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Patent-based estimation procedure of private R&D:
the case of Climate Change and Mitigation Technologies
in Europe.

Francesco Pasimérij Alessandro Fiorifij Aliki Georgakald

& European Commission, JRC , Directorate C7, Knowledge for Energy Union, PO Box 2, NL-1755 ZG Petten, Netherlands

Abstract

Information on R&D expenditure of the private seci® very limited, both in term of
availability and data quality, especially when et focuses on Climate Change Mitigation
Technologies (CCMTSs). This has an impact on thausbiess of quantitative analyses, and,
consequently, on the insights deriving from therhisTpaper proposes a methodology to
estimate R&D expenditure in firms simultaneouslyivac in multiple technology sectors,
with the focus on those contributing to the develept of CCMTs. The methodological
approach is applied to measure how the privateséctests in R&D dedicated to CCMTS,
and how this differentiates among European cousntfierther the paper proposes metrics to
analyse the geographical distribution of the R&Ppenditures in Multinational Corporations
(MNCs) across subsidiaries located in Europe. Efnglings are formulated into useful
insights for stakeholders and policy makers.

The content of this paper does not reflect the official opinion of the European Union.
Responsibility for the information and views expressed in the paper lies entirely with the
authors.
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1. Introduction

Research and development (R&D) spending in clinchEnge mitigation technologies (CCMTSs) is one of
the key pillars of the European Energy Policy f62@ and post-2020 frameworks, as stated in theggrignion
framework strategy (European Commission, 2015ayR00he combined effort of public institutions, deania
and companies is required in order acceleratertbegg transition and to contribute to a cleanesta@nable and
secure energy system. In particular, the privattosewith its capacity and willingness to invgsiays a crucial
role in this process (European Commission, 2010;,CDE2014). For instance, concerning the energy
technologies in the Energy Union strategy, prive&D investment is identified as a key indicator sloow
progress already made in the transition to a lodke@a secure and competitive energy system ancesmd
future actions (European Commission, 2015b). Howeweorder to mobilise private investment in slieci
technological and geographical areas via apprappaticies, policy makers need insights on howphieate
sector invests in R&D and what triggers or hind#rs activity. In the specific sector of CCMTs, the
measurement of private R&D investment is provemeodifficult, due to lack of data availability amgality
(European Commission, 2015b; Sagar and Holdren2)20Dhis difficulty is greater in the case of large
companies that are active in multiple countries anchultiple technology areas. Consequently, thailakility
of detailed evidence is very low, and cannot effety support policy-making process when the latteeds to
be tailored to specific geographical and technaalghreas.

The methodology presented in this paper works atahease difficulties. A tailored patent analysisypled
with available companies' information, permits thstimation of the R&D expenditure of distinct firms
simultaneously active in multiple technology sestofhis framework provides information on (i) th&mR
investments in the private sector concerning CCMiath at European and country level, and (ii) the
geographical spread, among subsidiaries, of the R&Penditures in multinational corporations (MNCSs).
Hence, by providing an analysis of private R&D exghiéures for companies involved in developing cliena
change mitigation technologies in Europe, this pagpees meaningful insights to assess R&D portiolat
country level, disaggregated by technology areasthEr, it proposes metrics to evaluate the comagoh or
globalisation of R&D in European MNCs among sulzgiis located in Europe.

The main contributions of this paper reside in &weas. It firstly introduces a new methodologiqggir@ach
to estimate private R&D. Although the focus of theper is on CCMTs, the methodology is also appleto
other sectors, making the estimation procedureatsigitto different research interests. Secondly, ghper
presents a new and unique analysis of investmeiuobpean companies in activities related to CCMTs.
contributes to the discussion on private R&D exjitenel and R&D internationalisation in Europe andiins at
supporting policy-makers in the evaluation and etabon of policy interventions.

The structure of the paper is the following. Theeaach context is explained in section 2. It exasiithe
reasons why disaggregated data on private R&D alipgr are missing, and it discusses why paterat datild
provide a valid proxy for the estimation of R&D. &lpatent analysis is presented in section 3.ustilates the
way in which patent data are extracted and treimteadtcordance to the methodological framework preskin
this paper. Section 4 introduces the methodologyproviding the mathematical formulation of theimsttion
procedure. Section 5 presents the data and discusselts concerning R&D expenditure in Europeteelao
CCMTs. It also includes an analysis on the geodgeapldistribution of R&D investments in European Kabl
The last section summarises closing remarks andefutevelopment of the research.

2. Background

Private R&D expenditure is monitored as a key iathc of progress towards the Energy Union objestive
(European Commission, 2015b). There is a clear tegdin insight on private R&D investments, coesidg
the central role of industry in carrying out andafincing innovation in the energy sector. Howevkeis ts
hindered by lack of data caused by the fact thesednination of relevant information by companiegty
depends on two factors: companies' strategies ega bbligations. According to Lantz and Sahut &00
companies may be reluctant to disclose completedigon the amount and destination of their R&Dndpgy
since it can unveil strategic choices. The infoioratis thus treated as confidential, despite thet faat
companies might benefit from announcing an incranreR&D expenditure, since it anticipates markegvgth



opportunities (Sundaram et al., 1996; Zantout asetSekos, 1994). This is especially the case fopemies
active in high-tech industries (Chan et al., 1980)n concentrated markets (Doukas and Switzer2)L99or
what concerns the second factor, publicly-tradetigamies are legally bound to produce and disclesaildd
periodic statements on their economic performafilegl in compliance with formal and legal standar@s the
contrary, private companies with limited liabiliof the shareholders, albeit requested to repoit gdueounts,
are subject to dissimilar requiremehts some cases, companies may even be exemptaingrobligation. As
a result, data sources on private R&D investmemsearce.

The main source of information on private R&D inwesnt is the financial and non-financial documeatat
provided by companies. However, since annual repntl financial statements are only available foergain
number of companies, direct collection of data cammovide a complete set of information. The issaeomes
more acute when private R&D investment needs tbrbken down in order to measure investment decsion
sectors characterised by intra and inter-indusétgiogeneity, as for the CCMTs sector. Consequentign
R&D information is available, the sample is oveit§fluenced by listed companies, while small and ined
enterprises (SMEs) are underrepresented, even lihthey are recognised as important players in the
innovation process, (Ortega-Argilés et al., 200@rwénne et al., 2014; Voigt and Moncada-Paterndellas
2012). This is the case of the Innovation Unionr8board, which provides the R&D expenditure in the
business sector under the firm activity pillar (ldoHers et al., 2016). The main drawback of thigsrmation is
the lack of provision of insight on the allocatiohprivate R&D. In effect, when R&D expenditureasailable
at company level, the breakdown by specific redeareas is not detailed. The Statistical Clasgificaof
Economic Activities in the European Community (NACGHso poses a number of difficulties: it does meqtort
at the level of technological detail needed ardbis not provide insight in order to split investitsein firms
among activities, especially when companies inirestultiple sectors (Borup et al., 2013; Breyeakt 2013;
Wiesenthal et al., 2012).

Even with the shortcomings listed above, data ctlle is a necessary step for the constructionhef t
dataset. However it presents a number of issudsatifiact the completeness and quality of the dat.
example, accounts are reported in different curesnand the definition of financial years variggufes are not
published in user-friendly layouts (e.g. scannegiepsin a variety of languages); documents carmbentbaded
only after registration; reports are only availafie the latest year with no archive available aoftien, they
provide preliminary estimates; and in some caseda dare replaced by generic information on the
announcement of the amount of a multiannual investnplan or a declaration to keep the overall lefel
investment constant as a specific share of thenateesources (sales or turnover). Furthermoee pthinership
structure of the potential industrial players isoah factor influencing data collection and thestarction of the
dataset (Alkemade et al., 2015). In case of largdtimational corporations (MNCs), which hold shaias
subordinate entities (also called parent company-subsidiaries relationship), publications report only the
group's consolidated financial statement. Furtleaits, when available, are mostly given at busifiedustrial
line and/or geographical level. Consequently, tbenemic performance of specific subsidiaries oocissed
companies lays hidden under the overall groupts faed figures.

Few scientific studies have addressed the issastohating private R&D investment in the field afeegy
technologies. This can be attributed to both a tfdkterest and on a mandate to do so, but mopeitantly to
the lack of appropriate and readily accessiblerinfion sources. As a result, studies concentratspecific
technologies or pockets of activity, trying to derinsights from best available datasets rathar thalding a
methodology and information sources to addressethtire sector. Nevertheless, the bottom-up approach
presented in Wiesenthal et al. (2012) and the topndin Breyer et al. (2013) contribute to this @sh line.
The first aims at estimating public and private R&Westment in the field of low-carbon energy tealogies
through a four-step procedure: (i) identificatidnkey industrial players, (ii) gathering relativeformation on
total R&D investments, (iii) allocation of R&D ingements to energy technologies for each player, (and
summing up individual company's R&D investment bghnology. The second provides two distinct estimat
of private R&D investment in the PV sector fromap-down patent analysis and an estimate of the R&D
workforce. The methodological approach used in fhéper, aims at strengthening the third step of the
procedure presented in Wiesenthal et al. (2012pnisists of using a quantitative method based:babie data

% For a general overview on the EU legal framewdrkampany reporting, see the Directives: 89/666/EED9/101/EC, 2012/30/EU and
2013/34/EU.



deriving from patent statistics. In effect, whileiédenthal et al. (2012) use qualitative informat{ogports,
websites, presentations, speeches, newspapeesytiitect contacts) and/or proxy-indicators (R&DBpéoyees,
patent applications) to assign R&D investment tissthcompanies that are active in more than onadéagical
field, the approach presented in this paper usesapity patent statistics for this purpose. Impattg, the
methodology is based on the assumption that patgattivity and R&D expenditure are related to eattter
(Griliches, 1984, 1990; Schmookler, 1966), as asalied in the field of energy technology (Herzawyl a
Kammen, 2002; Margolis and Kammen, 1999; Popp, 2005

Patent data are complex and their use as proxpvahtive activity and technological progress getesra
controversy among the scientific community and latkonsensus between opponents and advocatesefBasb
1987; Desrochers, 1998; OECD, 2009; Watanabe ,e2@01). On the one hand, the opponents of usitenpa
statistics as an indicator warn that careful carsition and interpretation of the data is neededasations
might decide, for instance, not to patent and encitntrary, to use secrecy, alliances or short fiéaes to gain
a competitive advantage depending on their innowmatstrategy (Noone, 1979). In addition, statistical
distribution of patents can frequently be skewed amhibit peculiar properties as many patents have
industrial application while a certain few can hdngh technical and economic value (Kuznets, 19623t but
not least, the propensity to patent differs aciammtries (Pavitt, 1985) and industries (Reeki€/3)%nd the
different standards applied across patent officgbstheir evolution over time can affect patent nensbOn the
other hand, patent data represent a very richfsefamation, suitable to perform robust analyssice they
are "commensurable”, "quantitative” and "widely ilde" (Hagi¢ and Moigotto, 2015). Patent activity has
been also studied as a measure of the intermemlifpet in the R&D process (Hausman et al., 198%gre the
so calledag structure is observed (Wang and Hagedoorn, 2012). It mdaatscurrent patent activity is mostly
explained by recent R&D rather than older R&D, dxiig knowledge depreciation over time (Hall et, al
1986). However, as stated by Ernst (1998), more RI&Bs not result in more patents, but more R&Dddada
higher patent quality.

The methodology presented in this paper does nestioun the relationship between patent activity and
R&D expenditure and its statistical significancen tBe contrary, by accepting the existence ofritionship,
it proposes an estimation procedure to assign R&meediture to firms active in multiple technologseas,
focusing on those involved in the CCMTs sector. Each company, the use of patent data allows the
identification of the energy technology sectors ,asdbsequently, the allocation of the R&D expernditu
accordingly. This results in a more complete arghlyi granular dataset of R&D activity in energy tees that
would have not been available otherwise.

The implementation of this methodology allows tistireation of R&D that the private sector invests in
activities related to support the enhancementiofate change mitigation technologies. Moreover,ahalysis
accommodates quantitative considerations on thel lefvgeographical distribution of R&D, from therpat
company of a MNC to its subsidiaries (Hegde anck§]i@008; Iwasa and Odagiri, 2004). The determmant
location decision of R&D activities by MNCs are agssed by a large body of literature. Carlsson €200
surveying a number of works focused on internatieation of innovation activities, offers an intstieag
categorisation of the main contributions. The auttentifies three main groups of studies: (i) emngail studies
of internationalisation of innovation systems, (iijernationalisation/globalisation of (private) R&and (iii)
institutional barriers to internationalisation. Acdingly, the application presented in this pagper be placed in
the second research field. The decision to trarRED activities abroad is mainly driven by markeeging
and knowledge-seeking objectives (Rahko, 2016;ssiddg et al., 2013). More specificatelly, the tsetgg to
pursue R&D in a given location is motivated by tfiferent support that the host countries couldvite:
better policy regimes (Kumar, 1996), market oppaities (Kuemmerle, 1999), knowledge spillovers (€4u
and Alcéacer, 2002; Feinberg and Gupta, 2004), asing collaborations (Granstrand, 1999), and nednwgr
opportunities (Schilling and Phelps, 2007). Funthere, globalisation of R&D through subsidiariesalso
carried out because of increasing possibilitieskmdwledge and technology transfer between parents a
subsidiaries (Un and Cuervo-Cazurra, 2008).



3. Patent analysis

OECD defines patents as "a means of protectingntiues developed by firms, institutions or individs,
and as such they may be interpreted as indicafanyention” (OECD, 2009). OECD continues: "pateah be
seen [...] as both inputs and outputs in the invenpoocess" and this "makes patent data a usefdféri
between R&D data and innovation data" (OECD, 200%e use of patent data in this paper focuses en th
input-side of the bridge, namely the connection between pated R&D. In this context, patent statistics are
utilised in order to obtain a "measurable" proxyha inventive work, in agreement with the inputput model
summarised in Freeman and Soete (1997, p. 7). Thaesingle way to elaborate patent statistiegh&, each
methodology reflects the research question addigddartinez, 2011). This section explains the wayvhich
patent data are extracted and treated within thiieadelogical framework presented in this paper, &hyl.

Patent data are retrieved from PatStat (2017 SpEdiion). Since the objective is to estimate R&D
expenditure through patent statistics, only thdieapts are considered; applicants are the owrfetsegpatert
and, consequently, those that invest and financ® R&onversely, the inventors are the physical peso
researching and developing that invention (De Rdssee et al., 2014; De Rassenfosse et al., 263)ce,
name and residence country of each applicant isidered in order to have information on the orgatios
financing R&D and its location. In many cases, apligant is the organisation, which employs theeimor;
however it can happen that a physical person i& lloe applicant and the inventor. Therefore, thetose
classification is used to distinguish between défe types of applicant (company, individual, umsity,
government no-profit organisation).

An applicant can apply for one or more patentseadpplications are submitted to patent officesorder
to patent one invention, an applicant can folloffedent routes (national, regional, or internatipnén this
study, since the focus is on the R&D-patent corioacthe analysis takes into account all applicatian all
offices, without any restriction regarding natiooalinternational route. The reasoning resides thithfact that
the focus is on where and when the R&D has beeandied rather than where and when an applicant seeks
protection for the invention. Further, since théinaation procedure aims to quantify the R&D expéund
using patenting activity as a proxy, it is necegs$arconsider all routes; otherwise, were someieatibn to be
excluded, the overall R&D effort would be undenastied.

Each patent application has a priority date whigtiesponds to the filing date of the earliest aggion in a
patent family. A patent family is a group of patapplications, which share the same priorities smthey refer
to the same invention (De Rassenfosse et al., 2D&Ghezleprétre et al., 2017; European Patent ©f8016a;
Hinze and Schmoch, 2004). Therefore, in this sttldy,concept of patent families is associated ¢octincept
of inventions. The combined analysis of patent fi@miand priority years implicitly takes into aceduhe time-
lag between R&D expenditure and invention/paterttdpction. Patent applications grouped in one patent
family, which share the same priority year, mayfited in later years. According to our calculatipasound
53% of patent applications are filed one year afterpriority year of the correspondent patent famnd about
11% of them are filed two or more years after. (8896 of patent applications have the same filing pmority
year. Since the estimated R&D is based on theiprigear of the patent family, the methodology @rged in
this paper is able to capture the time-lag betwR&D and production of inventions, which happeneatst one
year later for the 64% of the cases.

Technology classification of inventions is doneotigh the Cooperative Patent Classification (CPC)
scheme. The CPC is a classification of patent epiptins according to technological sectors; onmare CPC
codes are assigned to the same patent applicatienscope of this research is limited to patentiegjons
belonging to the Y02 and Y04 schemes. They congeatents related to Climate Change Mitigation
Technologies (CCMTs) (Rudyk et al., 2015; Veefkitdal., 2012). In summary, patent data are extairte
order to measure inventions (patent families) spacific technology area (Y02 and Y04 schemes)uich
the R&D investment is assigned to a specific ygaiofity date). Moreover, data extraction is desigro
contain information on how many participants hagerbinvolved in these R&D projects (names and secb
the applicants) and which countries they are basetihe R&D activity can involve one or more orgsations

4 Patent ownership might change over time (Serraf0), as studied in the semiconductor and eleictrsectors (Grindley and Teece,
1997), or in respect to academic inventions (St@@13). However, the patent analysis does notidenshis possibility, since this issue
goes beyond the scope of this paper.



from different countries and it can impact one arentechnological fields. In order to avoid muléilounting
and to define a better proxy for inventions, thdlsstablished technique of fractional countingised (OECD,
2009). It consists of assigning equal proportiontted invention to each participant and in relationall
technologies tackled in the same family. As an elamwe assume that company A and company B,
respectively from country X and Y, submit two padtapplications regarding two different technologica
sectors, T1 and T2, and these applications belotiget same patent family. By fractional countingmnpany A
in country X contributes 25% for the part of thevéntion relative to technology T1, and another 2o
technology T2, while the effort of company B in oty Y is 25% of the total for both T1 and T2. Téfere,
the sum of fractional by organisation or by courmantifies the respective total inventive activityrelation to
a specific technology.

However this calculation does not produce reliabkults when raw data are used as extracted fra8tdRa
because of issues with data "accuracy and complsseiiEuropean Patent Office, 2016a). Consequédefpre
the fractional counting, a data clean-up processeexed in order to eliminate blank entries, tygosyrs and
inconsistencies, in applicant's characteristicsm@gasector and country). This process follows ttepss
developed in Pasimeni and Fiorini (2017) that cstssiof an automatic procedure followed by manual
corrections. The necessity of the data cleaninggs®, also acknowledged in literature (Alkemada.e2015;
Balconi et al., 2004; De Rassenfosse et al., 2Bi8jni et al., 2017; Lissoni, 2013), is illustrdtén Fig. 1. It
shows the difference in the number of patent apptios related to CCMTs per country in 2012 befod after
processing. When raw data are used, more than wmdréd thousand patent applications are not agbitme
any country. This number decreases to less thantiwasand after the data cleaning process. For some
countries, this process has a considerable impata cleaning allows the allocation of near 37 Hzoul patent
application to China and almost 42 thousand tordaP¢her countries show a notable increase in timsber of
patent applications: e.g. Italy +59%, Netherlan®8%, Switzerland +26%, Denmark +20% and Germany
+19%. It follows that patent analysis based on data could result in misleading conclusion and theth
cleaning is a necessary, rather than a valuabdgtional step.
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Fig. 1 Number of patent applications in CCMTs in 2012p Bountries, before and after data cleaning

In conclusion, the patent analysis consists ofetlateps: (i) extraction of patent data from PaiS$idtdata
clean-up and (iii) fractional counting. The resuitidataset is a list of about 112,000 organisat{oompany,
university, government non-profit) located in 1l4@fedent countries and more than 310,000 individual
applicants. The list includes organisations andviddals that have participated at least in oneeirtion
regarding CCMTs (Y02 and Y04 schemes) in the pewddime 2000-2013 For each organisation and
individual, the fractional count quantifies the glgainventive activity in a specific energy techagy area
within the CCMTs sector. The inventive activity tise input for the estimation procedure of privat&[R
presented in the following section.

The estimation procedure focuses only on compa(aesund 25% of the total dataset). It uses the
company's energy technology fractional as a prdxineentions produced and financed by a compang in

® The dataset does not cover years after 2013 becnsubsequent years, it is not complete. Thefi®an Patent Office (2016b) states
that, with a high probability, data are completeagd?2 months before the last available edition.



specific energy technology area. In other words, fhatent analysis results in a list of companidg&/@dn
developing CCMTs and their related number of ini@#®. These companies, when possible, are groupeer u
the respective parent company, thereby definingethiire structure of MNCs and their parent-subsiesa
relationships. The grouping exercise is done maybgl means of information accessible through tHeBTS
Europe database, a Bureau van Dijk (BvD) produdd, @her online sources. When available, the anR&&)
expenditure is associated to each MNC. R&D datacaliected by means of the following routes: (i¢ tBU
Industrial R&D Investment Scorebodrand (i) financial statements and companies' dasum If the available
data on financial statements cover more than oage gecorresponding time average is applied. Ifcthapany
follows an accounting standard not based on thendalr year (e.g. in the United Kingdom), the exjitene for
the calendar year is assumed. When alternativeerotigs are used, they are converted to Euro based o
Eurostat annual bilateral exchange rates.

4. Patent-based estimation procedurefor private R& D

The estimation procedure of private R&D expenditareompany and technology level is built on follogy
mathematical steps. These imply an extensive aefesence between the companies' data and thésdsarh
patent analysis. As described at the end of se@jahe output of the patent analysis is a listofmpanies
active in the CCMTs sector. For each compaitythis list the following two information are cadered: the
residence country;, and the CCMTs technology aredn which it is active. Thus, the annual compangrgg
technology fractional, or the number of inventigneduced and financed in one y&ais defined as:

QF

icet

Some companies might also be active in other noMT<Ltechnology areas, therefore, giverk the
number of CCMTs technologies tackled by a singlmgany andr the non-CCMTSs technologies,

E R
(2) I:i Gt = Z I:i G et + Z I:i Gt
e=1 r=1

measures the company’s overall financed inventatgfiting activity at time, regardless the breakdown by
technology. In order to disentangle the total R&D of a groapMNCs, across all subsidiaries, when possible,
companies are grouped under the respective pavempany (grouped companies are indicated, ashile the
other withig). For each group the following information is available: the reside countryc, (country of the
headquarter of the group) and the sector of econaativity’ s. Therefore, since one compaigybelongs to a
single group, the total number of financed inventions of theugrg at timet is computed as:

n
(3) Fg,cg St = Z I:ig,ci t
ig=1

wheren is the number of subordinate companies in the gmpuEquation (3) represents the total inventive
activity of a single MNC, regardless of technoladgssification. The total group’s R&D at timhés known and
it is defined as:

(4) RD

g.cq.Sit

€ http://iri.jrc.ec.europa.eu/scoreboard.html

" Information in (2) is obtained again from PatStetugh a different extraction query, specificityigmed for this purpose. See section 2.5
in Pasimeni and Fiorini (2017).

8 Information of sectors is already present in tiduktrial R&D Investment Scoreboard. Authors haweeda further harmonisation in order
to remove inconsistencies among editions.




Given (3) and (4), for every yedr it is possible to calculate the total R&D expduadd and the total
financed inventive activity for all combinations afuntriescy and sectors as follows:

(5) RDs,cg t = z RDg,cg st
g=1
(6) Fs,cg t = z Fg Cq,Sit
g=1

wherez represents the number of groups active in the ssor and resident in the same country. Based
on (5) and (6), it is possible to calculate thetgeanitary expenditure for each country and fa@ivgen year as
follows:

z
z RDg Cg St

RDS,C gt =1
(7) UCS,Cg,t = F 9" = 9 .

This value represents the R&D expenditure needguddduce one invention in country and in respect to a
specific sector of economic activigy at timet. The unitary expenditure in (7) is then associdtedll groups
belonging to the specific sectsand resident in countiy, therefore,

(8)UC, . .. =UC

9.Cq St S.Cq t

Given (1) and (8), for every yegrit is possible to estimate the R&D expendituretfee n subsidiaries that
are subordinate companies of thgroups active in sectoss Further, since the number of inventions is known
at technology level, the company R&D is estimatdith this level of detail:

(9) RD, ... =UC

ig G et g.Cg.Sit ig G et

The procedure in (1) — (9) allows the estimationthaf R&D expenditure for a portion of the comparnies
the list derived from section 8, To be precise, these companies are subsididridd@s for which R&D data
is available, therefore this procedure notably KGbates to the evaluation of MNCs and their apphocR&D
investments in CCMTs. In order to complete thenestion procedure for the remaining companies irflighg,
a subsequent estimation procedure is necessarysedoad part of the mathematical steps, uses ticeroe of
the previous part and it begins with the calculataf the total R&D expenditure and the total numbér
financed inventions, for all combinations of CCMdand countries;, at timet, as follows:

(10) RDci et = Z RDig G et
ig=1

X
(1) Fo e =D Fi e
igzl



Here,x is the number of subsidiariggresident in countryg;, for which the R&D expenditure is estimated
though equation (9), at timeand for the CCMTs technology area Consequently, for every year the
technology unitary expenditure at country levetatculated as follows:

X
Z RDig G.et

RD =
(12)UC,, =— et _ g7l

o <
e Z I:ig G et

ig=L

This represents the R&D expenditure necessary loypanies in country; to produce one invention in
respect to a specific technologyat timet. Eventually, for those companies in the list nmtared by equation
(9), e.g. those not grouped under any MNCs, theuanaestimated R&D at technology and country legel i
obtained as follows:

=UC,. . [F

(13) RDio,ci et ec t ig G .et

The major contribution of the proposed estimatiosocpdure is addressing the lack of R&D data broken
down by company and technology, especially for ¢h®NCs that include subsidiaries located around the
globe. In order to achieve this result, this metiogy uses patent statistics that permits the gighuof cross-
country, cross-sector and cross-technology heterity in the mathematical formulation. Neverthelesss thi
relevant outcome is based on some assumptionsi¢ieat further explanation. The two processes (B)-aifd
(10) — (13) are complementary and together, thieywahe estimation of the R&D expenditure for thd fist of
companies active in the sector of CCMTSs, detailed tpchnology and year. The two parts of the estima
procedure aim at calculating two distinct unitarpenditures per invention that are used to estirR&B per
company and technology. The first one is the seatutary expenditure, in equation (7). It considéns
specificities of MNCs, such as the residence cquotrthe parent company as well as the sector oh@wmic
activity. However, it does not take into accounamtteristics of subsidiaries, namely country awhmology
area, for which the same unitary expenditure is@ated, as in equation (9). In contrast, the tetdgy unitary
expenditure, in equation (12), captures both cestrthinants: country and technology area of congsarin
fact, it sums R&D and inventive activity at techogy and country level, and it calculates their mbipn. This
value is then associated to the remaining compamigsn equation (13). In conclusion, the mathecahti
procedure is built on subsequent steps that pahaitstimation of private R&D expenditure considgras
many cost determinants as possible.

° Please see Annex | to more insights on the hetesity.



5. Data description and results

This section presents the data structure and dissusesults deriving from the application of the
methodology described in the paragraphs above. Enenavailable dataset of organisations preseRab%tat,
only companies located in EurdPare considered. In total, there are around 19¢i§ithct companies in the
CCMTs sector between 2003 and 2013, correspondiiadpaut 3,000 active companies every year, corisgler
that some of these can be continuously active tiverperiod analysed. The CCMTs sector is divided by
technology area through the use of CPC codes. Thiblelow summarises the codes analysed furthenisn t
paper.

CPC Groups - decription | L abel

Indexing scheme relating to climate change mitagatechnologies related to buildings, e.g. inclgdin _—

Y02B housi . 3 -~ Buildings

ousing and appliances or related end-user appinsat

Y02C | Capture, storage, sequestration or disposgieainhouse gases [GHG] CCS

YO2E R’_edgctign of greenhouse gases [GHG] emission, egbldb energy generation, transmission |or Energy
distribution

YO02P | Climate change mitigation technologies inghmduction or processing of goods Goods

Y02T | Climate change mitigation technologies reldtettansportation Transportation

YO02W | Climate change mitigation technologies related/astewater treatment or waste management Waste|
Systems integrating technologies related to povetwark operation, communication or information

Y04S | technologies for improving the electrical power gtion, transmission, distribution, management or Smart-grids
usage, i.e. smart grids

Table 1 List of technology area defined through CPC agatieg

Europe shows a different distribution of comparaesng countries (Fig. 2) and technology areas @)ig.
Further, quantity of active companies also variesr dhe years. Germany is the country where theritgjof
companies active in the CCMTs sector reside. Thesdgminance is stable over time and illustrates the
importance of the private German sector in deval@@CMTs. All countries show an increasing trendhie
number of companies until 2010, followed by a dexlin 2013. With respect to technology areas & th
CCMTs sector, energy has the highest number ofeactbmpanies, although in 2004, the most populated
was that of production and processing of goods. gzomes are counted more than once if simultane@glye
in multiple technology areas.
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Fig. 2 Number of companies per country in Europe

% n this paper Europe is defined as the 28 MemtetesS of the European Union plus Iceland, Norway @witzerland.
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European R&D expenditure differentiates among tethgies, and its total value increases over ydaigs (
4). The latter confirms the increasing propensitythe private European sector to invest R&D in Ati&s
related to CCMTs. R&D expenditure related to enexgy transportation constantly covers more than 60%
the total. This indicates that, in the years exauhjrEuropean companies have considerably investddvelop
climate change mitigation technologies related t®rgy (generation, transmission and distributiongl a
transportation. Interestingly, the R&D investedtiansportation, is higher than that in energy, degbe fact
that the number of companies in this sector is fo@ee Fig. 3). Consequently, the R&D effort pempany
changes in relation to the technology in questior2013, a company active in developing CCMTs ealab
transportation would have spent about 14 EUR mnilbo average, in comparison to the 5 EUR millioargmn
average by a company active in energy.

The total R&D expenditure in CCMTs has more thanlded over the years analysed. Nonetheless, in two
instances, the total European R&D budget decrehsédieen two consecutive years, respectively 2010-20
and 2012-2013. While the first drop is mainly daeatreduction of investments in the building ar@8%), the
second one is due to the combined effect of redndti R&D expenditure in energy (-15%) and transgtoon
(-12%).

30
nCCS

= Smart-grids

N
a

u Waste
Buildings
Goods

n
=]

Energy

Transportation

R&D investment [EUR billion]
5 >

0
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Fig. 4 Private European R&D investment per technologg a2603-2013

Among the European countries Germany has the High®B expenditure, about three times bigger than in
France, the second largest R&D investor, whilettadl remaining countries spend, on average, less dha
EUR billion each. Nevertheless, it is interestinganhalyse the countries portfolio regarding priviatestment
in CCMTs (Fig. 5). On average, companies in Germamgnce and Sweden spend more than 40% of their
CCMTs R&D budget in activities related to transptidn. In contrast, Denmark (61%) and Spain (55%)eh
their maximum expenditure in the energy area. Theselts reflect the so-called counttgchnological
specialisation (Archibugi and Pianta, 1992) aational system of innovation (Lundvall et al., 2002): the private
sector in specific countries is inclined to invesire in CCMTs sectors where the level of countmcgdisation
is higher.
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Fig. 5 Private R&D investment per country and technolamga

A way to validate the methodology is to check whketthe estimation procedure provides comparable
results to already existing analysis on the costipeention. Table 2 below shows technology uniteogts, as
calculated in equation 7. These values representetimated effort in terms of R&D expenditure e t
European corporate sector to produce one invemiarspecific technological area. They indicatd theentive
activities require a different R&D effort, in relan to which technology is tackled and in whichiyea

UCegi 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013
Buildings 272 | 250| 348 374 433 458 4.63 582 3|97 315932
CCS 324 | 352| 386/ 408 583 541 494 484 3/87 264031
Energy 437 | 3.83| 507 432 501 444 445 4y9 369 316.02 3
Goods 390 | 415 455 479 508 475 461 503 379 32902 ]
Transportation | 3.17 | 3.18| 3.76] 351 32% 3.08 312 338 3]20 289702
Waste 361 | 4.07| 475 563 6.2 538 582 585 431 3622873
Smart-grids 3.67 | 282 426 440 39 457 428 498 413 313802

Table 2 Technology unitary costs, EUR million

Apart from the individual unitary expenditure pechnology area, an average R&D cost per inventive
activity per sector can be estimated. In the cs€E@MT the average R&D cost per inventive activity
estimated to be about EUR 4 million. Other studiese also tried to measure an average cost pentpate
Johnson (2002) presents the R&D unitary expendipge patent in the manufacturing sector in Germany,
France and Italy. The average value is about USD 4.89 million (agjmnately EUR 4.1 million). Berman and
Woods (2002) reported the estimation of the R&Dt pas patent awarded by the top four patenting conigs
in three different sectors in USA: manufacturinigcéronics and pharmaceutical. This value is atdsib 3.8
million (approximately EUR 3.2 milliorlf. Even though these estimates have been derived ditferent
assumptions and analyses and they cover diffeemtbis, they do not differ, in order of magnituétem the
one found in this study. This comparison mightregtben further the validity of this methodology.

5.1. MNCs and globalisation of R&D

This section presents new metrics aiming at evislgdtow European multinational corporations distté
R&D investments across countries in respect toclimeate change mitigation technologies. The analysi
based on the first part of the estimation proceduaenely the mathematical steps (1) — (9), whichlyses the
relationships between parents and subsidiaries.atberacy of this analysis depends on the groupxegcise
which matches patent assignees (or subsidiaridb) thwe respective parent company. On average, exeay
the sample includes 215 European multinational @@afons plus 164 non-European MNCs. These arenpare
companies of about 548 European subsidiaries,eaatithe CCMTs sector: almost 90% of these subsidia
have a parent company located in Europe, whiledbe10% of European subsidiaries belong to nomigaan
MNCs. Therefore, on a yearly basis, the analysiR&D globalisation focuses on about 18% of European

1 Data refer to the period 1996-1998. Conversiomfrational currency to USD has been produced
2 Data refer to the period 1998-2000
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companies active in the sector of CCMTs. The réghe paper uses this terminology: the origin-coyuns
defined as the country of the parent company of MtéC, hence where the headquarter is locatgt (
destination-country, instead, is the residence tgwf subsidiariesd).

The first metric regards the MNCs exposure to CCMiTmeasures the share of the total R&D expenelitur
allocated to CCMTs. It can be analysed for coustffég. 6) and sectors (Fig. 7). Based on the yearérage
of three different periods (2005-2007, 2008-2016 2011-2013), Denmark is the European country with
highest share of exposure to CCMTs. About 43% ef R&D budget of the Danish MNCs is allocated to
activities related to climate change mitigationhtealogies. Spain is second (about 22%), even thdbgh
exposure to CCMTs has decreased over years. Althoogny other countries show increasing trends, the
average European exposure to CCMTs over the peranthined is about 13%.
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Fig. 6 R&D exposure to CCMTs per country origin of Eurap&vINCs ¢€,)

The exposure to CCMTs is calculated also per sedteconomic activity. In Europe it varies sign#italy
among sectors. European MNCs working in the alter@anergy economic activity, on average, allo&téo
of their R&D budget to CCMTs. This sector, alonghngas, water & utilities and electricity, are tnaly ones
with exposure to CCMTs higher than 25%, on averddps is consistent with the fact that activitiesthese
sectors are related to CCMTs in contrast to otketoss like, for example, pharmaceutical & bioteabgy or
telecommunications.

Altemative Energy T

Gas, Water & Utilties

I

Electricity
Construction, Building & Materials %
Oil & gas a
Industrial Metals & Mining E
Aerospace & Defence a
—

Industrial Engineering & machinery 02005-07
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Automobiles & Parts 22011-13

Pl

Commercial vehicles & trucks
General Industrials %
Semiconductors a
Phamaceuticals & Biotechnology a
Technology Hardware & Equipment a
Computer hardware, software & services a
Telecommunications i

0% 25% 50% 75% 100%
Exposure to CCMTs

Fig. 7 R&D exposure to CCMTs per sector of European MNCs
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The estimation procedure can provide very grardddéa at company level regarding the amount of naopet
investments allocated to R&D activities in diffetesectors. This can also be used to test the Walidithe first
part of the methodology, (1) — (9). As shown abm@ne MNCs focus their R&D activity almost entirdty
one sector. These companies are commonly definedoa®-technology companies. For example, for those
companies in the alternative energy sector it &soaable to assume that their R&D budget goesthirer
activities related to CCMTs. In Fig. 8, their deelh annual R&D expenditure is compared to R&D value
estimated through the proposed methodology. BaseHis example we draw two important conclusionshen
estimation procedure: (i) it has a high level dfafglity since, for mono-technology companies, taimated
yearly trend of R&D expenditures allocated to CCM@kows the actual one (85% on average in theggkeri
analysed); (ii) it can reveal the specialisatioreleof a given company in one or more sectors.
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Estimated CCMTs R&D
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Fig. 8 Declared vs. estimated R&D in the alternative gpeector (average value). Sample size 3 MNCs

Outcomes deriving from the analysis of sector sgiseition are different when multi-technology comigs
are taken into account. For example, Fig. 9 shoggregated data for European companies active in the
automotive sector. On average, in the period 2aB2only 14% of the total R&D budget has beencalted
to R&D activities related to climate change andigaition technologies. Nevertheless, in the samogethe
total amount has slowly increased indicating a gngvattention from the automotive sector to climettange
mitigation technologies. These results are notriging. On the one hand, the core activity for thesmpanies
is to improve technologies concerning motor velsictin the other hand, the shift towards more enwiental
strategies (e.g. R&D activity in biofuels, battstieelectric vehicles, etc.) is a clear responseéhéo crisis
occurred in this sector in 2009.
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Fig. 9 Declared vs. estimated R&D in the automotive se@eerage value). Sample size 20 MNCs

MNCs distribute their R&D budged geographically ahgh subsidiaries. This propensity can be also
analysed in the context of CCMTs. Fig. 10 showsawerage, the share of the CCMTs R&D budget ingelsye
MNCs in the same origin countrg,ci). This share is very high for many European caestmmeaning that the
R&D investments in CCMTs for the most part do Hotf across countries, similar to findings in Lauweret
al. (2015). This is particular evident for Spaingr@any, Finland, Denmark, France and lItaly: corfiana
resident in these countries invest, on averagee i@n 75% of their R&D in subsidiaries locatedhia same
country. The decision to maintain CCMTs investmdntshe same origin country might be due to a great
benefit of in-house R&D in this specific sector,tora higher difficulty of knowledge transfer ané&magement
among subsidiaries and parent companies locatddferent countries. However, this strategic demwisis not
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common to all MNCs. In fact, corporations residantthe Netherlands, the United Kingdom and Austria,
allocate their CCMTs R&D mostly to subsidiaries ttlzsie not in the same origin country (either inesth
European countries or in non-European countriebjs Thvestment strategy could be related to th¢ tlaat
many multinational corporations have decided teeliheir fiscal residency in countries where thedisegime

is more favourable, while retaining R&D facilitiasd subsidiaries elsewhere.
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Fig. 10 Share of R&D allocated by MNCs to subsidiarieghia same origin countrgd= ci)
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Despite the low inclination to invest in CCMTs Ré&D subsidiaries located in countries different frtmat
of the parent one, some companies still receive R&@stment fronforeign MNCs. Fig. 11 shows the share of
R&D per destination country, coming from parent pamies located elsewherg#c;). Companies in Austria
and Belgium, respectively, receive, on average, 68%63% of their total R&D budget from MNCs loahia
different countries. In contrast, the shardapign investment in Germany, the Netherlands, Franceniaek
and Finland is very low, less than 15% of the total
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Fig. 11 Share of R&D allocated to subsidiaries locatedaantries different from the origin; c,)

Others

It is interesting to compare these last two metificg example, companies located in the Netherlaodsot
receive large amount of R&D investment in the CCMibsn foreign MNCs. Furthermore, Dutch MNCs invest
large proportion of their budget to companies ledah different countries. To further investigatéstrelation,
it is important to see the flow of R&D from origzeuntries ¢;) to destination-countrief, as matrix in Fig.
12 shows. On average, in the period 2003-2013, @&aynis the destination-country where MNCs prefer to
allocate the majority of their CCMTs R&D investméB8%), followed by France (13%) and Switzerlan®)9
MNCs located in the Netherlands, are the most adtivsupporting R&D abroad (32%), with particulaterest
in subsidiaries in Germany (16%) and France (9%gsE results are in line with findings in Guelled e la
Potterie (2001): accordingly they affirm that imational connections often depend on country prayieind
on similarity in technological specialisation arehguage (see for example France primarily investing
Germany, Switzerland and Belgium). Therefore, valire Fig. 12 can be used as indication of the lefel
connections between parent companies and subsilimgated in different countries in respect to @@MTs

sector.
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Destination

AT BE CH DE DK ES FI FR m NL SE UK Others
DE | 2% 0% 0% 1% 0% 0% 1% 0% 0% 4% 1% 1%  11%
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Fig. 12 Share of R&D flow from origin-destination. Averagalues in period 2003-2013, c)

MNCs take the strategic decision to allocate R&Restment to subsidiaries in different locationsauese
of characteristics of the destination-country. Tdégision is technology- or sector-dependent (Meef002;
Malerba and Orsenigo, 1996): country attractivenesges in relation to which technology MNCs waat t
support through R&D investments. Fig. 13 shows, dach technology area, the most prominent destimati
countries for the R&D investment in CCMTs allocategd MNCs resident in different countries. Germaasy i
first in almost every technology area, particulardyenergy and transport. Exceptions are CCMTstadl&o
CCS, where Switzerland is the top destination-cguntith more than 50% of R&D investment provided by
foreign MNCs, and CCMTs related to smart-grids, where $Spgithe top destination-country (26%). In the
remaining technology areas, although Germany resntie favourite destination, other countries alageh
elevated high level of attractiveness: this is tlase of Italy in buildings, Belgium in goods andlytf the
Netherlands and Belgium in waste technologies.
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6. Conclusion and future steps

This paper has proposed a new methodological appr@dming at the estimation of private R&D
investments in Europe. It starts from a detailepaanalysis to calculate the number of inventicoriscerning
climate change and mitigation technologies (CCMTsyentions are then used to estimate R&D expenrglitu
accordingly. The estimation procedure of R&D isltan data available for several multinational cgtions
(MNCs) and on the relative corporate structurejngef though the relations between parent compaaniels
subsidiaries.

There are several advancements achieved with regppeevious works. The dataset is constructedguai
rigorous circular feedback between patent data @rdpanies' information. A clear and robust estiomati
procedure is defined. This improves the quality godntity of data and includes the contributiorR&D of
both large firms and small and medium enterpri$ége. method — here demonstrated for CCMTSs, is agpipléc
to other topics, without specific restrictions dre tnature of the companies, type of business athdsirial
sectors. The resulting information set can proyidicy makers with relevant insights on specifictees and/or
countries, clustered according to territorial ahi@ological characteristics.

In this paper the methodology has been appliedh@éocase of CCMTs in Europe in order to evaluate the
R&D investments of the private sector. In the ldstade the European companies have made conslerabl
efforts to enhance R&D activities in these techgglareas. In the period 2003-2013, the budget atéathas
more than doubled, in particular in R&D dedicatectlimate change mitigation technologies relatedrtergy
(generation, transmission and distribution) andhdpmrtation. Countries’ portfolios of R&D investnign
detailed by technology areas, differ significantyermany has the largest amount of private investrire
CCMTs, allocated across all technologies examifredther countries, on the contrary, companies $abeir
R&D budget primarily to a predominant technologgaar

The methodology also provides data useful in thiutation of metrics regarding the geographical
distribution of R&D investments in Europe. Thes@sider the residence country of the MNCs (originrtoy)
and the location of their subsidiaries throughdwé tvorld (destination country). The exposure to AGM
indicates that MNCs, on average, allocate only I3%heir budget to enhancing these technologiesvéver,
there are differences among countries and sectbrescanomic activity. The limited budget allocateg b
European MNCs to CCMTs is not globalised: on averadpout 66% of these investments remain in theesam
origin countries. However, this trend is countryeedent. The Netherlands is the origin country frohere
the highest share of R&D related to CCMTs is distieéd to other European countries (32% of the Ytotdiile
Germany is the destination country where the higsleare of R&D is allocated by foreign MNCs (39%tloé
total). However, country attractiveness is techggidependent.

The methodology has proposed a number of advandsnrerestimating private R&D. However, it still
contains a number of assumptions that need to bebo mind and will be the subject of further inpement.
The list of companies active in the CCMTs derivesf PatStat. This means that if a company is penifog
R&D activities related to one or more of these tedbgy areas and it has not patented any inventlds,
company is not considered. Although this might hamempact on the total R&D budget, this is assuaedot
significant, since the major investors in this seetre present in the list. The name of every campa the list
is given in PatStat. Although the data cleaningcpss introduces a major improvement in terms oé dat
accuracy and completeness, it still does not gueeathat all company names are accurate. This exeat
complications in the definition of the structuremodltinational corporations, since some subsidsan@y not be
easily recognised by name. This is particularlydewt when both MNCs and subsidiaries are locatesid®i
Europe. Finally, R&D data are available for manyparations, for which the main sector of econonatviy
might not be related to CCMTs, and hence theirniatg activity is not registered under this secfs.a result,
subsidiaries belonging to these MNCs are also isted and, despite the R&D information being avdéa
cannot be included in the estimation procedure.s€quently, the continuation of this research rexuthe
refinement of the structure of MNCs, by constanibgating the existing ones and adding more in dmepde.
This will allow the enhancement of the estimationgedure and the possibility to provide better amafe
robust insights for stakeholders and policy makers.
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Annex |

Scatter plots in Fig. 14 show the relative rankaigeuropean companies with respect to their esédhat
R&D and patented inventions in 2012. These showsthength of the estimation procedure in captuboth
company and technology heterogeneity. On averdgeretis a strong and positive correlation between
inventions and R&D.
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