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Abstract

Purpose: This study aims to examine the strategic alliance portfolio and the characters
of focal firm partners in the eco-friendly car market, and also suggest the important
managerial implications and suggestions for firms’ managers and policy-makers using
the patent information of Toyota and Hyundai as examples. This study identifies the
fundamental differences in Hyundai’s strategic partnerships through the comparison
with Toyota’s alliance portfolio.

Key literature reviews: This study analyzes the configuration of alliance portfolio using
the patent citation information and various patent citation indexes. Many previous
studies use patent citation information to analyze the flow of technological knowledge
and the relative importance of the technology that companies produce (Hall, Jaffe, &
Trajtenberg, 2005). Patents contain a lot of information, which researchers use to derive
multiple properties related to technological innovation or technological excellence
(Ernst, 2003). Especially, the Current Impact Index (CII), the Technology Strength
(TS), the Technology Independence (TI) and the Science Linkage mean the
technological innovation of companies (Chang, Chen, & Huang, 2012; Z. Huang et al.,
2003; Sung, Wang, Huang, & Chen, 2015).

Design/ methodology/ approach: The paper employs patent data for collection of
partnership data for both Hyundai and Toyota using joint patent filings, and the
alliance portfolios are configured by using co-assignees as partners. In addition, we use
patent citation indexes to analyze the relationship between firms’ technological alliance
and innovation capability.

(Expected) findings/results: The results of this study show that; 1) Toyota is actively
developing joint R&D activities but, Hyundai is not. Because of this, Toyota has the
advantageous position to obtain knowledge and technology than Hyundai due to the
high centrality in alliance portfolio. 2) The alliance portfolio of Toyota and Hyundai can
be categorized four groups by the degree of collaboration and patent quality. 3) There
are differences in the properties of four groups of Toyota’s alliance portfolio and
Hyundai’s alliance portfolio.
(Continued on next page)
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Research limitations/ implications: This study has several limitations. First, patent
information indicates only the cross-section of the company’s innovation. Second, joint
patents are not the only outcome of joint R&D, and comprise only a very small part of
the output from joint R&D activities. In spite of these limitations, the findings suggest
how firms can catch up to access the automotive bioplastic market, and offers
contributions to theories related to portfolios.

Keywords: Automotive bioplastic, Alliance portfolio, Joint patent, Configuration, Pattern
Introduction
In recent years, the car material industry rapidly changes from petroleum-based to

biomass-based materials to solve global environmental problems and natural resource

depletion, including petroleum (European Bioplastics 2015; Harris 2011). Bioplastic

produced from biomass which is the renewable biological resources, requires a fusion

of chemical and biotechnology. Strategic alliances are absolutely necessary in bioplastic

sector to secure original technology and raw materials (Chen 2012; Álvarez-Chávez

et al. 2012; Park et al. 2013). The collaborative innovation network of focal firms like

Toyota and Hyundai is an alliance portfolio (Duysters et al. 1999; Hoffmann 2007; Kim

et al. 2012). An alliance portfolio consists of the strategic alliances of the focal firm.

Some analyze it from a corporate strategy perspective in terms of various businesses

(Wassmer 2010). In this study, alliance portfolio is defined as the strategic network of a

firm and its partners. This study investigates the dynamics of strategic innovative net-

work in the Asian eco-friendly car market and shows the configuration of an alliance

portfolio to access this market using Toyota and Hyundai as examples. Previous studies

emphasized the importance of open innovation through cooperation between individ-

uals, companies, universities, institutions, and governments (Douglas 2015; Kwon et al.

2015; Patra and Krishna 2015; Theinsathid et al. 2009; Yun et al. 2016), and discussed

the challenges of market access and sustainability (Álvarez-Chávez et al. 2012; Iles and

Martin 2013; Rudge et al. 2005). However, there are no previous studies into innovation

in collaborative innovation networks and the innovation capability of a firm in the bio-

plastic industry.In this study, we first identify the difference of the collaboration net-

work between the leading company and the follower in the automotive bioplastic

market. This study aims to fill the gap in the literature related to leading companies

and fast-followers by analyzing their alliance portfolio in the automotive bioplastic do-

main and contribute to the theoretical research on R&D collaborations using the case

of Toyota and Hyundai. This study shows the difference in the alliance portfolio of the

leading company (Toyota) and the fast-follower (Hyundai). Because alliance portfolio

reveals information to competitors focusing on a similar technology domain as the

focal firm, the analysis of a firm’s alliance portfolio is very important.

We collected partnership data for both Toyota and Hyundai using joint patent filings,

and we configured the alliance portfolios using co-applicants as partners. Our study

joins previous studies using patent statistics as measures of technology innovation per-

formance and regards patent statistics as a measure of the results of technology

innovation performance (Kapoor et al. 2015; Kim and Lee 2015; Picard 2012; Yun et al.

2010). Additionally, we analyze the relationship between R&D collaboration and
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technology performance through business innovation using joint patents.This rest of

the paper is structured as follows. Section 2 summarizes the relevant research, and sec-

tion 3 describes data source and methodology. Section 4 presents the results and ana-

lysis of the alliance portfolio configurations, and discusses the differences in the

alliance portfolio configurations and characteristics of the partners involved in various

portfolio patterns classified according to the degree of R&D collaboration and technol-

ogy innovation performance. The final section concludes the paper with a discussion of

the implications and the limitations of our study.
Literature review
Configuration of alliance portfolio

Many previous studies analyzed the configuration and properties of alliance portfolios

using the quantitative indexes as the number of partners, partner diversity, intensity of

partnership (repeated partnerships) and technological similarity (Frankort et al. 2012;

C. Kim and Song, 2007; Kim and Choi 2014; Ma et al. 2013). However, this study ana-

lyzes the configuration of alliance portfolio using the patent citation information and

various patent cation indexes.

Many studies use patent citation information to analyze the flow of technological

knowledge and the relative importance of the technology that companies produce

(Hall et al. 2005). Patents contain a lot of information, which researchers use to derive

multiple properties related to technological innovation or technological excellence

(Ernst 2003). Tseng et al. (2011) analyze the trends and technological strategies in the

amorphous silicon thin-film solar cell industry using patent citation indexes. David

W.L. Hsu and Yuan (2013) identify knowledge creation and diffusion in Taiwan’s uni-

versities utilizing forward citations, backward citations, and Science Linkage (SL).

There are various patent citation indexes. Current Impact Index (CII) is an index that

represents technological excellence measured by the number of citations of one patent

by other patents in the previous five years. A higher CII indicates that a patent has high

technological capability (Chang et al. 2012; Chen et al. 2007; Chiu and Chen 2007).

Technological Strength (TS) demonstrates the excellence of technology by indicating

the scale of a company’s influence in a specific technological field. A higher TS means

that the company has higher market competitiveness. Therefore, a company with the

higher TS in its alliance portfolio may enjoy a dominant position in the market. An-

other index is Technological Independence (TI) that implies technological innovation

is the degree of citations of internal patents developed in an alliance portfolio. In other

words, it indicates that an alliance portfolio with the higher TI actively uses the tech-

nologies developed by internal actors (Huang et al. 2003).

Lastly, Science Linkage (SL) represents technological innovation. SL indicates that ac-

tors in an alliance portfolio actively develop science-based technologies and lead scientific

technology in the market. Sung et al. (2015) classify four companies with a higher SL by

analyzing the results for the top 20 companies in the Computers and Communication

(C&C) field. They emphasize that a higher SL does not mean that a company has the low

technological competitiveness, but that it has technological innovation capability.

Previous studies measured the degree of collaboration between a focal firm and their

partners using the number of joint patents. However, it is difficult to determine the
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extent of cooperation between enterprises for technological innovation accurately using

this method. Salton’s index compensates for this disadvantage by providing information

about the scale of cooperation between companies using the relative rate of joint pat-

ents in all patents (Lu and Feng 2009). Lee et al. (2016) measure the extent of cooper-

ation between large firms and small-medium firms using Salton’s index.

This study uses the CII, TS, TI, and SL indexes, which represent technological

innovation and technological excellence to measure patent quality, and Salton’s index

to measure the degree of cooperation between a focal firm and its partners. The

present study thus differs from previous research because it uses patent citation indexes

for analyzing the configuration of alliance portfolio.
Bioplastic industry

Bioplastic is the polymer produced with bio-mass, a bio-resource based on the fermenta-

tion process (Jegal 2012; Ministry of Environment 2014). Its renewable properties have fo-

cused attention on bioplastic as an eco-friendly material that can reduce CO2 emissions.

The global bioplastic market was at $ 1.9 billion, formed initially by the US, Europe,

and Japan, which have strong environmental regulations in 2011. Europe accounts for

60% of the entire bioplastic market (European Bioplastics 2016). Leading countries such

as the US, Japan, and some in Europe focused early on R&D in environmental pack-

aging technology. These countries completely supported R&D and investment costs in

the bioplastic industry at the early stages, led by the government (Iles and Martin,

2013). Strategic alliances between traditional chemical companies and start-up bio-

companies have expanded in the industry. In the automobile industry especially, com-

panies have expanded the use of bioplastic materials for to enhance their eco-friendly

image (European Bioplastics 2015).

In the Japanese automobile business, Toyota has actively used bioplastic to produce

eco-friendly cars. In 2009, Toyota produced a new eco-friendly hybrid vehicle using

plant-based bioplastic for 60% of the vehicle’s inner areas. Additionally, after taking

over the PLA production factory from Shimadzu in 2002 through a strategic alliance,

Toyota expanded PLA production to produce eco-friendly cars and supplied other

companies with the material. Moreover, Toyota engages in active research to improve

PLA’s material properties (Jegal et al. 2008), with many patents related to bioplastic

because they vigorously cooperate with other companies in R&D.

In Korea, after a set of government-mandated tasks related to bioplastic R&D in

1993, companies such as SK chemical, LG Chemical, and so on engaged in bioplastic

R&D. Although many firms’ manufacturing technology for bioplastic reached a relatively

high standard, most commercialization stopped due to excessively strict regulations

(Han 2011). Domestic bioplastic in Korea is produced mainly by big chemical com-

panies such as LG chemical, GS Caltex, and CJ. In 2009, Hyundai was the first to use

PLA to produce an eco-friendly hybrid car.
Methodology
Measurements

We use patent statistics to measure the firm’s innovation capability and R&D collabor-

ation since they provide useful information about the flow of technology development
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with objective and standardized indexes containing the latest technology trends. In

addition, because patents are an objective and formal innovation measurement result,

many previous studies use patent statistics to measure firms’ innovation capability.

We define a joint patent as that consisting of two of more assignees affiliated with

different organizations through information contained in patents. We use these joint

patents to measure and analyze R&D collaboration activity, a common methodology

employed in earlier research (Y.-S. Chen & Chen 2011; Hoffmann 2007; Huang et al.

2012; Lee and Lee 2013; Lin et al. 2012; Motohashi and Muramatsu 2012; Tseng et al.

2011; Yun et al. 2015). We thus adopt this method to measure the relationship between

R&D collaboration and innovation capability.

It is possible to create an alliance portfolio from joint patents resulting from R&D

collaboration. Although alliance portfolios can be categorized as alliance portfolio emer-

gence, configuration, and management, this study focuses on alliance portfolio configur-

ation, measured by the size and intensity of the R&D collaboration network.

The firm’s innovation capability is measured with a patent citation analysis. Previous

studies showed that patents with high numbers of citations in patents filed by other

firms have a high technology value. Through a patent citation analysis, many researchers

analyzed technological skill and market power, and also measured a firm’s innovation

capability.

This study analyzes co-assignees in joint patents to create an alliance portfolio for the

focal firms and measure its technological skill according to the alliance portfolio. Fur-

thermore, we conduct a comparative analysis about the degree of R&D collaboration

among partners and the level of technological skill.
Data

We use data from the Thomson Innovation Database because it supplies a variety of

the information required for this study, such as inventors, application year, and assignees’

affiliations. We can also select only bioplastic patents because this database provides pa-

tent information supplemented by expert reviews since patents may differ in their actual

contents when assignees do not want to publish their patent information openly. We

searched this database including USPTO (United States Patent and Trademark Office),

EPO (European Patent Office), JPO (Japan Patent Office) and KIPO (Korean Intellectual

Property Office) for patents from 1984 to 2013 related to bioplastic for Toyota and

Hyundai. We identified 45,240 bioplastic patents and classified the patents of Hyundai

and Toyota from the entire bioplastic patents (see Fig. 1). Toyota has 233 joint patents of

their total of 415 patents, and Hyundai has 71 joint patents of their total of 165 patents.

Additionally, Toyota collaborated in R&D with 34 partners, while Hyundai collaborates

with 26 partners.
Patent citation analysis indexes

This study analyzes firm’s innovation capability through the number of partners and

the degree of cooperation using the patent citation information of joint patents of both

companies. Joint patents are analyzed through the patent citation indexes suggested by

CHI research Inc. (Narin 1999).
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Citations Per Patent (CPP) means the average number of times that the patent is

cited from other patents as an index to evaluate the quality of the patent’s technical

capabilities. Patents with more citations are considered an important invention useful

for future inventors. Additionally, companies holding patents with high CPP values are

more advanced than other firms.

CPP ¼ Number of citations
Number of patents

CII indicates the degree of citations in other patents over the previous five years.
Higher CII values indicate that firms have a high technology impact and shows active

R&D in the technology field. CII shows the technological skills of specific assignees in

same industry sectors through correlations among companies. If the CII value is 1, the

technology impact is average, but a CII of 2 represents a patent cited twice as much as

the average by backward patents.

CII ¼ Cij=KijX5

t¼1
Cij=

X5

t¼1
Kij

t: the past 5 years based on current year
Cij: Number of the cited patents in a certain year

Kij: Number of patents
X5

t¼1
Cij: Number of cited patents of company i in industry j from the previous five years

X5

t¼1
Kij: Number of patents of company j produced in industry j during the previous

five years

Technological Strength (TS) is the number of patents multiplied by CII. TS means

the qualitatively weighted evaluation of firms using patent quality and quantity. A

higher TS value implies a short industrial circulation cycle or a highly competitive

market.

TS ¼ Number of patents� CII

Technology Independence (TI) indicates the degree of firms’ self-citations. A higher
TI means that firms conduct R&D using their own technologies in a relevant field, and
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a lower TI value indicates that the firm increases their technologies using both its own

in-house technology and that of other firms.

TI ¼ Number of self � citations
Number of citations

Lastly, we measure the degree of joint research cooperation (R) using Salton’s index
(degree of collaboration) because the collaboration relationship shown by the number

of joint patents cannot represent the relative degree of cooperation. The number of

joint patents simply describes the quantitative information about R&D collaboration,

but Salton’s index (degree of collaboration) represents the relative ratio of joint inven-

tions considering the overall number of the patents, and thus represents the degree of

cooperation among comparison targets.

R ¼ Pijffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Pi � Pj

p � 100

Pij: Number of i and j joint patents
Pi: Number of joint patents of company i

Pj: Number of joint patents of company j

Results
According to Fig. 2, the number of the joint patents rapidly increased from 2000 to

2005, showing that Toyota actively collaborated with their partners in bioplastic R&D.

The total number of bioplastic patents rapidly increased, while the number of joint pat-

ents steadily increased from 2007 to 2011.

On the other hand, the number of the total patents and joint patents increased since

2009. This is especially true in the case of Hyundai, which shows that the size of

Hyundai’s alliance portfolio gradually increased.
Fig. 2 Joint patents related to total patent activity



Jeong and Ko Journal of Open Innovation: Technology, Market, and Complexity  (2016) 2:24 Page 8 of 16
Figure 3 illustrates CII, which for Toyota is 1.27 meaning that its patents were cited

by other patents 27% more than the expected number. Thus Toyota’s patents have a

bigger technological impact than other firms. Hyundai’s CII for all patents is 0.7, and is

0.6 for joint patents. As for Toyota, its CII for joint patents is higher than that for ex-

clusive patents. This could be because Toyota has high technological skills in R&D

collaboration.

Figure 4 and 5 show TS of total and joint patents over time. Toyota has higher TS in

R&D collaboration, except for 2012. In 2011, Hyundai had the most total and joint pat-

ents, as well as a higher TS value. However, Hyundai does not actively collaborate with

other partners as Toyota does. Because Toyota and Hyundai have different alliance

portfolio characteristics, Toyota has high TS through R&D collaboration, while Hyundai

does not improve their technological skills through R&D collaboration. We therefore ana-

lyzed both firms’ alliance portfolios in view of partner and size.
Alliance portfolio configuration and properties of partners

Figure 6 shows the relationship between the degree of collaboration and patent quality

in Toyota’s alliance portfolio. We classified four groups according to the degree of the

relationship between the degree of collaboration and patent quality. ‘Key partners’ have

a high value for the degree of collaboration and patent quality and ‘Potential partners’

have a high value for patent quality and a low value for the degree of collaboration.

‘Nominal partners’ have a low value for the degree of collaboration and patent quality

and ‘Diligent partners’ have the high value of degree of collaboration and a low value

for patent quality.

Table 1 reports the results of the analysis. Patents of ‘Key partners’ are cited by other

patents very frequently and are related R&D based on science. ‘Nominal partners’ fo-

cused on R&D based on science as did ‘Key partners’. ‘Diligent partners’ has the high

TI value, meaning that these firms use external technology more than other groups.
Fig. 3 Current Impact Index (CII) of exclusive and joint patents



Fig. 4 Technological Strength (TS) in Toyota’s alliance portfolio
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Figure 7 shows the relationship between the degree of collaboration and patent quality in

Hyundai’s alliance portfolio. Table 2 shows the properties of the four groups. The patents of

‘Key partners’ are cited very frequently by other patents, and ‘Diligent partners’ cite many

more patents than other groups. ‘Potential partners’ focus on R&D based on science and

use external knowledge more often. ‘Nominal partners’ patents are cited more often by

other patents than for the other groups except ‘Key partners’. ‘Diligent partners’ has a high

value for TI, meaning that these firms use external technology more than other groups.
Typical collaboration patterns

In this section, we perform in-depth analysis of patterns by categorizing an affiliate

portfolio according to the partner and patent quality for both Toyota and Hyundai. We
Fig. 5 Technological Strength (TS) in Hyundai’s alliance portfolio



Fig. 6 Relationship between degree of collaboration and patent quality in Toyota’s alliance portfolio
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then obtain information about the partners using search engines and partner company

web sites. Finally, we determine the characteristics of the partners within an affiliate

portfolio to investigate the impact of the focal firms’ innovation and analyze the

cooperation activities and each company’s activities in the bioplastic industry. Tables 3

and 4 summarize the analysis.

As shown in Table 3, companies belonging to ‘Potential partners’ have a lower degree

of joint research cooperation with Toyota, though have a significant impact on securing

Toyota’s source technology. For example, Mitsubishi has technology to enhance heat

resistance, since this is a disadvantage of PLA, though Toyota’s R&D aims to improve

the physical properties of PLA. In addition, Kanebo is the other partner with an annual

production capability of 500 tons of PLA fiber in Japan’s best PLA textile company.

The representative partners in ‘Key partners’ are Shimadzu and Mitsui. Shimadzu is a

fine chemical manufacturing company, and also an excellent Japanese PLA production

company. Toyota cooperated with Shimadzu steadily from 1994 to 2002, and then

acquired the PLA production plant in 2002, later producing and selling its own PLA to

other companies. The cooperation between Toyota and Shimadzu is a good example

from Lin et al. (2012)’s finding that an alliance for product development is better than

one based on technological cooperation. Mitsui Chemicals that is another partner of

Toyota established a bioplastic production plant with the US chemical company Dow
Table 1 Properties of four groups in Toyota’s alliance portfolio

Group Degree of
collaboration

Patent quality Forward citation Backward citation TI SL

Key Partners 9.36 1.39 49.24 2.33 0.05 1.56

Potential Partners 1.79 1.40 4.95 2.67 0.06 0.19

Nominal Partners 1.77 0.61 1.45 5.02 0.1 1.46

Diligent Partners 5.69 0.38 4.62 6.31 0.2 0.85



Fig. 7 Relationship between degree of collaboration and patent quality in Hyundai’s alliance portfolio
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in Brazil, and cofounded a joint venture with Toyota called bio-Indonesia to sell

Toyota’s bioplastic in Indonesia.

‘Nominal partners’ are characterized by low joint research cooperation to acquire the

simple knowledge where the source technology development level is also low. Unitika

has its own production facilities and produces engineering plastics derived from

biomass, R&D objectives, and other directions from Toyota. Thus, cooperation for

simple knowledge acquisition had the lowest cooperative partnership to improve

Toyota’s patent portfolio quality. Gosen, another typical example, is a company

manufacturing sporting goods in Japan. Recently, the trend of adding a bio-derived

plastic has increased in response to the supply of the PLA from Toyota, as indicated

by the high degree of cooperation. However, Gosen does not engage in R&D related

to bioplastic, so it does not have a significant effect on patent quality.

‘Diligent partners’ have the highest degree of collaboration as a cooperative group

with high joint research cooperation, though this group has low patent quality. In

addition, Hitachi has recently expressed an interest in bioplastic production and has

less expensive bioplastic manufacturing technology than Toyota’s, but has thus not

improved patent quality in cooperation with Toyota. In other words, partners belonging

to ‘Diligent partners’ are either receiving a supply of bioplastic or having bioplastic

manufacturing technology to produce independently of Toyota.

Table 4 shows the properties of Hyundai’s representative partners in four groups.

KRICT (Korea Research Institute of Chemical Technology) is the institution
Table 2 Properties of four groups in Hyundai’s alliance portfolio

Group Degree of
collaboration

Patent quality Forward citation Backward citation TI SL

Key Partners 7.56 1.84 1.28 3.58 0.00 0.16

Potential Partners 2.70 1.11 0.67 3.44 0.14 0.53

Nominal Partners 1.65 0.29 1.09 2.90 0.00 0.13

Diligent Partners 6.01 0.07 0.50 2.68 0.17 0.00



Table 3 Properties of representative Toyota’s partners involved in four groups

Groups Characteristics of alliance
portfolios

Representative Toyota’s partners

Patent
quality

Degree of
collaboration

Potential
partners

HIGH LOW Mitsubishi - Blending PLA with other biodegradable plastics to
improve heat resistance

Kanebo - Japan’s best PLA textile company and acquisition of PLA
processing facilities that can produce 500 tons annually

Key partners HIGH HIGH Mitsui - Establishment of bioplastic plant with US chemical
company Dow in Brazil

- Establishment of “Toyota bio Indonesia”, joint venture
of Toyota and MISUI to sell bioplastic produced by
Toyota

Shimadzu - Toyota took over bioplastic production plant from
Shimadzu in 2002

Nominal
partners

LOW LOW Gosen - Japanese companies (sports equipment manufacturing)
selling fishing supplies and rackets (such as tennis, soft
tennis, and badminton)

Unitika - Commercialization of “Jekoto”, an intensively developed
biomass plastic business. This is a polyamide-based
engineering plastic using a raw material derived from
biomass

- Acquired production capacity of 500 tons annually from
the factory in Uji City in Kyoto prefecture in July 2012 and
completed testing the Jekoto plant

Diligent
partners

LOW HIGH Hitachi - In 2010, developed an epoxy with heat resistant resin
with lignin in the main raw material

- Hitachi recently expressed an interest in the production
of biomass-derived plastic
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representing ‘Potential partners’. KRICT opened the Bio-Chemical Commercialization

Center in 2016, focusing on bioplastic R&D.

GS Caltex represents a ‘Key partners’. The company is developing bio-nylon made

from biomass. This material has very similar mechanical properties as existing

products.

LG belongs to the ‘Nominal partners’, which has a higher number of joint R&D

partners in addition to Hyundai. LG, conducted joint research with KAIST in 2009,
Table 4 Properties of representative Hyundai’s partners involved in four groups

Groups Characteristics of alliance
portfolios

Representative Toyota’s partners

Patent quality Degree of
collaboration

Potential partners HIGH LOW KRICT - In 2016, Bio-Chemical commercialization center
open for production of bioplastic

Key partners HIGH HIGH GS
Caltex

- Development of bio-nylon made from biomass

Nominal partners LOW LOW LG - Joint development of PLA production technology
using bacteria with KAIST in 2009

Diligent partners LOW HIGH Hitachi - Supply environment-friendly fiber (PTT BCF) to
make yarn from corn to produce environmentally
friendly car mats for the “Kia Soul EV”

Desco - Hyundai’s subcontractor
- Inactive R&D in bioplastic
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developed PLA production technology using bacteria. Thus, ‘Nominal partners’ in

Hyundai’s portfolio promote more joint R&D with other partners.

Desco and Hyosung are classified as ‘Diligent partners’ because these partnerships

have a higher level of joint research cooperation. Hyosung offers a fiber created to

make yarn from corn for materials for the KIA “Soul EV”. However, since Desco

does not conduct R&D related to bioplastic, it had no significant effect on patent

quality.
Conclusions
This study analyzed alliance portfolios and identified the four groups in Toyota and

Hyundai’s portfolio.

Toyota conducted bioplastic R&D through cooperation with partners in the early stages.

Toyota did joint R&D for securing original bioplastic technology through collaborations

with partners. As a result, Toyota’s patents are cited 40% more than Hyundai’s.

On the other hand, Hyundai focused on independent R&D, so both exclusive and

joint patents were cited about 20 ~ 40% less than Toyota’s. Thus, Hyundai has secured

less source technology in bioplastic domain through R&D collaboration. The CII of

exclusive patents is 0.6, and that of joint patents is 0.7, so R&D collaborations have a

slight positive effect on the company’s source technology. Therefore, in the long-term

perspectives, when Hyundai collaborates with other partners in bioplastic domain, they

will be in an advantageous position to secure original bioplastic technology.

We categorized four groups according to the degree of collaboration and patent

quality and analyzed the properties of the representative partners in each group.

In case of Toyota, ‘Potential partners’ have the low degree of research collaboration

and enhances patent quality through joint R&D. They are active in bioplastic R&D and

production. ‘Key partners’ collaborate to obtain critical technological knowledge. For

example, Shimadzu conducts continuous joint R&D with Toyota from 1994 to 2002,

and then Toyota acquired its PLA production plant in 2002. Now Toyota becomes a

supplier of PLA to more than 60 companies to date. Partners of ‘Nominal partners’

have a low degree of collaboration and patent quality. These partners have their own

production facilities and actively conduct bioplastic R&D. However, they have a purpose

different from Toyota, and focus on joint R&D with other partners besides Toyota. Lastly,

partners of ‘Diligent partners’ purchase PLA from Toyota or have lower level of

technology than Toyota. They have a high degree of R&D collaboration with Toyota

but they do not affect Toyota’s innovation through R&D collaboration.

In case of Hyundai, most of partners have lower technological skills than Toyota’s

partners and less science-based R&D activity.

These results show the different strategic alliances between Toyota and Hyundai.

Toyota acquired the equipment and the related production techniques in the bioplastic

domain. In addition, Toyota collaborated with other institution with bioplastic production

facilities and obtained diverse knowledge through collaboration with partners focusing on

R&D in PLA rather than for other kinds of bioplastic. Eventually, Toyota produced its

own PLA in multiple companies.

On the other hand, Hyundai focuses on bioplastic production through independent

R&D. As a result, Hyundai has a low degree of concentration in cooperation with
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partners, because they just want to acquire knowledge rather than securing original

technologies.

The bioplastic field requires an integration of biological and chemical technology, so

research in a single discipline makes it difficult to acquire bioplastic source technology.

Though research into bioplastic materials is not currently active, interests in automotive

bioplastic will emerge in the eco-friendly automobile market.

This study’s findings are useful both firms’ managers and policy-makers interested in

innovation in the eco-friendly automotive and materials industries. Companies promoting

innovation must preferentially adopt open innovation strategy. In particular, companies

should maintain a long-term cooperative partnership with a clear goal of technology

acquisition, reduce alliance portfolio management costs and produce positive effects

from a long-term innovation perspective. However companies should have an interest

in absorbing knowledge about various fields through collaborations partners in other

areas to gain the flexibility to react to internal and external environmental changes.

Policy-makers should assist by making it easier to form and develop an innovation

network through changes in the system and companies participating in the bioplastic

industry. Policy-makers can consider developing such systems and offer subsidies to

maintain this cooperation.

However, despite these contributions, this study has several limitations. First, many

researchers use patent data for research, but patent information indicates only the

cross-section of the company’s innovation. Therefore, future studies should introduce

more indexes to measure the potential of a company’s innovation. Second, joint patents

are not the only outcome of joint R&D, and comprise only a very small part of the out-

put from joint R&D activities. Therefore, to measure the results of innovation through

joint R&D activities for a focal company and its partners, future studies should conduct

surveys or interviews targeting experts participating in contract for technical

commercialization or joint R&D.

Acknowledgements
This work was presented at SOItmC & CSCOM 2016 conference was hosted by SOItmC and CSCOM during the period
of May 31th-June 3th, 2016, at San Jose University, California, USA.

Authors’ contributions
All authors read and approved the manuscript.

Competing interest
The authors declare that they have no competing interests.

Received: 8 July 2016 Accepted: 10 October 2016

References

Álvarez-Chávez, C. R., Edwards, S., Moure-Eraso, R., & Geiser, K. (2012). Sustainability of bio-based plastics: general

comparative analysis and recommendations for improvement. J Clean Prod, 23(1), 47–56.
Chang, K.-C., Chen, D.-Z., & Huang, M.-H. (2012). The relationships between the patent performance and corporation

performance. J Informet, 6(1), 131–139.
Chen, G.-Q. (2012). New challenges and opportunities for industrial biotechnology. Microb Cell Fact, 11(1), 1–3.
Chen, Y.-S., & Chen, B.-Y. (2011). Utilizing patent analysis to explore the cooperation competition relationship of the two

LED companies: Nichia and Osram. Tech. Forcasting Soc. Chang., 78(2), 294–302.
Chen, D.-Z., Lin, W.-Y. C., & Huang, M.-H. (2007). Using Essential Patent Index and Essential Technological Strength to

evaluate industrial technological innovation competitiveness. Scientometrics, 71(1), 101–116.
Chiu, Y.-J., & Chen, Y.-W. (2007). Using AHP in patent valuation. Math. Comput. Model., 46, 1054–1062.
Douglas, K N. (2015). International knowledge flows and technologcal advance: the role of migratioin. IZA Journal of

Migration, 4(13), doi:10.1186/s40176-015-0037-8.
Duysters, G., Man, A.-P. D., & Wildeman, L. (1999). A Network Approach to Alliance Management. Eur. Manag. J., 17(2),

182–187.

http://dx.doi.org/10.1186/s40176-015-0037-8


Jeong and Ko Journal of Open Innovation: Technology, Market, and Complexity  (2016) 2:24 Page 15 of 16
Ernst, H. (2003). Patent information for strategic technology management. World Patent Inf., 25, 233–242.
European Bioplastics. (2015). Bioplastic in the automotive market-Clear benefits and strong performance. European

Bioplastics: Fact Sheet. http://www.europeanbioplastics.org/docs.europeanbioplastics.org/2016/publications/fs/EuBP_
fs_automotive.pdf. Accessed 23 Aug 2016.

European Bioplastics. (2016). Bioplastics Facts and Figures. European Bioplastics. http://docs.european-bioplastics.org/
2016/publications/EUBP_facts_and_figures.pdf. Accessed 23 Aug 2016.

Frankort, H. T. W., Hagedoorn, J., & Letteriey, W. (2012). R&D partnership portfolios and the inflow of technological
knowledge. Ind. Corp. Chang., 21(2), 507–537.

Hall, B. H., Jaffe, A., & Trajtenberg, M. (2005). Market value and patent citations. RAND J. Econ., 36(1), 16–38.
Han, J.-G. (2011). Bio-plastic Technology and Market Trends. KOPA Packaging World. http://www.neomcc.com/chtml/

board.php?template=base_1&com_board_basic=file_download&com_board_id=14&com_board_idx=35&com_
board_file_seq=0. Accessed 12 Jul 2014.

Harris, C. (2011). Bioplastic and its Applications in the Automotive Industry. ECOTEK. http://ecotek-us.com/bioplastic-
and-automotive-ecotek-chandlerharris.pdf. Accessed 15 Aug 2014.

Hoffmann, W. H. (2007). Strategies for managing a portfolio of allainces. Strateg. Manag. J., 28, 827–856.
Hsu, D. W. L., & Yuan, B. J. C. (2013). Knowledge creation and diffusion of Taiwan’s universities: Knowledge trajectory

from patent data. Technology Society, 35, 172–181.
Huang, Z., Chen, H., Yip, A., Ng, G., Guo, F., Chen, Z.-K., et al. (2003). Longitudinal patent analysis for nanoscale science

and engineering: Country, institution and technology field. J Nanopart Res, 5, 333–363.
Huang, M.-H., Dong, H.-R., & Chen, D.-Z. (2012). Globalization of collaborative creativity through cross-border patent

activities. J Informet, 6(2), 226–236.
Iles, A., & Martin, A. N. (2013). Expanding bioplastics production: sustainable business innovation in the chemical industry.

J Clean Prod, 45, 38–49.
Jegal, J. (2012). State and Prospects of Bioplastics. KIC News, 15(4), 21–25. https://www.cheric.org/PDF/PIC/PC15/PC15-4-

0021.pdf. Accessed 1 Apr 2014.
Jegal, J., Cho, K. M., & Song, B. K. (2008). Research Trends of Biomass Based Polymeric Materials. Polymer Science and

Technology, 19(4), 307–317. https://www.cheric.org/PDF/PST/PT19/PT19-4-0307.pdf. Accessed 3 Feb 2015.
Kapoor, R., Karvonen, M., Ranaei, S., & Kässi, T. (2015). Patent portfolios of European wind industry: New insights using

citation categories. World Patent Inf., 41, 4–10.
Kim, H.-S., & Choi, S.-Y. (2014). Technological alliance portfolio configuration and firm performance. Rev. Manag. Sci.,

8(4), 541–558.
Kim, J., & Lee, S. (2015). Patent databases for innovation studies: A comparative analysis of USPTO, EPO, JPO and KIPO.

Tech. Forcasting Soc. Chang., 92, 332–345.
Kim, C., & Song, J. (2007). Creating new technology through alliances: An empirical investigation of joint patents.

Technovation, 27(8), 461–470.
Kim, H. S., Choi, S. W., & Kim, G. S. (2012). An Empirical Study on Firm Performance Based on Technological Alliance

Portfolio Size: A Case of the Korean Defense Industry. POSCO Res Institute, 12(2), 111–138.
Kwon, K.-S., Kim, S. H., Park, T.-S., Kim, E. K., & Jang, D. (2015). The impact of graduate students on research productivity in

Korea. Journal of Open Innovation: Technology, Market, and Complexity, 1(21), 1–11. doi:10.1186/s40852-015-0024-6.
Lee, K., & Lee, S. (2013). Patterns of technological innovation and evolution in the energy sector: A patent-based

approach. Energy Policy, 59, 415–432.
Lee, K., Park, I., & Yoon, B. (2016). An Approach for R&D Partner Selection in Alliances between Large Companies, and

Small and Medium Enterprises (SMEs): Application of Bayesian Network and Patent Analysis. Sustainability, 8(2), 117.
Lin, C., Wu, Y.-J., Chang, C., Wang, W., & Lee, C.-Y. (2012). The alliance innovation performance of R&D alliances—the

absorptive capacity perspective. Technovation, 32(5), 282–292.
Lu, H., & Feng, Y. (2009). A measure of authors’ centrality in co-authorship networks based on the distribution of

collaborative relationships. Scientometrics, 81(2), 499–511.
Ma, R., Liu, F., & Sun, Y. (2013). Collaboration partner portfolio along the growth of Chinese firm’s innovation capability:

configuration, evolution and pattern. Int. J. Technol. Manag., 62, 152–176. http://dx.doi.org/10.1504/IJTM.2013.055165.
Ministry of Environment. (2014). Biodegradabl plastics industry oversea expansion strategy. Recycling of Resource.

http://attfile.konetic.or.kr/konetic/xml/THEMA_INFO/%EC%83%9D%EB%B6%84%ED%95%B4%EC%84%B1_
%ED%94%8C%EB%9D%BC%EC%8A%A4%ED%8B%B1_%EC%82%B0%EC%97%85_%ED%95%B4%EC%99%25.
Accessed 25 Jun 2015.

Motohashi, K., & Muramatsu, S. (2012). Examining the university industry collaboration policy in Japan: Patent analysis.
Technol. Soc., 34(2), 149–162.

Narin, F. (1999). Tech-Line® BACKGROUND PAPER. CHI Reserach, Inc. http://citeseerx.ist.psu.edu/viewdoc/download?doi=
10.1.1.23.4124&rep=rep1&type=pdf. Accessed 14 Nov 2015.

Park, N.-H., Kim, D. H., Kim, C.-M., Jeong, E., & Lee, J. W. (2013). The Industry Trend Analysis and Perspectives of
Bioplastics. Biomaterials Research, 17(2), 41–47.

Patra, S. K., & Krishna, V. V. (2015). Globalization of R&D and open innovation: linkages of foreign R&D centers in India.
J Open Innovation, 1(7), 1–24. doi:10.1186/s40852-015-0008-6.

Picard, F. (2012). Open Innovation and Joint Patent Applications: The Case of Greenhouse Gas Capture and Storage
Technologies. J Innovation Econ Management, 2(10), 107–122.

Rudge, T. J., Hobbs, J. E., & Kerr, W. A. (2005). Infant Industries Accessing Global Markets: Strategic Risks and Potential Trade
Barriers in Bioplastics. http://businessperspectives.org/journals_free/im/2005/IM_2005_02_Rudge.pdf. Accessed
27 Jul 2014.

Sung, H.-Y., Wang, C.-C., Huang, M.-H., & Chen, D.-Z. (2015). Measuring science-based science linkage
andnon-science-based linkage of patents throughnon-patent references. J Informet, 9, 488–498.

Theinsathid, P., Chandrachai, A., & Keeratipibul, S. (2009). Managing Bioplastics Business Innovation in Start up Phase.
J Technol Manag Innov, 4(1), 82–93.

http://www.europeanbioplastics.org/docs.europeanbioplastics.org/2016/publications/fs/EuBP_fs_automotive.pdf
http://www.europeanbioplastics.org/docs.europeanbioplastics.org/2016/publications/fs/EuBP_fs_automotive.pdf
http://www.neomcc.com/chtml/board.php?template=base_1&com_board_basic=file_download&com_board_id=14&com_board_idx=35&com_board_file_seq=0
http://www.neomcc.com/chtml/board.php?template=base_1&com_board_basic=file_download&com_board_id=14&com_board_idx=35&com_board_file_seq=0
http://www.neomcc.com/chtml/board.php?template=base_1&com_board_basic=file_download&com_board_id=14&com_board_idx=35&com_board_file_seq=0
http://ecotek-us.com/bioplastic-and-automotive-ecotek-chandlerharris.pdf
http://ecotek-us.com/bioplastic-and-automotive-ecotek-chandlerharris.pdf
https://www.cheric.org/PDF/PIC/PC15/PC15-4-0021.pdf
https://www.cheric.org/PDF/PIC/PC15/PC15-4-0021.pdf
https://www.cheric.org/PDF/PST/PT19/PT19-4-0307.pdf
http://dx.doi.org/10.1186/s40852-015-0024-6
http://attfile.konetic.or.kr/konetic/xml/THEMA_INFO/%EC%83%9D%EB%B6%84%ED%95%B4%EC%84%B1_%ED%94%8C%EB%9D%BC%EC%8A%A4%ED%8B%B1_%EC%82%B0%EC%97%85_%ED%95%B4%EC%99%25
http://attfile.konetic.or.kr/konetic/xml/THEMA_INFO/%EC%83%9D%EB%B6%84%ED%95%B4%EC%84%B1_%ED%94%8C%EB%9D%BC%EC%8A%A4%ED%8B%B1_%EC%82%B0%EC%97%85_%ED%95%B4%EC%99%25
http://dx.doi.org/10.1186/s40852-015-0008-6
http://businessperspectives.org/journals_free/im/2005/IM_2005_02_Rudge.pdf


Jeong and Ko Journal of Open Innovation: Technology, Market, and Complexity  (2016) 2:24 Page 16 of 16
Tseng, F.-M., Hsieh, C.-H., Peng, Y.-N., & Chu, Y.-W. (2011). Using patent data to analyze trends and the technological
strategies of the amorphous silicon thin-film solar cell industry. Technol. Forecast. Soc. Chang., 78(2), 332–345.

Wassmer, U. (2010). Alliance Portfolio: A Review and Research Agenda. J Management, 36(1), 141–171.
Yun, J-H J, Kwon, O-J, Park, J, & Jeong, E-S. (2010). A Study on the Development and Adaption of Open Innovation

Analysis Model. https://www.bioin.or.kr/fileDown.do?seq=12478. Accessed 14 Sept 2014.
Yun, J. J., Jeong, E., & Yang, J. (2015). Open innovation of knowledge cities. J Open Innovation, 1(16), 1–20. doi:10.1186/

s40852-015-0020-x.
Yun, J. J., Won, D., & Park, K. (2016). Dynamics from open innovation to evolutionary change. J Innovation, 2(7), 1–22.

doi:10.1186/s40852-016-0033-0.
Submit your manuscript to a 
journal and benefi t from:

7 Convenient online submission

7 Rigorous peer review

7 Immediate publication on acceptance

7 Open access: articles freely available online

7 High visibility within the fi eld

7 Retaining the copyright to your article

    Submit your next manuscript at 7 springeropen.com

https://www.bioin.or.kr/fileDown.do?seq=12478
http://dx.doi.org/10.1186/s40852-015-0020-x
http://dx.doi.org/10.1186/s40852-015-0020-x
http://dx.doi.org/10.1186/s40852-016-0033-0

	Abstract
	Purpose
	Key literature reviews
	Design/ methodology/ approach
	(Expected) findings/results
	Research limitations/ implications

	Introduction
	Literature review
	Configuration of alliance portfolio
	Bioplastic industry

	Methodology
	Measurements
	Data
	Patent citation analysis indexes

	Results
	Alliance portfolio configuration and properties of partners
	Typical collaboration patterns

	Conclusions
	Acknowledgements
	Authors’ contributions
	Competing interest
	References

