%20practical%20amount%200f%20time.
2%https://www.fda.gov/drugs/newdrugsfda-cdersnew-molecularentities-and-new-therapeuticbiologicat
products/noveldrug-approvals2019
Zhttps://www.fda.gov/drugs/newdrugsfda-cdersnew-molecularentities-and-new-therapeuticbiologicat
products/novetdrug-approvals2020
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is undoubtedly the ultraapid development of vaccines foO¥ID19. It is an incredible achievement

to have five vaccine candidates from developed countriéh wtrict approval regimes in Phase IlI

clinical trials by end September 2628 ¢ the Oxford/AstraZeneca, Johnson & Johnson, Moderna,
Novavax and Pfizer/BioNTec vaccines. There are as many @/4Dvaccines in mainly earlier stage

clinical trials in bth developed and developing countrf@sAt the time of this report, theJK MHRA

and US FDAave approved the Pfizer/BioNTec vacciwlijch has already beconsvailable for key

workers and vulerable population in UK and UBhe same vaccirisundergoingapproval from EMA

andis very likely to become widely availaldtethe first half 0f2021also for EU citizens

New materials & processes

R&D continues on a wide range of new materials including novel batteries and fuel cells,
nanomaterials, graphendyigh temperature superconductors, supercapacitors, stgféicient solar

cells and others. And progress with novel processes such as modular nuclear reactors, nuclear fusion,
mass energy storage, hydrogen propulsion, large scale 3D printing and othetsoffealimportant
advances including clean energy solutions. Examples of the importance of R&D in these areas that
were highlighted in 2019/20 include bulk applications of graphene such as graphene enhanced
coatings used to protect the pillars and bladef adfshore wind turbine¥. And nanoparticles
(quantum dots) developed to make solar cells that are up to 25% more efficiént a larger scale

first houses are now being 3D printed to save labour costs (95% less labour hours) and construction
time®2, Lowertech innovations can bring benefits too such as a special white paint that can reflect
95.5% of sunlight and keep surfaces at temperatures up t6 8ver than their surroundingsg this

saves energy used for air conditioning.

While most past work on nilear fusion has been government funded (e.g. the Culham & ITER
projects), there are now private companies such as First Light FtisimhTokamak Energthat are

GNBAY3I (2 &aLISSR dzLJ G4KS O2YYSNDAFfAAF A 2anfdan2 T Fdzi A
FdzAA2y LIR26SNI o6& HnonQod

24 https://bit.bio/

25The Times 1/1/19

26 The Times 6/1/2020

27 https://lwww.nih.gov/newsevents/newsreleases/fourthlarge-scalecovid-19-vaccinetrial-beginsunited-states

28 https://ir.novavax.com/newseleases/newsgeleasedetails/novavaxnitiates-phase3-efficacytrial-covid19-vaccine
united

29 https://lwww.bbc.co.uk/news/health51665497

. @ adzyl Ay3 Ay t2K/E BAGE S2OK YR { YERANZEH N M ¢

31The Times 18/2/20 p22

32 https:/lwww.mightybuildings.com/prefakech

33 https://nypost.com/2020/10/28/newwhite-paint-canreflect-95-5-of-sunlightmay-combatglobat
warming/#:~:text=Engineers%20at%20Purdue%20University%20in,conailb20while%20consuming%20zero%20energ
y.

34 https:/ffirstlightfusion.com/
35 https://www.tokamakenergy.co.uk/
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Progress with higher energy density batteries and hydrogen fuel cells has extended the range of
electric vehicles and is bringing nearer the possibility of fully electrically powered flights of up to 1000

YAT S&a o ¢ stSullyeRdiE dfmercilil aircraft took flight in Canada in December®04ing

a plane from Harbour Air which intends to electrify its fleet of 40 seaplanes used on relatively short
commercial flight routes. And Lilium is developing an electric (¥&tical takeoff & landing) low

noise jet for regional routes flying between city vertipfls [ A f A dzyQa FAY Aa (2 KI ¢
operational in 2025. Realising les@st longrange electric vehicles, lorgnge electric aircraft and

costefficient energy storage for use with intermittent power generation sources such as wind
turbines & solar all require high density energy storage. One option could be to improve markedly
existing lithium batteries or use new scfithte batteries. A second is supapacitors which could

provide high energy density with almost instant recharging. Superdielectrics has developed electrically
conducting polymers which offer storage densities of 26Wh/kg but the company aims to increase this

up to 200Wh/kg (suitable fatrones & electric aircraft) in five yedfsThe third is hydrogen and Airbus

has unveiled plans for hydrogen aircraft able émrg 150200 passengers up tBR0 miles paving the

way for clean transcontinental flights within 15 yedr©On a smaller scal&ero Avia completed the

g2NI RQa TFTANRG KeRNBISY 7Fdz8ft OStf LizeaSpdSdhgerSt SOG N
plane) in September 2020 Hydrogen is already being used to power buses, trucks and trains and a
hydrogen fuel cell train was desnstrated on mainline tracks in September 2¢24hd the technology

should be available to retrofit to diesel trains in 2023.

Combination breakthroughs

Crosstechnology advances from two or three of Software/Al, biotech, new materials and other
technologyareas can often provide new breakthroughs. For example, an Al system trairizsD0n
well-researched compounds, some of which were effective against E.coli, has been used to search a
library of 100 million compounds to identify those effective against E.coli but different from all
previously known compounds effective against it. The tesas the discovery of a remarkable
molecule that is to be tested against superbtigénother example is the discovery that a narrow
range of UV wavelengths that can be generated by LEDs is safe for humans but lethal to viruses. This
technology could be @semely useful for controlling future pandemfésAnd we mentioned above

the huge potential impact of quantum computing on biotech drug research. The pandemic has
accelerated digital health reforrffswith widespread video consultations and the use of conipan

such as Amazon, Microsoft and Palantir to create data models that optimise the allocation of
equipment, hospital beds and staff.

36https://www.theguardian.com/world/2019/dec/11/worlddfirst-fully-electriccommercialaircraft-takesflight-in-
canhttps://www.rollsroyce.com/~/meda/Files/R/RollsRoyce/documents/customers/nuclear/spatarochurejuly-
2017.pdfada

37 https://lilium.com/journey

38 https://www.superdielectrics.com/outechnology.html

39 https://lwww.airbus.com/newsroom/presseleases/en/2020/09/airbusevealsnew-zeroemissiorconceptaircraft.html
40 https://www.prnewswire.com/newsreleases/zeroavi@ompletesworld-first-hydrogenelectricpassengeplaneflight-
301137976.html

41 https://lwww.electricvehiclesresearch.com/articles/21888/triadé-the-uksfirst-hydrogenrpoweredtrain-begin

42The Times 21/2/2020

43 Physics World June 2020 p38

44 https://lwww.ft.com/content/31c927c6684alleaabac9122541af204
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1.2  Industrial R&D landscape

This section outlines the main characteristics of the 2820reboardlataset. It describethe global

top 2500 companiesMistribution (and concentration) of industrial R&D at company, industng

country levels. This comprises the analysis of the geolocation of industrial R&D, disaggregating parent
O2YLI yASaQ wg5 o0& Bidales {baséloil paknf andlysis).(FRaiy, Nl seainn
includes a detailed analysis of the firmbich have entered and lefbhe Scoreboaraverrecentyears.

The top25003f 20+t O2YLIF yASa SIOK Ay@SadiSR Y2NB GKIy |
altogetherfor a total ofe /2 brgbthis isa 9.87% increase on the t@5000 2 Y LJI yivestniets
in the previous year

The amount of R&D investment by these compangegduivalent to more than 60% of the total
expenditure on R&D worldwide (GER&)dto around 90% of the R&D expenditure financed by the
business sector worldwideBox 1.1 shows aomparison of territorial statistics on R&D with the
Scoreboardigures.

Box 1.1- R&D figures from theScoreboardrersus territorial statistics

R&D figures used in th8coreboardare conceptually different from, but complementary to, those
provided by statistical officegollowing the Frascati mandalthe Scoreboardefers to all R&D financed
by companies from their own funds, regardless of where the R&D activities are performed. On the other

hand, statistical offices report R&D expenditures funded by the business enterprise sector and performed

within a given terriorial unit(BESvs 50 = NB Il NRf Saa 2F GKS t20Fd4GA2y 2F (K.
the main differences are due to tHact that R&Dtakes placeacross borders~or a given territorial unit
the Scoreboardeports R&D figures from companies headquartethere, including R&D performed
abroad through their subsidiaries (outward R&@n the other handterritorial statistics report the
WAY UGN YdzNI £ Q w3 ,5nd®R&D b Bréidadntrades! Yohdbayfids Srivard R&Mherefore,
at the global levelthe Scoreboardind BESR&D figuresire comparable (up to a certain level)

To illustrate the extent of th&coreboardR&D figures, we compare the latest available territorial statistics

(2018) with the R&D data from the 20Bxoreboardcompany data for 2018). The comparison shgws

that the amount of R&D investment by the t&50002 YLI YA S& OeyHo dmaeitidan A & Slj dzA B €
60%2F GKS G2GFf SELSYRAGAINE 2y wadboutéondtd tReGRERIS 6 D9 w5 X
expenditure financedby the business sector worldwide (B&S 53 € domy PHO Y U @

Sourcesi atest figures reported by Eurostat including most countries reporting R&D, extract@d/ by 2020 GERD, from al
funding sources and pexfmed in all sectors. BER&D, performedin all setors and funded by the business enterprise
sector.

The 2020 EU Industrial R&D Investment Scoreboard, European Commission RERC/DG

45 See https://www.oecd.org/sti/inno/frascatimanual.htm
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1.2.1Geolocation of companies and their R&D activity

[20FGA2Y 2F O2YLI yASaQ KSIF RI dzr NI SN&

The top2500 Scoreboard sample includes companies from 43 countries of widdrelMember
Statesof the EU®. The sample includes companies based in the42) (the US(775), China (536),
Japan 309), UK (121)laiwan (88), South Korea (59), Switzerland (58), [28x Canada (30), Israel
(22) and a further 15 countries (see Table 1.1 and Figure TRamost significant change compared
to last year is the increase in the number of Chinese companies (+29 companié$pibheegistered

a small increase (+6), vidanthe EU @), Japan-0) and South Korearl(l) have seen a decrease in the
companies in the ranking.

Table 1.1¢ Distribution of companies and R&D by country

EU No. companies wg5 HAMD non-EU No. companies R&,D 2(_)19 ,
0€e 0y U
Germany 124 (130) 86.6 us 775 (769) 347.7
France 68 (68) 33.8 China 536 (507) 118.8
Netherlands 38 (39) 20.3 Japan 309 (318) 114.9
Sweden 32 (33) 10.1 South Korea 59 (70) 32.9
Ireland 28 (27) 9.3 Switzerland 58 (58) 29.8
Denmark 32 (30) 6.0 Taiwan 88 (89) 18.1
Italy 24 (26) 59 Canada 30 (28) 4.9
Finland 16 (17) 5.7 India 29 (32) 4.9
Spain 14 (14) 4.7 Israel 22 (22) 3.1
Belgium 14 (12) 2.9 Australia 11 (12) 2.7
Austria 16 (17) 1.7 Norway 10 (10) 1.1
Luxembourg 7 (4) 11 Saudi Arabia 2 (3) 0.9
Portugal 3(2) 0.2 Brazil 5(6) 0.6
Slovenia 1(1) 0.2 Turkey 6 (5) 0.6
Hungary 1(1) 0.1 Singapore 6 (6) 0.6
Poland 1(1) 0.1 United Arab Emirates 1(2) 0.6
Greece 1(2) 0.1 Liechtenstein 1(1) 0.3
Malta 1(0) 0.0 New Zealand 3(3) 0.3
Total EU 421 (424) 188.9 Mexico 1(1) 0.1
UK 121 (127) 32.0 Further 5 countries 6 (6) 0.3
Total EU + UK| 542 (551) 220.9 Total 1958 (1949) 683.3

Note: Figures between brackets are the number of companies comprised in the pr&corteboard
SourcesThe 2020 EU Industrial R&D Investment Scoreboard, European CommissionRERC/DG

TheUSis the country vith the greatest numbebf top investors in R&Worldwide (775 companies),
followed by China (536) and the EU (421). For the first time since the publication ¢theboard
China is second only to théSin terms of number of companies in the R&D rankihghé UKwere
still in the EU, tBn Chinavould have been a close third.

If we look atR&D investmeninstead of the number of companies, the rankiftangeswith the EU
SeMyydpoy o 6S6¢minKSYWDE @@ T ¢RI yoof the ranking, while Japan

46 In this report, EU refers always to EU 27.
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0 € m ™ nrangsdfglinbh, for the first time behind not onthe USandthe EU, but also China. The UK
Ff 2y S> 0BnoliR&D iavestedin 2019, ramgixthglobally, behindthe USthe EU, Chinalapan,
YR {2dziK Y2NBlI O€0oHDHPOY O D

Figure 1.2a&; Map of the top2500 R&D investing ompanies by headquarters country/regian

Note: colour darkness proportional ®&D investmenin 2019 by the company headquartered in the country
BUis considered aa single region, only member statefiere at least one company is headquartered are highlighted.
SourcesThe 2020 EU Industrial R&D Investment Scoreboard, European CommissionRERC/DG

R&D investment is very concentratemmpaniesheadquartered in the tofive countries in terms of
R&D investmentthe US China, Japan, Germany and France) account for 77.6 % of thinR&D
sample (and 72.5% of the total number of companies)

If the EU is considerddstead ofthe individual27 EU Member Statethen the EUand US Chinaand
Japan hos81.6% of companieghat togetherwere responsible fo85.2% of totalinvestment inR&D
in 2019.

Location ofcompanysubsidiaries

The top2500companiesnvesting inR&Down just over 800000 subsidiarie¥, of which around
315000 are corporatéd 2 KAt S GKS O2YLI yASAQ KSIF RIjdzr NI SNE 6|
countries, there is at least one subsidiary B@@reboardompany inl97 countries/territories,

meaning almost every country has offidneUSis the countrywith the greatest numberof corporate

47 Data on ownership structure provided by Bureau van Dijk (BvD) and refers to the subsidiaries owned by Scoreboard
companies with a share of 50.1% or more.

48 Corporate subsidiaries are all companies that are not banks, financial companies or insuranceiesmiizey may be
involved in manufacturing activities but also in trading activities (wholesalers, retailers, brokers, etc.). They also includ
companies active in B2B or B2C #orancial services.
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subsidiaries (29.7% of the total), followed by the EU (22.9fb)China (13.4%) (seekigurel.2b
the geographic representation of corporate subsidiaries).

The Figurd..3 presents the distribution of numbeaf corporatesubsidiaries of th&coreboard
companiesacrosshe five world region&ountriesconsidered:

EU companies (EU HQyn the largest number oforporatesubsidiaries«98,700,31.7%6 of the
total) acrosghe regions/countries considered heir subsidiaries araostly located in the EUL(%)
and inthe US(24%).

US companies (US HQ) h&@&e2%b of the total number oforporatesubsidiarie$~90,800) which
aremostlyalso located in th&JS(49.5%) and in the EU (1520).

Japanese companies (JaparHQ) havdar fewer corporatesubsidiariesi2% of the total ~35000).
The ones they do hawre mostly located in th&)S(23.9%) andlapan(23.8%) and a smaller
numberin the EU(13.9%).

Chineg companies (ChiseHQ) havel1% of totalcorporatesubsidiarie~33100), which are
mostly located in Chin81.8%) followed by the EWb (%) and thdJS(3.7%).

Figure 1.2b; Map of the subsidiaries of the to2500companiesfor R&D investmenty country/region

Legend

Number of corporate subsidiaries

>20k
15k - <20k
10k - <15k

sk-<10k

¥(
g1
1-<5k o}

Note: Colourdarkness proportional to the subsidiaries in tt@untry. Data refers t®387companies (accounting for 98.5% of R&D in
2019) for which subsidiary dataavailable.
SourcesThe 2020 EU Industrial R&D Investment Scoreboard, European CommissionRERC/DG
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Figure 1.3; Distribution of the number of sibsidiaries by region.
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Note: Datarefers t02387companies (accounting for 98.5% of R&D in 2019) for which subsidiarisdatalable.
SourcesThe 2020 EU Industrial R&D Investment Scoreboard, European CommissionRERC/DG

Actual location of R&Dactivity

We use the location of inventors of patents owned by tBeoreboardcompanies and their
subsidiaries, filed at one of the five main IP offices in the period -2015*, as aproxyfor the actual

location of the R&D activitiesIn this manner, we redistribute the R&D of ti&oreboardoarent

companies from their headquarters to the location of their associated inventorgbtain an

estimation of the actual geographic distribution of industrial R&D worldwide.

This approach aliwsus toestimaeaws 5 Ff2gaé¢ FTNRBY GKS t20FdA2y 27F
KSI RljdzZr NISNEUOD (2 (KS & théraioke® valcdatetothUREDSIgWS acdssA y @S v
borders. For a given country, the inward flow is the R&D performed in the country but funded by
foreign-controlled companiesand the outward flow is the R&D funded by local companies but
performed abroaél. Similarly a further chaacterisation of the patent portfoliosby patent
classificationmay also allow us to estimat®&D flows across sectors, i.e. providing a relationship

between the patent, technology and sectors classifications.

49\We consider patent family applicatiops ; ; ; o ) .

50 See the JRCSTOK Y A O £ NELR2NI a9auAYlIUdAy3I UGSNNRAUZ2NRAILIE oO0dzaAySaa wsg!
2016.

https://iri.jrc.ec.europa.eu/sites/default/files/contentype//publication//reports//156880031 3//Estimating%20territorial%
20business%20RD%20expenditures.pdf
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https://iri.jrc.ec.europa.eu/sites/default/files/contentype/publication/reports/1568800313/Estimating%20territorial%20business%20RD%20expenditures.pdf
https://iri.jrc.ec.europa.eu/sites/default/files/contentype/publication/reports/1568800313/Estimating%20territorial%20business%20RD%20expenditures.pdf

Hgure 1.4a shows the geographic distributidintlee R&D applying patent data for the five groups of
Scoreboarc¢ompanies.

Companies headquartered in the EU perfor818% of their R&D within the EU. The percentage is
similar in theUSfor US companies8(.1%) and higher in Japan and China for JapanadeChinese
companies (88% an@0.4% respectively) The proportion of around 80% of R&D done in the EU by
EUheadquartered company is in line with the results reported in the 2019 EU R&D Survey

If we look at the difference between R&D activities perfedhin the region by local companies and
R&D financed by foreign companies located in the region, the EU has a small surplus, meaning more
R&D is performed in the EU thé&financed by companies with their headquarters in the EU.

By contrastthe USand Japan show a deficit (meaning the R&D performed in the regleasthan
that financed by companies with headquarters located in the region), while in China the small inward
and outward R&D flowbalanceeach otherout.

Figure 1.4 Distribution of R&D by location of inventors for main regions.
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SourcesThe 2020 EU Industrial R&D Investment Scoreboard, European CommissionRERC/DG

If we look at sectors inside regions, we see that the effects of dvosfer R&D flows are more
significant for somesectorsthan for others Fgure 1.4b shows the sector distribution of the R&D
funded by local companies (HQ) and the actual R&D perforiméige region (including the inward
flow, R&D performed by foreigawned companies, and excluding the outward flow, R&D funded by
local companies but performed in another region). The differences between the two ingitiage
R&D surplus (or deficit) fohe region.

51 See Potters, L. and Brassano: The 2019 EU Survey on Industrial R€&Xtment Trends; EUR 30005 EN; Publications
Office of the European Union, Luxembourg, 2020, ISBN27&-112785, doi:10.2760/200895, JRC119026.
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The EU shows a small surplus in the Automobiles, ICT and Industrials sectors and a smalltdeficit in
Healthindustry. In the US, théHealth sector posts a surplus while US ICT producers artde ICT
Servicessector show a deficit with respect tather regions.For Japan and Chindnere seems to be
very little difference across sectors.

Figure 1.4k Distribution of R&D by sector: location byeadquarters (HQ) vs location by inventors.
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1.2.2 Sector and green tech classifications

Classifing companies ito specific industrial sectaris not an easy or unambiguous task, especially
when dealing with big multinational companieshich by nature can operate in different sectors. To
assign the companies the Scoreboardo a specific sector, we use the main sector in which they carry
out their businesswhichis usually indicated by the company themselves in their annual repsitsy
taxonomies such as the International Classification Benchmark®{IdBple 1.2 reports the
distribution of companies by sector according to the ICB andpgo inbroadmacro-sectors.

Companies in our sample operate in a wide range of sectors, although the bulk of afeem

concentrated in sectors characterised by higbels ofinnovaton:

- One out of five companies in our sample belongs to thealth A y Rdza i NR& S/Mich & S
accounedfor 20.5% of R&hvestmentin 2019.

- Almost one out of three companies in the sample is an ICT company, belonging eithedtd. / ¢
LINE RdzOSNB ¢ oMy dm>0 2NJ aL/ ¢ ASNIIAOS & &for@mostd i’z O
40% of the total R&D in the sample;

- ¢KS a!dzi2zY20At S lagtduntdifonie.§%a df R&MIINEthe daghplanRidthe one
with the largest amount oR&Dinvesment per firm,owingboth to the nature of the R&D process

52 http://lwww.ftse.com/products/downloads/ICBStructurEng.pdf
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in this sector ad the fact that it is the sector in which firms driggest (with an averageof 17,813

employees per firm).

The four sectors mentioned (Automobiles & other transpblgalthindustries, ICT producers and ICT
services) represent 60% odmpanies and 76.7% B&D investment

This distribution of companies and R&) sectoiis verysimilar tolast year with the biggest changes
being a decrease of 16 firms in the ICT producers sector group and an increase of 15 firrhtealtthe

industries sector.

Table 1.2- Industrial classifications applied in the Scoreboar8 industrial groups.

Industrial Sector

Sector classification ICB4 digits

N. of firms

R&D 2019
0€)oy

% of total
R&D

R&D per firm
0e YATf

Aerospace & Defence

AerospaceDefence

45

20.6

2.3

457

Automobiles & other
transport

Auto Parts; Automobiles; Commercial
Vehicles & Trucks; Tires

187

147.3

16.3

787.7

Chemicals

Commodity Chemicals; Specialty Chemica

130

23.1

2.6

178

Healthindustries

BiotechnologyHealthProviders; Medical
Equipment; Medical Supplies;
Pharmaceuticals

530

185.6

20.5

350.2

ICT producers

Computer Hardware; Electrical Componen
& Equipment; Electronic Equipment;
Electronic Office Equipment;
Semiconductors; Telecommunications
Equipment

461

208.5

23

452.3

ICT services

Computer Services; InterneBoftware;
Mobile Telecommunications

322

152.8

16.9

474.7

Industrials

Aluminium; Containers & Packaging;
Diversified Industrials; Delivery Services;
Industrial Machinery; Iron & Steel;
NonferrousMetals; Transportation Serviceq

291

49.4

5.5

169.9

Others*

Alternative Energy; Banks; Beverages;
Construction & Materials; Electricity;
Financial Services; Food & Drug Retailers;
Food Producers; Forestry & Paper; Gas,
Water & Multiutilities; GeneraRetailers;
Household Goods & Home Construction;
Leisure Goods; Life Insurance; Media;
Mining; Nonlife Insurance; Oil & Gas
Producers; Oil Equipment, Services &
Distribution; Personal Goods; Real Estate
Investment & Services; Support Services;
Tobacco; Traal & Leisure

534

117.2

13

219.5

Total

2500

904.7

100

361.9

Note:* Sectors in the "Others" group are presented at-igits level.
SourceThe 2020 EU Industrial R&D Investment Scoreboard. European CommissionRERC/DG

Table 1.8 showsthe number of companies by sector and reginith § KS NB3IA 2y Q4

sectorin brackets These numberslearly showthe largerole US companies play the ICT sectors

w35

a K

andHealthsectors Table 13.bmeanwhile, shows KS NB 3 A 2 y Q4 in thesketoh(yelhs a G Y Sy i
with the share of companies by sector and regiobrackets
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The EU plays a crucial role in R&D in the Automobile industry and the Aerospace sector (which is

however, quite small) Sectoral analysis is further developeddmapter 2.

Table 1.% - Distribution of global2500companies by industrial sector and regianumber of companies

Industry EU EU 28 us Japan China RoW Total
gzggigzce & 10 (39.7%) | 15 (48.8%) | 14 (40.6%) 0 (0%) 502%) | 16(17.7%)| 45 2.3%)
ﬁtﬁtgmfﬂsesoﬁ 42 (44.6%) | 47 (45.9%)| 33 (15.2%) | 36 (24.4%) | 44 (8.1%) | 32 (7.8%) | 187 (16.3%)
Chemicals 20 (23.9%) | 25(25.8%)| 27(18.7%) | 34@4%) | 25(7.1%) | 24 (16.2%)| 130 (2.6%)
i':ﬁig‘ries 81(19.5%) | 106 (25.9%)| 284 (49.5%) | 36 (7.7%) | 54 (3.5%) | 75(19.7%)| 530 (20.5%)

ICT producers

49 (12.9%)

58 (13.3%)

122 (40.9%)

55 (10.4%)

125 (17.1%)

110 (18.7%)

461 (23.1%)

ICT services 32(87%) | 48(10.7%)| 162 (68.6%)| 8(3.6%) | 70(13.6%)| 50(5.5%) | 322 (16.9%)
Industrials 71 (245%) | 79 (26%) | 42(19.4%) | 54 (21.2%)| 85 (22.9%)| 39 (12%) | 291 (5.5%)
Others 116 (18%) | 164 (27.7%)| 91 (17.9%) | 86 (16.4%) | 128 (26.1%)| 113 (21.5%)| 534 (12.9%)
Total 421 (20.9%) | 542 (24.4%) 775 (38.5%) | 309 (12.7%)| 536 (13.1%)| 459 (14.8%)| 2500

Note: The figures in brackelsK 2 6 S OK 4SO 2NNa NBIA2ylLFf LISNDODSyidl3Isa 2% Gz2dal

share by region is highlightetihe total in the final columshowsthe number of firms in the sector and in brackets their share of the total
R&D The total in the final rolghowsthe number offirmsin the region with their share of R&In brackets The EU28 column does not
account for the final column total

SourceThe 2@0EU Industrial R&D Investment Scorebo&dropean Commission, JRC/R&

Table 1.3b- Distribution of global2500companies by industrial sector and regigw g 5 Ay @S a §i SR

Industry EU EU 28 us Japan China RoW Total
gz;gf]‘gzce & 8.2(22.2%) | 10(333%)| 83@11%)| o0©%) | 04@111%) | 3.6 (35.6%)| 20.6 (1.8%)
Automobiles & ® 67.5 o 35.9 o 11.4 o
other tansport | 657@28%) | 10| 224a7em|  (Pn | 11e@esw| oy | 1472(75%)
Chemicals 55(154%) | 6(19.2%) | 4.3(20.8%) | 7.9(@26.2%)| 1.7 (19.2%) | 3.7 (18.5%)| 23.1 (5.2%)
Health . ) ) . . 36.5 .
Heatn, 36.3(15.3%) | 48 (20%) | 019 (636%)| 143 (6.8%) 65(102%) [ rpe | 1856 @1.2%)
27.8 21.6 39.1
0, 0, 0, 0,
ICT producers | 26.910.6%) | (5 | 888288 (7o | 357 @7%| o | 2085 (184%)
ICT services 13209%) | 1146; 4 | 1049(603%) 5.5 (25%) | 207 21.7%)| 8.4(155%) | 152.8 (12.9%)
Industrials 12.1 (24.4%) 129 9.6 14.40%) | 105 11.3 (29.2%) | 6 (13.4%) | 49.4 (11.6%)
(G (27.1%) 6 (14. (18.6%) 3 (29 : 4L
32.4 19.2 25.2
0, 0, 0, 0,
Others 20@LT%) | oy | 22T | goiey | 305@) | Yh | 1169 @14%)
220.9 114.9 133.9
0, 0, 0,
Total 1889 (168%) | 5, | 3477G1) | ol | 1188 @La%)  (ga 904.2
b2GSY ¢KS FA3IdzNBa Ay o6NI O] ShGa aKrmberdifidnkin ttie Sedtir 2TNEzall relEsantirg) yhe

higher sectoral share by region is highlighted. The total in the final colnows thetotal R&D investedh the sector and in bracketbeir
share of the totahumber of companiesThe total in the final rovehows the R&D invested bfirms headquarteredn the region with
their share offirmsin brackets The EU28 column does not account for the final column total

SourceThe 2020 EU Industrial R&D Investment Scoreb&ndpean Commission, JRC/R&
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Apart from the grouping of sectors reportediablel.2, wealso use in the report a different grouping,
based on the R&D intensity (R&D/Net salesyegftors and is reported ifiablel.4.

Companies operating either in high or medilmgh R&D intensity stors perform almost 90% of the
R&D in the sample.

This is not surprising, given the nature of theoreboardgnd the king of firms included in the R&D
ranking.

Table 1.4 Industrial classifications applied in the Scoreboardhe 4 sector groups of difrent R&D intensity.

Sector N. of R&D i R&D per firm
R&D Sector classification ICB4 digits** fir.ms HAMm| total 6 ¢ pYA £
intensity* bn) R&D

Aerospace; Biotechnology; Computer Hardware; Computer
Services; Defence; Electronic Office EquipmideglthProviders;
High Internet; Leisure Goods; Medical Equipment; Pharmaceuticals;] 1140 504.9 55.8 442.9
Semiconductors; Software; Technology Hardware & Equipmen
Telecommunications Equipment

Auto Parts; Automobiles; Commercial Vehicles & Trucks;
Commodity Chemicals; Containers & Packaging; Diversified
medium | Industrials; Electrical Components & Equipment; Electronic
high Equipment; Financial Services; Household Goods & Home
Construction; Industrial Machinery; Personal Goods; Specialty
Chemicals; Support Séres; Tires; Travel & Leisure

923 304.7 33.7 330.1

Alternative Energy; Beverages; Fixed Line Telecommunication
Food Producers; General Retailers; Media; Oil Equipment, Ser] 150 30.7 3.4 204.7
& Distribution; Tobacco

Aluminium; BanksConstruction & Materials; Electricity; Food &
Drug Retailers; Forestry & Paper; Gas, Water & Multiutilities; Ir|
Low & Steel; Life Insurance; Mining; Mobile Telecommunications; 287 63.9 7.1 222.6
Nonferrous Metals; Nonlife Insurance; Oil & Gas Producers; R4
Estate Investmeng Services; Transportation Services

medium
low

Total 2500 904.2 100.0 361.7

Note: This classification takes into account the average R&D intensity of all companies aggregateddigit€&e8torsHigh above
5%; Mediumhigh between 2% an8%; Mediumlow between 1% and?% and Low below 1%. Some sectors are adjusted to
compensate for the insufficient representativeness of 8mreboardn those sectors using the OECD definition of technology
intensity for manufacturing sectors.

* For simpliication, in this reportthesefour groups are also referred to as high tech, medihigh tech, mediurfow tech and low
tech.

**Sectors included in the "Others" group in table 1.2 are presented at ICB3 level

Source: The 2020 EU Industrial R&D InvestnmeBoard, European Commission, JRGRG

Green techintensity of the Scoreboard companies

In addition to the sector classification, an insight into the priority areas of industrial R&D investments
would providepolicymakerswith better insight intoindustrial strategiesandallow themto mapthese
strategiesagainst societal needs and policy goals.

The level of R&D intensity of a sector is a proxy of its technological content. However, as already stated
in past editions of theScoreboaref, broad irdustrial classifications are not sufficient to characterise

53 See for examplélernandez,H., Grassano,N., Tubke, A., Amoroso, S., Csefalvay,Z., and GkotsisP.: The 2019 EU
Industrial R&D Investment Scoreboard EUR3 0002 EN; PublicationsOffice of the EuropeanUnion, Luxembourg2020,
ISBN9782-76-112617, doi:10.2760/04570, JRC118983.
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the technological profile of companies. To analy@@ YLJI YA SaQ GSOKyiedegddr Ol f
additional indicators comprising detailed technological classificatisunsh) agatent or bibliometic
analysesasthe one presented itthapter5.

Against the backdrop @ustainable Development Goals, theed for climate change mitigation as a
globalchallenge, the Paris Agreemeand for the EU the European Green Deal, this report looks at
the patent portfolio of Scoreboard companies in green technologiesan example, we look at the
patent portfolio of companies to see how many of them have patented green technologies according
to an existing patent classification syst¢m

We retrieved patent data for 1364 of the t&#500companies that accounts for 85.1% of the total
R&D in the sample in 2019. Of the total patents owned by these companies, 9.5% are classified as
green patents.

Looking at the share of green patents by ICB3 sector, we aggregate them according to their green
patent intensity (ratio of green patents over total number of patents). Using the overall average, we
divide the sectors ito two groups, those with abovaverage green patent intensity and those with
below average green patent intensity (see Figure 1.5).

Figure 1.5 Shareof greenpatentsin each sector athe ICB 3 level
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Note: Datarefers to 1364 companies (accounting for 85.1% of R&D in 2019) for which pateris deddlable.
Patent data refers to the period 2042016.
SourcesThe 2020 EU Industrial R&D Investment Scoreboard, European CommissionRERC/DG

54 See Pasimeni, F., Fiorini, A., and Georgakaki, A. (28489ssing private R&D spending in Europe for climate change
mitigation technologies via patent dat&Vorld Pateninformation, 59, 101927.
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The majority okectors and companies faltinthis second group (800 companies out of 1364)

The sectors witlaboveaverage numbers of green pateriteludeenergyrelated sectors (alternative
energy, electricity, oil & gas), the construction sector, the automobile and the general industrials
sectors,andthe chemical sector. The automobile sector, in which the presence of Japanese and EU
companies is very strong,afove average in terms of green patent intensity.

1.2.3 R&Dinvestmentsby world region and industrial sector

The overall level of R&D investment has increase2D19 by8.9%compared t02018(seeTable2.1),
but the distribution among regions has remainadtg stable, with theJSaccounting for the majority
both of companies andf R&D invested (see R&D shares for regions and countriégure1.6).

Smetrendsreported inpreviousScoreboaraditions continued this year, like the growth of China,
both in terms of companies and R&D share (from 11.7% in 2018 1861iBis yearcompared t05.9%
in 2014. This growtthas mainly beemt the expense of Japan atite EU whose share has declined
in recent yearsForthe EU, ithas decreaseftom 23.9% in 2014 t®20.9% in 2019andfor Japan from
14.3% in 2014 to 12.7% in 2019.

This growth is not only due to ancrea® in thenumber of Chinese companies investing in R&D, but
also to a progressive increaBeR&D invesnent.

Figure 1.6c R&D investment by region and country

Switzerland 3.3%
South Korea3.6%

UK3.5%
Other EU countries

1.9%
Italy 0.6%

Denmark0.7%
Ireland 1.0%

Taiwan 2.0%

'/' Other RoW2.3%

Swedenl.1%

Netherlands2.2%
France3.7%

EU Total 20.9%
(421)

Japan 12.7%
(309)

Germany9.6%

US 38.5%
(775)

SourceThe 2@0EU Industrial R&D Investment Scorebo&dropean Commission, JRC/R&
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1.2.4R&D investments by industrial sector

Looking at sectors, the picture hasonot changed much compared to lastyeasa L / ¢ LINE R dzO S N.
Iy RlealihL y' R dz& (i Nth tBeitap tw $&Btors in terms of R&D invested, accounting together for

almost 43.5% oR&D investmenin 2019 ¢ompared to44.0%in 2019. See R&D shares for regon

and industrial sectors iAgure1.7.

Figure 1.cw3 5 Ay @SadyYSyld o0& NBIAZ2Y YR aSOG2NIAYy €0y
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SourceThe 2020 EU Industrial R&D Investment Scoreb&andpean Commission, JRC/R&
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in terms of R&D invested. This is the result tdragterm trend thathasseen automobile companies
overtakenfirst by ICT hardware and now by ICT sewvicempanies in terms of numbers and R&D
invested.

A closer loolat sectoral groups (at ICB 3 Level) confithis trend: while thetop five sectors in terms
2F wg5 AYyPSAGSR INB GKS &aryYS Fa Ay Hamn omMdét KI
Parti¢ T 0®d¢é ¢SOKy2ft238 |1 FNRgINBE 3 9ldZALIYSY UG£ noé{:
9f SOUNAROFE 9ljdZALISYGE0S y26 ¢{2F06FNB 9 [/ 2YLlzi S
9l dA LIYSY (i ¢ GKANR | yfderthé | dzi2VY20Af S& 39 t I NI&¢

This signals a sectehift that is happening in the topvestors in R&Danking, with the higkiech
sectors progressivelyideningthe gapto mid- and lowtech sectors.
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1.3 Scoreboard 2020: main changes and enéyit analysis

1.3.1 Oneyear comparison of Scoreboar20192020

The raningof the top 10investors in R&MDasregisteledone new entry. Facebook (11th in last y@ax
ranking) is now™. Daimler which waslOth last yearis now11" (see Figure 1.8).

For the first time in 17 editions of the EU R&D investrecreboarda Chinese compariduawei)
is in the topthree companies worldwiddor R&D investmentOnly one EU companyg in the top 10
(Volkswagenat 6), along withsix US companies, one from Soiorea and one from Switzerland

The growth oflarge tech companies (especially W®mpanie$ in the past 5 yeardias been
exponential Alphabet/Google increased its R&D by 165% in five years, Huawei by 225%, Apple by
168% and Facebook by 410%. The company that grelgdlseamong the top 10 in the past five years

is Volkswagen, whiabnly increased its R&D investment by 9%.

Figure 1.8 ToplGnvestors in R&D; R&D investmentin 2019 vs RD investmentin 2014(Scoreboard 2020
2015)
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Korea) (Germany) (Switzerland) JOHNSON (US)

Note: for each company, the bar on the left represents 2BR®D investmentthe bar on the right 2014 R&D investment.
SourceThe2020EU IndustriaR&D Investment Scoreboarffluropean Commission, JRC/R&

Of the top 10 of 5 years ago, the three companies tiiatpped outincludetwo pharmeceutical
companies(Novartis was 8 and isnow 14", Pfizer was 1'0and isnow 16") and one Automobile
company(Toyota was 9 and isnow 12"). Thesethree spots have been taken kbyree ICT companies
(Huawei was 1% and isnow 39, Apple was 18 and isnow 5", Facebook was %5and isnow 7). If
we go further back in time,fahe top 10 companies ithe currentScoreboardfivewere alsoamong
the top 10 in Scoreboard 20{Roche at ?, Microsoft at &, Volkswagen at® Johnson & Johnson
at 8", and Samsung at 1.
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Thetrends among thaop 10investors in R&Deflects general developments at sectoral level, with
the rise of ICT sectors at the expenses of the Automobile sector (in tershs in thenumbers of
companies and R&D).

It is likelythat next year we will see a new rise ldéalthsector companiesraong the top investors,
given the massive investmentadein 2020 to find a vaccine for COVIB.

Of the top2500investors in R&I 2019, 2267 were already in the t8p00sample othe year before.
These companieaccount for98.1% of R&D investmenin 2019.Some companies made spectacular
jumps ahead in the ranking, like Liuzhou Iron and Steel Company (Q¥tingt),wentfrom 241" in
last yeaf @anking to 725, KPN (Netherlandsifrom 2227" to 563"), and Myocardia (U$2498" to
929"). Othe companiedell a long way in the rankingsuch agratung Company (Taiwanyhich went
from 2138"to 906", Pitney Bowes (Ug)om 970" to 2089"), and Element solutions (U&om 1204"

to 2220").

Among the 233 companies thakited or enteredhe ranking, we can distinguish two categories (see
Table1.5).

The first categorgonsists otompanies on thdringesof the ranking. We can distinguish those that
were in the ranking in 2019 (mainly toward the bottom) and did not make the cut thisbgsause
they did not invest enough (69 companies egjtfrom those that did not invest enough to enter the
list last year but did this year (55 compan@gered). These companies (both those who exliand
those who entered the rankindjave been examigd, and their movements i or out of the ranking
can be considered natural.

The second categormonsists ofcompanies that really entered or exited the rankimgeaning they
were not on the radar beforeor that they disappearedThere arel65 companiesthat fell out the
ranking and 178 new companies treaitered it.

Among the companies that exited, the main reason is because other companies have acquired them,
and even if they still exist, they are not independent anymore. Thireigase fothree companies

that were rankedjuite high last year and are not in the ranking anymore: CELGENE CORB37&hk

has been acquired by BRIST@YERS SQUIBB; RED HAT (ranké&y B43 been acquired by IBsind

ARRIS INTERNATIONAL (ranketl)2&8 been acquiredy COMMSCOPE

The companies that entered the rankingmeanwnhile, are mainly either the result of a
merge/split/demerge/spin off or more rarely- companies that disclosed their R&D only in their last
audited balance sheet, either for strategic reasondecause they recentlwent public. This is the
casefor the three highestrankednew enties CORTEVA (ragdk135"), whichis the result of a spinoff
from DowDupont in 2019, DOW INC (radk235"), whichis a spinoffrom DowDuPontmearwhile,
MAGNA INTEMATIONAL (268) had no R&D figuiisslosedast year.
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Table 1.5 EntnExit in the top2500in the last year

Region Sector Exit Entry

Aerospace & Defence 0 0

Automobiles & other 3 2

Chemicals 1 3

EU Healthindustries 8 11
ICTproducers 3 1

ICT services 1 1

Industrials 4 2

Others 13 10

EU Total 33 30

Aerospace & Defence 4 1
Automobiles & other 0 0
Chemicals 2 1
US Healthindustries 37 52
ICT producers 14 4
ICT services 12 14
Industrials 4 5
Others 4 6
US Total 77 83
Aerospace &efence 0 0
Automobiles & other 1 1
Chemicals 0 0
Japan Healthindustries 1 0
ICT producers 6 1
ICT services 0 0
Industrials 2 0
Others 3 2
Japan Total 13 4
Aerospace & Defence 1 0
Automobiles & other 4 5
Chemicals 5 5
China Healthindustries 2 6
ICT producers 12 22
ICT services 6 8
Industrials 4 11
Others 19 25
China Total 53 82
Aerospace & Defence 2 1
Automobiles & other 2 3
Chemicals 2 2
Healthindustries 15 8
RoW ICT producers 11 4
ICT services 5 4
Industrials 10 2
Others 10 10
RoW Total 57 34
Total 233 233

Note: EU 28 values do not account for the total
SourceThe 2@0EU Industrial R&D Investment Scorebo&dropean Commission, JRC/R&
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A general methodological caveat when reading 8ereboardOnly companies that disclose their
R&D figures according to thiecoreboardnethodology (seénnex 2) can be included in the ranking.
Moreover, R&D figures for some companies may be wmlesverstated. The most extreme example
of this is Amazonwhich would be positioned atlin the world R&D ranking if it had separated its
R&D and content investments in its annual report (see explanation in Bpx 1.

In conclusionentry-exit in the last yeadoesnot greatlyaffect the overall picture of R&D investment
by sector and region. Keeping this in mind, it is also evident thai/8aad Chindnavea more dynamic
business environment than EU and Japan, with companies entering and exiting the rarkinigteer
rate than the other regions. The net entexit is in fact positive fathe USand China (meaning more
companies entering than exitl the ranking) and negative for the EU and Japanking at this from

a sectoral perspective, thidealth(especally biotech) and ICT sectors (both producers and services)
are the most dynamic

1.3.2 Entry-exit analysis for Scoreboards 20152020

To get a better picture of the entrgxit dynamics, we load backover the last years. In the past 5
years, 8l1Zompanies have entered/ext the ranking (sedable 1.6). The 1688 companies in both
editions of theScoreboardnade up88.8% of the R&D in 2019, so companies thatsaablein the
rankingmade thevast majorityof investment inR&D.This indicates that the bulk of ttehange took
placeat the bottom of the ranking.

Among those that fell out the ranking, apart from the enéyit toward the bottom of the list, the
main reason is mergers/acquisitions. Of the first 10 companies thas weScoreboard 2016ut are

not in Scoreboard 20209 were in fact bought, disappeared or became a subsidiary of another
company. These companies are:

- ALCATELUCENT (ranked %4 bought by Nokia;

- CELGENE (ranked'§2acquired by Bristé\lyers Squibb;

- MONSANTO (ranked 9] acquired by Bayer;

- YAHOO (ranked 11§ partially acquired in 2017 by Verizon Communications;

- SHIRE Pl({@nked 164), bought by Takeda Pharmaceutical;

- FREESCALE SEMICONDUCTOR (rankedh&éged into NXP Semiconductors iri20

- SANDISK (ranked 1§8acquired by Western Digital;

- AVAGO TECHNOLOGIES (ranket),1@kich acquired Broadcom Corporation in January 2016
and merged into Broadcom Inc;

- ST JUDE MEDICAL INC (rankedl€@@mpany was acquired by Abbott Laboratoriesanuary
2017;

- AMAZON.COM (ranked 206 not included due to disclosure practice, st 1.2 below

Among those that have entered since Scoreboard 2015some are the result of a
merge/splittdemerger/spin off, some disclosed figures they did not diselbefore, and some are
simply new companies founded in the pasL® years with an extraordinary history ajrowth that
led to their inclusiorithe Scoreboard
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Table 1.@&Evolution of Scoreboard 2042020

Region Sector Exit Entry
Aerospace & Defence 7 3
Automobiles & other transport 9 11
Chemicals 2 4
EU Healthindustries 18 25
ICT producers 17 5
ICT services 13 8
Industrials 22 7
Others 54 27

EU Total

142

90

Aerospace & Defence 7 3
Automobiles & other transport 5 1
Chemicals 14 3
us Healthindustries 98 162
ICT producers 69 13
ICT services 74 66
Industrials 18 6
Others 39 19
US Total 324 273
Aerospace & Defence 1 0
Automobiles & other transport 11 2
Chemicals 6 2
Japan Healthindustries 2 1
ICT producers 17 3
ICT services 2 2
Industrials 10 3
Others 23 8
Japan Total 72 21
Aerospace & Defence 1 0
Automobiles & other transport 6 18
Chemicals 4 19
China Healthindustries 5 33
ICT producers 23 71
ICT services 11 46
Industrials 11 41
Others 23 89
China Total 84 317
Aerospace &efence 3 2
Automobiles & other transport 12 7
Chemicals 10 6
Healthindustries 20 37
Row ICT producers 57 10
ICT services 20 12
Industrials 19 5
Others 49 32
RoW Total 190 111
Total 812 812

Note: EU 28 values do not account for the total

SourceThe 2@0EU Industrial R&D Investment Scorebo&idropean Commission, JRC/R&
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These companies are:

- Alibaba (rank 28) was not in the 2015 Scoreboard, but was present in SB13 (rankéy, 750
then had no available figures for 2 yeatmfore reappearing in SB17 in B&lace The
company went public in 2014hich is probably why figures were not published.

- UBER (rardd 37"), founded in 2009andwent public in 2019;

-  HEWLETT PACKARD ENTERPRISH @2Hk company resulting from the splif Hewlett
Packard into HP (heir to the original company) and Hewlett Packard Enterprise in November
2015;

- LYFT (rank 129, founded in 2012, went public in 2019;

- PAYPA(ranked 125"), spinoff of eBay since 2015;

- MIDEA GROUP (ranked 128 listed since @13, data not available for 2015, entered the
ranking in SB16,

- CORTEVA (rank&85"), resulting from split of DowDupont in 2019;

- PINTEREST (rakl52"), founded in 2010, went public in 2019;

- MEITUAN DIANPING (raaki58"), founded in 2010, went publio 2018;

- BAOSHAN IRON & STEEL (ranR) I@dnded in 2000¢ata not available in 2015;

- FERRARI (ranked 184"), spinoff from FCA group in 2014, went public in 2015.

Looking at entnexit by regionthe fiveyear trend shows growtbf the number of Chinese firms at
the expense oéll other countries/regionswhile. Looking at the sectoral dynamicthe more active
sectors arethe health sectorand the two ICT sectors. However, it is worth notthgt the ICT
producers sector hasexperenced significantly more exits than entriessuggesting thata
concentration may be happening in this sector.

Box 1.2- Understatement or overstatement of R&D figures

The Scoreboardelies on consistent disclosure of R&D investment in published annual reports and acgounts.
However, due to different national accounting standards aodnpanydisclosure practicest is not always
possible to identiffR&D costs separately in companiastountsfor example because thegppear integrated
with other operational expenditures such as engineering costs. To aveidtatingR&D figures, th&coreboard
methodology excludes R&D figures that are not disclosed separately (see methodological notes in Apnex 2).
Inevitably, strict application of this criterion can lead to understating or omiirg Y S O 2 YattllalyR&E & Q

expenditure
An extreme example ad possible understatement/omission of R&D figures is the US company Amazon. This
company onlypublishest  FA 3dzZNB  F2 NJ Wi S OKy Z$33298refor 3019 2s/anrbiaf iegort A y @S a (°
and nowhere does it indicate how much of thisaczounted for bytechnology (R&D)Considering that a larg
LI NI 2F !YFT 2yQa NBLRNISR FA3IdzZNB A& wxZEBRbnAimaking Ay 3Sad
Amazon the #1 in the Scoreboard ranking.

11

The data collection methodology used for tBeoreboardsubtractsany R&D tax credit disclosed in annual
reports from thepublishedR&D investment. This reduces tBeoreboardr&D for companies from countrigs
with an R&D tax credit (such as Belgium, France, Japan, The Netherlands and the UK) compared to countries
that do not have a credit such as Germany and Switzerlandhose likethe USwhich have a less generous
credit. In addition, many countries have a patent box innovation incentidéch is not deducted from thei
R&D.
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aggregated by main industrial sector and world region.

The first part concentrates odescribingD2 YLJ YA S& Q LIS NJpviahsygatasd tte @S NJ (i K
second part analyses the | Qdsitionrelative toits main competitorsand how performancehas
changedover the past 10 years.

The2500sample is dividethto 5 sets according tdhe locationof0 2 Y LJ- Y A S & Qs RURIR |j dzI NI S
US(775), China536), Japarn(309) and RoW459). The RoW group comprises companies ftomUK
(121),Taiwan (83), South Korea (59), Switzerland (58), Canada (30), India (29), Israel (21) and a further

17 countries. The EU group includes companies ft8fU countries

In 2019, global corporate R&D continued to increase consideradhtinuingthe trend observed in

the past 9 years, despite a slowdown in sales growth and a strong decline in operating profits. As in
previous years, R&D growth was mainlsiven bylarge R&D investments ithe ICT andHealth
industries by US and Chinese companidsle EU companies follad behind with a fair level of R&D
growth.

2.1 Main changes in compani€Scoeboard indicators2018- 2019

The main indicators, raticand oneyear changefor the set of companies are presented in Table 2.1.

2.1.1 Worldwide picture

Investment in R&D continued to increase significantly in 2019 for the tenth consecutive yeak0lhe
Scoreboard® 2 YLJ YA Sa AdanSR&D, 8.8 modesihandin 20X8atchingthe increaseof
the year beforeThe currentCOVIBL9 crisiscould affect this trendn either directionnext yeaf®.

The companies based in tHedSand China showed doubltigit R&D growth (10.8% and 21.0%
respectively). EU companies increased R&D sdwaer pace $.6% which is higher than last ye@ra
4.9% and Japanese ondsy only 1.8%. The RoW group increased R&D66¥4 driven by R&D
increasegrom companies based ihe UK (9.0%)South Korea (8.7%) and Taiwan (8.0%).

9! O2YLI} YyASAQ & HdcrbeBed alightly 3029 (ladt yeavip Bas 21.7%)and US
companies increasetheir shareto 385%. Chinese compan@s a K I NBwashi§henthat of
Japaneseompaniedor the first time(131% vs 12.7%).

550n the one hand, we are experiencing a worldwide effort as never before in modern history to find a vaccine, which will
NBadzZ G Ay | o622ad (2 GKS wgs5 SELSYRAGIINGE 27F mktimeMieOSdzi A OF £
f 201 R26y4a SELISNASYOSR Ay Ylye O2dzyiNAS&E AY Hnanun FYR GKS 2y:
their R&D expenditure. The net effect of these two tendencies will determine if R&D will continue to grow next year
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Global R&D growth was driven liye ICT services sector (19.8%), followed by ltealthand ICT
producers sectors (10% and 8.0% respectively). Automobiles and Aerospace & defeosased
R&D at aslower pace (2.2% and 4.3%espectively) and Chemicals, as in the previous period,

continued to reduce R&D3.2%}°.

The net sales of the500companies increased modestly by 1.8% H mrHiagn, a growth rate well
below that of R&D, teaking the positive trend showed over the previous two years. This was mostly
due to a reductiorin net sales in Chemicalg(3%) and Automobiles(3%) sectoravhile ICT services
andHealthindustries showedargeincreasesn net sales (8.4% and 7. ##&spectively).

Table 2.1- Main R&D and economic indicators by world region in the 2020 Scoreboard

EU EU 28 us Japan China RoW Total
Numberof firms 421 542 775 309 536 459 2500
ws5 Ay Hnmd 1889 220.9 347.7 114.9 118.8 133.9 904.2
Oneyearchange, % 5.6 6.1 10.8 1.8 21.0 6.0 8.9
bSi {IftSaz 4819.1 | 6082.2 | 4917.5 3174.5 3608.2 4499.2 | 21018.4
Oneyear change, % 2.2 1.2 2.1 -2.3 10.2 -1.8 1.9
R&D intensity, % 3.9 3.6 7.0 3.6 3.3 3.0 4.3
hLISNI GAy 3 L 4243 571.9 647.6 180.6 258.4 566.8 2077.6
Oneyear change , % -6.7 -8.7 -0.3 -29.1 4.2 -18.6 -9.8
Profitability, % 9.0 9.5 13.3 7.2 5.7 12.7 10.0
/I FLWSES € oy 3191 391.8 300.4 222.3 246.7 316.2 1404.7
Oneyear change , % 9.1 7.7 0.0 3.0 7.7 -0.1 3.7
Capex / net sales, % 6.7 6.5 6.1 7.0 6.9 7.1 6.7
Employees, million 16.79 19.45 10.86 8.95 11.98 7.84 56.42
Oneyear change, % 0.2 0.1 0.1 0.8 4.5 -2.0 0.8
w5 LISNJ SYLJX| 112284 | 11334.0| 319955 | 127059 | 9846.2 | 14864.2 | 15672.6
al Ny SdG /L)Y 4607.9 | 6039.0 | 12779.7 | 24955 2461.6 4925.1 | 27269.8
Oneyear change, % -3.7 -3.1 -1.0 -12.4 6.0 -1.0 2.1

Note: EU 28 does nabuntin the final total column
SourceThe2020 EU Industrial R&D Investment Scorebo&uaropean Commission, JRC/R&
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Operatingprofits decreased significantlylQ.2%) across most world regions and sectors. Bablth

industries (+13.2%) and ICT services (1.1%) increased profits in 2019.

The number oemployeesof the 2500 companies increased modestly by 1.7PkelCT Healthand
Aerospace & defence sectors increased the numberewiployees while the Chemicals and
Automobiles sectors decreased it.
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2.1.2 EU companies

Fgure 2.1 depicts the set d21 companies based in the EWith the size and colour intensity of the
02 Y LI y AeSBeifigprgdortonal to their R&D investment in 2019.

The EU companies are headquartered®of the 27 EU countriesThe majority of R&D investmersg

madeby companies locateth three countriesnamelyGermany, France and théetherlands More
specifically, German companies are responsible 5% ofR&D investmeniby EU companiegrench
companies account fcdk7.9% and those based in thdetherlandsaccountfor 1082 2 F (G KS 9! Qa
The top 10 companies in the EU amade up ofsevenGermancompanies (VOLKSWAGENS;
DAIMLERt 11, BMWat 19, ROBERT BOSEZERO0, SIEMENS 21, BAYER 25, SARat 38), one French
company (SANOABEt 23),one Finnish (Nokiat 36) and oneDutchbased company (FIAGK 40). Five

of these companies belong to th&utomobile seabr, two to the Health sector, two to the ICT
producers sectoand one to the ICT serviesector.

Figure 2.1¢ Word cloudof top EU investorsn R&D

VOLKSWAGEN"
:DAIMLER

RM\A

Note: Reflects the ranking in the Scoreboarsize of the name and intensity of tleelour proportional to R&D2019
SourceThe 2@0 EU Industrial R&D Investment Scorebo&hdropean Commission, JRC/R&

The421EUbased companies y @ S 48B.8bR in R&Dimeaninga substantial increase in this period

(5.6%), significantly highethan the 4.9% increase the previous year. EU compan@s wg 5 & KI NB
20.9%decreased slightlwith respect to the previous yeafhe number of companies decreased from

424in the Scoreboard 2019.

Looking at changesylsector, ICT services showed tlaegest R&D increasd Z.4%) but this sector
only accountsF 2 NJ 1372 2 ¥ Th&ASitorSopil@szanddeslthidelustries account fo84.8% and
19.2% of the total R&and for most ofthe total growth of R&D of EU compani€4.2% and5.0%
respectivelyy’.

In terms of countriesizerman companie@R&D growth of 4.7%nfluenced the most théotal EU R&D
growth, mainlydue to a low R&D growth of the German Automobiles sector (2.8%). Automobiles is by
far the largest R&D sector in Germamyth a53% shareBycontrast companies from France and the
Netherlandsshowed R&D growth well above the EU avera@&% for both economiel Other

57The company or sector contribution togflR&D growth of the sample is the nominal growth rate of the company or sector,
weighted by the R&D share of the company or sector.
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countries whose companies showed R&D growth above the EU avemrgeSweden (9.8%) and
Finland (8.8%).

Table2.2 below shows the list of companies that made the largest contribution to R&D ghotte

EU sample (top) and those that significartgld backi KS 9! Q&4 w95 BaNR ahdnges 60 2 G U ;
Ay O2YLI YASEaQ wgs5 | NB y2i ,5ubmag Bedekphihed dy negss, G2 2 |
acquisitions, divestments or accounting practices Ssstion2.1.4 below).

Table 2.2- Companies most affecting R&D growth the EU sample in 2019.

Companies that contributed most to the R&D growth of the EU sample

Company Country Sector 1-year R&D growth (%)
SAP Germany ICT services 18.6
VOLKSWAGEN Germany Automobiles & other transport 4.9
DAIMLER Germany Automobiles & other transport 6.5
BAYER Germany Health industries 10.2
FIAT CHRYSLER Netherlands Automobiles & other transport 13.9
PEUGEOT France Automobiles & other transport 11.3
ASML HOLDING Netherlands ICT producers 255
NOKIA Finland ICT producers 9.1
ESSILORLUXOTTICA France Health industries 188.4
C.H. BOEHRINGER SOHN AG & C' Germany Health industries 9.4

Companies that affected most negatively the R&D growth of the EU sample

Company Country Sector 1-year R&D growth (%)
NXP SEMICONDUCTORS Netherlands ICT producers -4.3
MYLAN Netherlands Health industries -12.5
TELEFONICA Spain ICT services -8.6
NOVO NORDISK Denmark Health industries -4.8
BANCO SANTANDER Spain Others -6.4
COMMERZBANK Germany Others -40.7
DANSKE BANK Denmark Others -29.2
DEUTSCHE BANK Germany Others -19.7
ALLERGAN COMPANY Ireland Health industries -20.4
BMW Germany Automobiles & other transport -6.8

SourceThe2020EU Industrial R&D Investment Scorebo&dropean Commission, JRC/R&

Trendsin sales, capex, profits and employees for the 542 EU companies

¢CKS ySiG alrftsSa 27 08 trlion2 a2 oiyickedst ovbiiBel p@WdbidyearThe

sectors showing the best sales performance were Aerospace & defeli@B%), Healthindustries

(8.8%) and ICT producers@®) while sales declined ithe Chemicals-8.3%) and Others-0.5%)

sectors.In the Others group, the decline sales of oil companies, accounting for 15% of total sales in

GKS 9! &l YLX ST KSt R esdechlyloialsS3%pandEaI{8%).f S& 3INR GG KZ
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The 421 EU companies significantipcreasedcapital expenditure .1%) a trend driven by the

Industrials and lowiech sectorsl{ y Ay’ O NB brarBuchdafgeic Kilcycli KS w3 5bni Yy ONBS | &
The worst performance of EU companies was in terms of Operating préfit8o) whichdecreased

for most sectors except fafealthindustries and ICT services. In particular, the drop in profits was due

to the performance of companies lIKRCELORMITTAhich wasaffected by the drogpn steel prices

and the USChina trade warand DAIMLERyhose drop in operating profitprobably resulted from

GKS AYyGSNYIt NBa i NipOuctiaNForyf diesd 6 eldctcRarapdwads.y & Q

The421 companies based in the EU employEgl8 million peoplg 0.2% more than the year before.
Employment increased in the ICT producers sedtothe Healthand Aerospace & defence sectprs
while all other sectors reduced tirenumber of employees.

Themarket capitalisation of the listed companies based in the EU decreased¥%y 3.

2.1.3 Non-EU companies

Companies based ithe US

Fgure 2.2 depicts the set af75companies based in the UBith the size and colour intensity of the

02 Y LJ y A Skeifigprgporiodal to their R&D investment in 20TBhe top2500investors in R&D
worldwide comprises 775 US companies. Among the top 10 companies in the US sample, 9 are from
the ICTindustry (ALPHABEAt 1, MICROSORI 2, APPLEt 5, FACEBOGK 7, INTElat 8) orHealth
(JOHNSON & JOHNS&@&NO0, MERCK U 13, GILEAD SCIENGER, PFIZERt 16), and the tenth
companyisfrom Automobiles (FOR& 18).

Figure 2.2; Word cloudof top USinvestors inR&D.

ALPHABETracerook
EMICROSOFT APPLE

rm
—

Note: Sze of the name and intensity of the colour proportional to R&R019
SourceThe 2@0EU Industrial R&D Investment Scorebo&dropean Commission, JRC/R&

The R&D performed by US companies is mainly in the ICT services (Bzakhindustries (26.4%)
and ICT producers (24.5%ectors with these 3 sectors accounting for 81.1%athl US R&D.

The 775 companies basedthe USA Yy @S & i S Rin R&D reprebaniingd double-digit increase in
2019 (10.8%)nda similar growth ratesthat of the previous yeat. { O2 YLI yASa Q 3If 20 f
reached 38.4%, somewhat higher than i fbreviousyear.
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TheR&D growth of the 775 US companies was driven by ICT services (22.6Reatthdndustries
(13.7%)whichaccount respectively for 27.4% and 25.8% of total US R&D. US companies reduced R&D
investment inthe Chemicals and Automobilsgctors.

USbasedcompaniesmodestlyincreased net sales (2.1%). A reduction of net sales in sectors such as
Chemicals and lowech industries offset the significant sales increases in ICT serviceldeamtith
industries. Capex expenditures by US companies stagnatedapexexpenditureof US companies
increased in lowech sectorsHealthindustries and Aerospace & defen@nd decreased in most
other sectors, mainly in Automobiles, Chemicals and Industria$s companies showed modest
increases in profits (0.5%) and number of employees (0.1%)mahket capitalisationof USlisted
companies dropped by 1.0%.

Companies based idapan

Figure 2.3 depicts the set of 309 companies based in Japdmthe size ad colour intensity of the
O2 YLJ y A Skeifgprgporiodal to their R&D investment in 2019. The @f00investorsin R&D
worldwideincluded309 Japanese companiés.the top 10 Japanese companies, four are Automobile
companies (TOYOTa# 12, HONDAat 17, NISSANit 35, DENSQ@t 42), two are Leisure gosd
companies (PANASONIC39, Sonyat 43), onels a Healtcompany TAKEDA PHARMACEUHCI)
and threeare ICT companies, two producers (CAN&ME3, HITACHat 65) and one services (NaT
86).

Figure 2.3¢ Word cloud of top Japanese investors in R&D

PAN I\HLC

TOYOTA MO O
HO M

AN MOTOR

Note: size of the name and intensity of the colour proportional to R&D2019

SourceThe2020 EU Industrial R&D Investment Scoreboatsiopean Commission, JRC/DG R&l.

R&D investment by thdapanese companies ity in the Automobile (31.3%) and ICT producers
(18.8%) sectors, with a sector specialisation pattern similar to thewlit¢h is also led by the
Automobile sector.

¢KS ony O2YLIyASa olaSR Ay Wstimygre thay id $hé previbus € mmn @
year. The global R&D share of Japanese companies continued to decline (12.7% in 2019 vs. 22% in
2009) as it has done for 10 years

The largest contribution to the R&D growth of the Japanese group was made by Automobilds (2.2%
which accountedf 2 NJ o M 2 F () it Healthiddimidesi(5%) acBounting for 12.1% of
WI LI Yy @dwthw 3 5
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Net sales by Japanese companies dropped by 2.3%, mostly daedexrease in sales in the
Automobiles and ICT producers sectétewever they increased capital expenditures by 3,@ich
was driven by investments in lowech sectors, ICT services aHealth industries. The operating
profits of Japanese companies decreased by 2948d market capitalisationdecreasedvy 12.4%.
The numbeiof people employed byapanese companies increased slightly (0.7%).

The drop inthe profits of Japanese companies is mostly due to the performance of companies like
SOFTBANK (loss in their venture fund financings-spes), NISSAN MOTOR (due to fallingssand
appreciation of the yen); and ENEOS HOLDINGS (affected by fall in oil and steel prices).

Companies based in China

Figure 2.4 depicts the set of 536 companies based in China where size and colour intensity of the
O2YLI yAS&aQ yI YSathdir R&D invastthedd NAOAR v | f {2

In the top 2500 investors in R&Dworldwide, there are 536 Chinese companiespresenting an
increase of 29 compared to the Scoreboard 2G#] almost the same number as EU companies. Of
the top 10 Chinese companies, twaedCT producers (HUAWHER, ZTEt 95), three are ICT services
companies (ALIBAB# 26, TENCENAL 46, BAIDUAt 46), threeare construction companies (CHINA
STATE CONSTRUCTION ENGINE&FRMNE&HINA RAILWAY CONSTRUCTION CORPGRAZ|ON
CHINA RAILWAGROU®: 75) and onés anautomobile company (SAIC MOT&aiR2).HUAWEI is by
far the biggest R&D investor in Chinaaking upl6% of total R&[in the Chinese sample.

Figure 2.4c Word cloud of top Chinese investors in R&D

Note: size of the namand intensity of the colour proportional to R&D2019
SourceThe 2020 EU Industrial R&D Investment Scoreb&andpean Commission, JRC/DG R&l.

The R&D done in China is mainly in the ICT producers sector (30.0%), followed by the Construction
sector,whichaccounts for 12.2% of the total

¢tKS poc O2YLIYASAE o0FaSR AY [/ KAYl Ay @SaouedtRe e mmy Dy
previous yearbut lower than the 27%ncreaseof the previous year. Chinese companies showed
doubledigit R&D growth in all sectors except for AutomobiltskK A y Sa4S O2YLI yASaQ &k
R&Dcontinued to increase in 2019, reaching 13.2%, higher ivanLJr Y S&4 S I©ORIVABEH A Sa Q
investment. Tl 536 Chinese companies showed robust growth in net sales (1@2%n by high

sales growth in loviech sectors but also itihe ICT andHealthsectors.
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