~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Gandenberger, Carsten

Working Paper
The globalisation of corporate R&D: Evidence from
German environmental technology companies

Working Paper Sustainability and Innovation, No. S14/2018

Provided in Cooperation with:
Fraunhofer Institute for Systems and Innovation Research ISI

Suggested Citation: Gandenberger, Carsten (2018) : The globalisation of corporate R&D: Evidence
from German environmental technology companies, Working Paper Sustainability and Innovation,
No. S14/2018, Fraunhofer-Institut fuir System- und Innovationsforschung ISI, Karlsruhe,
https://doi.org/10.24406/publica-fhg-299146

This Version is available at:
https://hdl.handle.net/10419/180825

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.24406/publica-fhg-299146%0A
https://hdl.handle.net/10419/180825
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Working Paper Sustainability and Innovation
No. S 14/2018

The Globalisation of Corporate R&D.
Evidence from German Environmental
Technology Companies

\

~ Fraunhofer

ISl



Abstract

This paper contributes to the discussion about the globalization of corporate R&D
by analyzing R&D strategies of environmental technology companies. Data is
generated from a survey among German applicants for environmental technology
patents. The survey elucidates motives and functions of foreign R&D as well as
factors influencing the strategic choice between domestic and foreign R&D.

The results strongly support the validity of the efficiency seeking motive for for-
eign R&D. Similarly, there is weak evidence for the resource seeking motive when
controlling for specific host countries. In contrast, the market seeking motive had
no significant influence on the intention to conduct foreign R&D in the future.
Company size seems to be positively associated with investment in foreign R&D,
whereas R&D intensity is not.

Keywords: Foreign R&D, Environmental Technology, Globalization of Technol-
ogy
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1 Introduction

This paper builds on the literature on the globalization of R&D and technology
(Carlsson 2006) to analyze foreign R&D strategies of German companies active
in the field of environmental technology. The extant literature points to the in-
creasing relevance of international corporate networks for technology develop-
ment (Cantwell und Santangelo 2000; Howells 2008; Reger 2002) and suggests,
that foreign R&D can improve the adaptation of technologies to local and regional
markets (Karlsson 2006) and facilitate the combination of knowledge from differ-
ent scientific and cultural backgrounds (Berry 2014). Moreover, the UNCTAD
(2005) has pointed out, that the globalization of corporate R&D can strengthen
innovative capabilities of host countries through knowledge flows from multina-
tionals to the local innovation system.

This strategies of environmental technology companies towards foreign R&D are
of particular interest to the debate about sustainable development, because con-
tinued innovation in the field of environmental technology and enhanced global
technology diffusion can help to alleviate some of the most urgent environmental
problems (Gallagher 2014). Even though the rapid economic development of
China, India and other Asian countries has led to significant changes during the
past two decades, global technological capabilities in the field of environmental
technology continue to be highly concentrated on countries of the Triade - North
America, Europe and Japan (Gandenberger und Wurst 2016). In contrast, envi-
ronmental problems frequently have an international or even global dimension
and will require more international cooperation in the field of technology transfer
as, for example, claimed by Articles 10 and 11 of the UNFCCC's Paris Agree-
ment. In this context, Foreign R&D can be considered as a specific form of For-
eign Direct Investment (FDI) and as one among various channels for global tech-
nology diffusion (Keller 2004).

This paper contributes to the discussion about international transfer of environ-
mental technologies by analyzing foreign R&D strategies of German environmen-
tal technology companies. Data is generated from a survey among German ap-
plicants for environmental technology patents. The survey elucidates motives und
purposes of foreign R&D and addresses factors influencing the strategic choice
between domestic and foreign R&D. The remainder of the paper is structured as
follows: Section 2 discusses findings of the literature on the globalization of cor-
porate R&D. Section 3 describes the methodology for generating the data set.
Section 4 reports descriptive statistics and results of the econometric analysis.
Section 5 discusses these results and concludes.
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2 Theoretical Background

Compared to many other corporate activities, R&D is still one of the least inter-
nationalized (Berry 2014) and has long been considered a case of "non globali-
zation" (Patel und Pavitt 1991). However, this situation has started to change in
recent years and the globalization of corporate R&D has become an important
trend (Reger 2002, UNCTAD 2005). In this context, globalization refers to a pro-
cess "when internationalisation has deepened to include a large number of coun-
tries worldwide and when the process has become increasingly detached from a
particular home country...(Karlsson 2006, S. 63)." According to Howells (2008),
there are three important drivers for the globalization of R&D:

e The number of countries involved in the process has increased. Whereas in
the past, investment in foreign R&D has mainly taken place between countries
of the Triade, now there are investment flows from advanced economies to
developing countries, in particular to China and India, and vice versa;

e Companies face increasing competitive pressure to search for low cost solu-
tions for corporate R&D;

e Companies see the need to move their R&D closer to fast growing markets in
emerging economies.

In addition, rapid advances in information and communication technologies and
more flexible organizational forms have greatly facilitated collaboration in global
R&D networks (Cantwell und Santangelo 2000; Branstetter et al. 2018). Besides,
the increase of foreign R&D is associated with the rise of international mergers
and acquisitions (Karlsson 2006).

These changes in the business environment certainly contribute to a better un-
derstanding of the recent rise in foreign R&D. However, firm-internal motives
need to be considered as well. When applying insights of the literature on Foreign
Direct Investment (FDI) to the specific case of investment in foreign R&D (Dun-
ning 1998), the following motives can be discerned:

e Market seeking or demand oriented foreign R&D is conducted to satisfy the
needs of a specific market and to adapt existing products and processes to
local conditions. In many cases, R&D is following production abroad and sup-
ports production activities based on the exploitation of existing technological
competencies. The market seeking motive for foreign R&D is at the core of
the so-called 'internalisation theory' of foreign R&D, which has long been con-
sidered the dominant explanation for foreign R&D (Le Bas und Sierra 2002)
and has been substantiated empirically by several studies, e.g. Warrant
(1991), Hirschey and Caves (1981), and Mansfield et al. (1979).
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¢ Resource seeking or supply oriented FDI aims to improve access to the re-

sources of a country in order to augment existing capabilities with comple-
mentary external assets (Langlois 1992). National Innovation Systems with
their specific strengths and technological specialization patterns (Furman et
al. 2002) can constitute such a resource. By locating R&D in countries with
excellent technological capabilities, companies can establish links to local sci-
entific networks and gain access to scientific and technological talent (Florida
1997).
Lewin et al. (2009) demonstrate empirically that the shortage of science and
engineering talent in the USA is associated with innovation offshoring.
Kuemmerle (1999) finds that a country's relative market size and strength of
science base determine the inflow of foreign R&D.

e Strategic asset seeking FDI wants to promote or protect the existing owner-
ship specific advantages of the investing firm in relation to its competitors.
Foreign R&D and the combination of dispersed knowledge located in global
R&D networks can contribute to the build-up of a hard to imitate competitive
advantage (Kogut und Zander 1992).

e Efficiency seeking FDI has the objective to bring about a more efficient divi-
sion of labour within the MNC. With respect to foreign R&D, the efficiency
seeking argument is closely associated with investments in emerging econo-
mies with high technological capabilities but comparatively lower wages
(Howells 2008).

In light of these heterogeneous motives, it becomes clear that foreign R&D can
fulfill very different functions in corporate innovation processes: The market seek-
ing argument emphasizes the need to adapt and tailor existing products to foreign
markets and hence, is associated with an incremental and application-oriented
type of innovation (Rugman 1981). In contrast, the resource seeking argument is
rather geared towards developing new-to-the-world, radical innovation based on
improved access to scientific talent and networks. The strategic asset seeking
argument broadens this perspective again by stressing the ability of MNC to com-
bine complementary technological capabilities located in different countries.

How are these findings related to the literature dealing with environmental inno-
vation and environmental technology? For one thing, environmental innovation is
considered to be particularly challenging, because it faces the so-called double
externality problem (Rennings 2000; Jaffe et al. 2005). Just like other types of
technological innovation, environmental innovation produces positive knowledge
externalities, which result from the public-good nature of knowledge. In addition,
environmental innovation per definition generates positive externalities for the en-
vironment. Hence, the conventional wisdom is that private investments in envi-
ronmental innovation will be smaller than socially desired. Moreover, environ-
mental innovations frequently fail to move from niche to mass markets due to
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institutional and technological lock-ins (Unruh 2002). In order to overcome these
challenges, specific environmental and technology policies are considered to be
necessary (Jaffe et al. 2005; Rodrik 2015).

In face of these specific characteristics of environmental technologies paired with
their increasing global relevance, the internationalization of R&D for environmen-
tal technologies has started to attract attention from research (Hansen et al. 2016;
Noailly und Ryfisch 2015). Noailly and Ryfisch (2015) find that 17% of green pa-
tents result from R&D investments outside the companies home country. Accord-
ing to their results, the probability of conducting foreign R&D increases with the
host country's stringency of environmental regulation, market size and green
R&D intensity. In addition, lower wages for researchers and protection of intellec-
tual property rights in the host country have a positive influence on the inflow of
green R&D.

In order to prepare and structure the empirical research conducted in this paper,
the following suppositions will derive implications of the above-mentioned char-
acteristics of environmental innovation for the strength of different motives for
foreign R&D. First, due to the higher uncertainty associated with environmental
innovation, companies might make extra efforts to reduce costs and risks asso-
ciated with the innovation process. This argument would support the efficiency
seeking motive for foreign R&D. Second, the global dimension of many environ-
mental problems, the international diffusion of environmental policies (Jéanicke
2005) and the signing of transnational agreements supporting international tech-
nology transfer, have created a large market potential for environmental technol-
ogy, which companies can better tap into when adapting their products and ser-
vices to local needs. Hence, the market seeking argument seems to be particu-
larly relevant in this context. Third, environmental technologies in general have
been classified as medium to high technology goods and most of the sectors
traditionally involved in the production of environmental technologies, in particular
machine building, are not characterized by high investments in R&D. In view of
the fact, that environmental technology and machine building in particular can be
considered a traditional strength of the German innovation system, the resource
seeking argument for foreign R&D might apply to a lesser extent.

In the following, these suppositions will be examined on the basis of data gener-
ated by a survey among German environmental technology companies.
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3 Data Set and Questionnaire

The sample was generated from a population of 2425 companies registered in
Germany and with at least one transnational or domestic patent application in the
field of environmental technology during 2006 and 2011. In a first step, patents
were identified as environmental technology based on the European
CEPA/CReMA classification scheme (see Annex | for details) and a translation
of these categories into IPC (International Patent Classification) codes.

Based on these IPC codes the PATSTAT database was searched for transna-
tional and domestic patents applications in the period 2006 to 2011 of companies
registered in Germany. In a second step, the patent data was matched with the
Bisnode company database in order to gain additional information about the pa-
tent applicants, such as company size, sector and address. In a third step, a
guestionnaire in German language was sent to the head of R&D, or alternatively
to the company's CEO if the company lacked such a position, in written form in
April 2017. In total, 224 companies returned the questionnaire during May and
June 2017, which yielded a response rate of 9.2%. A comparison of sample dis-
tribution in terms of company size and sector with the population is displayed in
Table 1 and Table 2.

Table 1: Distribution of Company Size in Sample and Population, com-
pany size measured in number of employees
Percent Popu- Percent
Employees N Population lation N Sample Sample
1-50 773 32% 72 32%
51-100 306 13% 29 13%
101 - 250 444 18% 47 21%
251 - 500 274 11% 19 8%
501 - 1.000 194 8% 18 8%
1.001 - 5.000 224 9% 23 10%
>5.000 78 3% 14 6%
NA 132 5% 2 1%

Total 2425 100% 224 100%
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Table 2: Distribution of Sectors in Sample and Population

Percent Popu- Percent
Sector N Population lation N Sample Sample
Machine Building 552 23% 60 27%
Metals 218 9% 32 14%
Electrical and Optical Eq. 205 8% 19 8%
Electrical Eq. 187 8% 20 9%
Rubber and Plastic 147 6% 23 10%
Other 1116 46% 66 29%
NA 0 0% 4 2%
Total 2425 100% 224 100%

In terms of company size, the sample represents the population quite well, but
the sector distribution is slightly biased towards the sectors 'machine building’,
'manufacture of fabricated metals' and 'manufacture of rubber and plastic prod-
ucts'. The cross sectoral character of environmental technology becomes appar-
ent in the magnitude of the 'Other’ classification, which contains 46 % of the com-
panies in the population and 29 % in the sample. Other includes sectors such as,
the automotive industry, engineering offices or manufacture of glass and ceram-
icS.

The questionnaire consists of 12 questions, thereof five are concerned with basic
characteristics of the company (sector, number of employees, percentage of
workforce working abroad, R&D intensity, share of foreign R&D in total R&D
budget). Another seven questions deal with the company's current and future
R&D strategy in Germany and abroad. Companies without foreign R&D activities
were asked to skip the questions related to foreign R&D and to move on to the
last question, which gave them the possibility to provide reasons for not investing
in foreign R&D.
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4 Results

4.1 Descriptive Statistics

Corporate R&D intensity (RD_sales) as measured in terms of average R&D ex-
penditures in relation to sales (between 2014-2016) had a mean value of 9.38%
(N = 220) and a median value of 5.0%, which is in line with prior findings charac-
terizing environmental technology as medium to high technology. The share of
the company's foreign R&D activities in the total R&D budget was 2% or less for
75% of the respondents, which suggests that R&D in the German environmental
technology sector is still predominantly conducted in the home country. However,
the sample mean is 5.6% (N = 217) due to some companies with very high shares
of R&D conducted outside Germany.

In order to learn more about the companies' current R&D strategy with regard to
geographic locations and partners, respondents were asked to highlight different
types of organizations with whom they cooperated in the field of R&D. As Table
3 shows for Europe, which includes Germany, R&D conducted in a subsidiary
accounted for one third of the answers and R&D in cooperation with universi-
ties/public research labs for almost a quarter. Slightly less frequent is R&D in
cooperation with customers and suppliers. This pattern differs from R&D con-
ducted by German companies in the USA, China, India and the rest of the world
(RoW), where research conducted in subsidiaries has a much higher share in
total R&D activity. In contrast, R&D conducted together with universities was less
frequently mentioned. On average, R&D projects with customers (suppliers)
seem to be more (less) frequent compared to the situation in Europe. For all re-
gions, R&D together with competitors seem to be very rare.

Table 3: Combinations of Countries/Regions and R&D Partner Types!

Country/Region N Subsidiary  University  Customer  Supplier Competitor

Europe 577 33% 24% 22% 18% 2%
USA 53 42% 8% 36% 13% 2%
China 64 48% 8% 20% 23% 0%
India 23 65% 4% 26% 4% 0%
RoW 72 42% 8% 36% 13% 1%

Using a five-point Likert type scale, respondents were asked to indicate their ex-
pectations towards their company's level of R&D activity in Germany and abroad

1 Multiple answers were possible.
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during the next five years. The positive mean value of 0.45 (N=214) on a scale
between -2 (significant decrease) and 2 (significant increase) suggests that re-
spondents tend to slightly increase their R&D activities in Germany. With regard
to foreign R&D, the mean value of 0.77 (N=112) indicates that respondents' sup-
port for increasing foreign R&D seems to be somewhat stronger than for increas-
ing R&D in Germany (see Table 4).

Table 4: Expectations with regard to the Future Investments in Foreign
R&D (FUT_Foreign_R&D) and Domestic R&D (FUT_R&D Ger-
many)

FUT_Foreign R&D FUT_R&D_Germany
N Percent N Percent

significant decrease 1 0.9% 8 3.7%

slight decrease 3 2.7% 11 5.1%

constant 38 33.9% 91 42.5%

slight increase 49 43.8% 85 39.7%

significant increase 21 18.8% 19 8.9%

Total 112 100% 214 100%

In the next question, respondents indicated the countries where they would like
to conduct R&D in the future. The results revealed that European Countries are
the most important destinations of German companies' foreign R&D (37.3% of
the mentions), followed by China (19.3%), the USA (17.6%), India (9.8%), Japan
(5.3%), and South-Korea (2.5%).

In order to gain a better understanding of the factors that motivate foreign R&D
location, the next question asked respondents to what extent they agreed with
the following motives:

Proximity to production sites (Prox_Prod),

Proximity to important suppliers (Prox_Supply),

Proximity to fast growing markets and customers (Prox_Market),

Proximity to important innovations systems (IS), networks or so-called 'Cen-
ters of Excellence' (Prox_Excellence),

Cost advantages (Costs),

e Foreign R&D entity as result of corporate Merger & Acquisition (M&A) (Acqui-
sition).

In this and the following questions, a five point Likert type scale is employed, in
which a value of 0 indicates "does not apply at all" and a value of four "does fully
apply". The results summarised in Table 5 point to the importance of conducting
R&D close to important markets and customers (Mean = 2.98). Furthermore,
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proximity to production is another important argument (Mean = 2.28), which how-
ever is rejected by about one third of the respondents. Presumably, this is be-
cause these companies are not engaged in production activities. Costs (Mean =
1.77), Proximity to Centers of Excellence (Mean = 1.69), and Proximity to Suppli-
ers (Mean = 1.64) are slightly less important and Acquisitions (Mean = 0.67)
hardly applied.

Foreign R&D can serve different functions in the company's innovation process.
Thus, respondents were asked to indicate, which of the following functions their
foreign R&D fulfilled:

e Support of a foreign production site (Support_Prod);

e Adaptation of existing products or services to local context and market
(Adaptation);

e Development of products 'new to the world' (Product_Dev);

e Development of services 'new to the world' (Service_Dev).

The results displayed in Table 5 suggest that foreign R&D is most relevant for the
adaptation of existing products to the local context and market environment, but
to a somewhat lesser extent also for the support of foreign production sites and
the development of new products. In contrast, the development of new services
seem to be less crucial for the respondents.

Table 5: Motives and Functions of Foreign R&D, scale running from O
("does not apply") to 4 ("fully applies™)
N Mean SD
Motives
Proximity to Production 103 2.28 1.8
Proximity to Supply 100 1.64 1.42
Proximity to Market 109 2.98 1.21
Proximity to Centers of Excellence 96 1.69 1.36
Costs 96 1.77 1.38
Acquisition 93 0.67 1.15
Functions
Support Production Site 106 2.28 1.65
Adaptation of Product / Service 107 2.79 1.26
Product Development (New-to-the-World) 110 2.11 1.3
Service Development (New-to-the-World) 100 1.25 1.19

The last two questions deal with competitive advantages and disadvantages as-
sociated with foreign R&D. Building on insight of the extant literature, the following
potential advantages and disadvantages of foreign R&D were included in the sur-
vey.
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Advantages associated with of foreign R&D:

e Increased innovation capacity by tapping into the strengths of foreign innova-
tion systems;

e Improved consideration of local and regional conditions in the innovation
process;

¢ Reduced R&D expenditures;

e Increased innovation capacity through integration of perspectives from
diverse cultural and scientific backgrounds.

Disadvantages associated with foreign R&D:

Unintended dissipation of knowledge;

Violation of intellectual property rights;

High investment needs;

High operating costs;

Large cultural distance;

Higher uncertainty about added value compared to domestic R&D.

Please note, that the number of respondents was considerably higher for the
guestion related to competitive disadvantages because those companies, which
currently do not have foreign R&D units were asked to use this last question to
indicate the most important reasons for not investing in foreign R&D. The results
indicate that market advantage finds the highest approval followed by integration
advantage, innovation advantage and cost advantage. With regard to potential
disadvantages, knowledge dissipation was the most prominent risk, followed by
IPR risks, high operating costs, uncertain value added of foreign R&D, cultural
differences, and high investment needs.

Table 6: Potential Competitive Advantages and Disadvantages of Foreign
R&D, scale running from 0 ("does not apply"”) to 4 (“fully applies”)

N Mean SD
Advantages
Access to Strengths of Foreign IS 107 1.99 1.2
Improved Adaptation to Local Conditions 112 274 1.21
Reduced R&D Costs 107 1.78 1.31
Integration of Different Scientific Backgrounds 106 217 1.17
Disadvantages
Risk of Knowledge Dissipation 191 2.58 1.05
Violation of IPR 188 23 11
High Investment Needs 185 1.78 1.06
High Operating Costs 185 224 1.03
Cultural Distance 181 1.94 1
Uncertain Value Added 179 2.03 1.1
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4.2 Regression Results

Five ordered logistic regression models were computed to explain the expected
future level of foreign R&D. The six motives for foreign R&D discussed in section
4.1 were included as explanatory variables. Furthermore, company size and R&D
intensity are included as control variables. The results of the first model (I) sug-
gest, that perceived cost advantages of foreign R&D were positively associated
with foreign R&D at the p < 0.01 level, whereas the other motives had no signifi-
cant influence on the dependent variable. Furthermore, company size was found
to be positively associated with foreign R&D at the p < 0.05 level, but R&D inten-
sity was not associated with foreign R&D. In addition, three regression models
(11-1V) were calculated, which include specific dummy variables for China (Model
I), the US (Model Ill) and the EU (Model 1V). These Dummies were designed
based on the respondents’ answers to the question whether they would invest in
R&D in these countries in the next five years. The models including country spe-
cific dummy variables revealed that perceived cost advantages had a highly sig-
nificant positive influence on foreign R&D. In addition, 'Proximity to Centers of
Excellence' had a significant (p < 0.10) and positive influence on foreign R&D.
The results of model V, which includes all three Dummy-Variables supports these
findings.
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Table 7: Results of Ordered Logistic Regression Models, explaining the
Future Level of Foreign R&D (FUT_FOREIGN_RD)
I I n v v
b/SE b/SE b/SE b/SE b/SE
Prox_Prod -0.269 -0.194 -0.206 -0.2 -0.198
0.18 0.18 0.18 0.18 0.18
Prox_Supply -0.039 -0.022 -0.019 -0.005 0.016
0.17 0.17 0.17 0.17 0.18
Prox_Market 0.147 0.186 0.164 0.14 0.154
0.23 0.23 0.23 0.23 0.23
Prox_Excellenc 0.269 0.334* 0.331* 0.353* 0.362*
e
0.19 0.19 0.19 0.19 0.19
Costs 0.653*** 0.587** 0.574%** 0.556*** 0.598***
0.2 0.21 0.2 0.2 0.22
Acquisition -0.233 -0.293 -0.29 -0.22 -0.244
0.22 0.22 0.22 0.23 0.24
Size 0.309** 0.197 0.192 0.201 0.204
0.15 0.13 0.13 0.13 0.13
RD_SALES 0.022
0.02
CN_Dummy -0.117 -0.234
0.54 0.56
USA_Dummy 0.134 0.13
0.48 0.48
EU_Dummy -0.332 -0.369
0.5 0.51
N 78 79 79 79 79
Log Likelihood -80.221 -82.65 -82.63 -82.45 -82.34
Chi-Square 20.04** 757 17.54%* 17.91%* 18.13*
Pseudo R2 0.111 0.096 0.096 0.098 0.099

Notes: *Significance at p < 0.1, **Significance at p < 0.05, ***Significance at p < 0.01, Standard Errors

in italics
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5 Discussion & Conclusions

The regression results strongly support the validity of the efficiency seeking mo-
tive for foreign R&D of German environmental technology companies, which sup-
ports the argument put forward in section 2. Similarly, there is weak evidence for
the resource seeking motive, when country specific dummy variables for the
EU, China and the USA are included in the model. In contrast to the considera-
tions in section 2, the market seeking motive seems to have no significant influ-
ence on the intention to conduct foreign R&D. Moreover, company size (as meas-
ured in number of employees) seems to be positively associated with investments
in foreign R&D, whereas R&D intensity is not.

These results correspond with prior research of Noailly and Ryfisch (2015) in the
sense that a wage differential of science and engineering personnel increases
the likelihood of environmental technology companies to invest in foreign R&D.
Unlike other prior studies, the results do not support the market seeking motive
for foreign R&D. A possible explanation might be that MNC, which have started
to invest in foreign R&D in the past, might initially have focused on product adap-
tation and are now in a position to involve their foreign R&D units from the begin-
ning of the innovation process, making product adaptation at later stages of the
innovation process redundant. Therefore, in recent years, the emphasis might
have shifted towards realizing cost reductions. Future research is necessary to
shed light on this finding. The weak evidence for the resource seeking argument
is again in line with Noailly and Ryfisch (2015) and many other prior studies (e.qg.
Florida 1997), but somewhat in contrast to the assumptions of section 2, stating
that Germany's industrial strength in environmental technology and machine
building would weaken the relevance of the resource seeking motive. Neverthe-
less, one has to keep in mind that the environmental technology is a cross cutting
technology field, which makes it very likely that other countries have developed
unique technological capabilities (Walz et al. 2008), which are complementary to
those in Germany.

The positive impact of company size on foreign R&D activity supports the intuition
that larger companies have a wider geographic reach and are therefore more
likely to invest in foreign R&D. Unlike other prior surveys (e.g. UNCTAD 2005),
the survey was not focused on large MNC. Hence, only half of the companies in
the sample stated that they conduct foreign R&D and on average, foreign R&D
seems to be only a small fraction of corporate R&D budgets. Important barriers
to conduct foreign R&D seem to be rooted on the risk of unintended knowledge
dissipation and the risk of IPR violation, which is in accordance with prior studies
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(Branstetter et al. 2006; Lai 1998). Compared with R&D in the EU context, foreign
R&D conducted in a non-EU context is focused on R&D in subsidiaries, whereas
R&D together with universities is much less frequent.

Taken together, these findings suggest that German environmental technology
companies tend to expand their foreign R&D primarily in order to reduce the costs
associated with environmental innovation. At the same time, German companies
use this strategy to tap into the complementary strengths of larger foreign inno-
vation systems.
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7 Appendix
Appendix 1: CEPA/CReMA-Classification
Classification of Environmen-  CReMA | Classification of Resource
tal Management Activities
Protection Activities
1 Protection of ambient air and 10 Management of waters
climate
2 Wastewater management 11 Management of forest
resources
3 Waste management 11 A Management of forest areas
4 Protection and remediation of 11B Minimisation of the intake of
soil, groundwater and surface forest resources
water
5 Noise and vibration abatement 12 Management of wild flora
and fauna
6 Protection of biodiversity and 13 Management of energy
landscape resources
7 Protection against radiation 13 A Production of energy from
renewable sources
8 Research and development 13B Heat/energy saving and
management
9 Other environmental protection 13C Minimization of the intake of
activities fossil resources as raw ma-
terials for uses other than
energy production
14 Management of minerals
15 Research and development
16 Other natural resource man-
agement activities

Source: Eurostat (2009)
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