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National technological innovation systems: Taiwan’s biodiesel innovation system
(1997–2015)
Abstract
This study explores the biodiesel innovation system in Taiwan from the perspective of
its established framework called the national technological innovation system (NTIS).
We analyse the evolution of biodiesel in Taiwan, and discover existing blocking
mechanisms in its system through an evaluation of present research as well as the
consistency and appropriateness of technology, development and innovation (RTDI)
policies for the functional dynamics of the system. We suggest that the undoubted
potential of biodiesel in Taiwan could be achieved, provided that (1) the government
maintains the consistency of a set of interrelated RTDI policies over time, and (2)
design these policies comprehensively according to the dynamics of the functional
pattern of biodiesel by NTIS.
Keywords: Taiwan, biodiesel, innovation system, policy
1. Introduction
Bio-diesel is capable of replacing fossil fuels and extensively reducing the emission of
greenhouse gas (GHG). The first generation of biodiesel, currently in widespread
production, is derived from a variety of feed stocks such as used cooking oil, while
second generation biodiesel, only a few of which are close to large-scale
commercialisation, are derived from multiple feed stocks and refining technologies
such as algae (Harvey and Pilgrim 2011).Since the United Nations Framework
Convention on Climate Change (UNFCCC) was signed in 1992 and the Kyoto
Protocol was opened for signature in 1997, governments all over the world have
encouraged the production and innovation of biodiesel as a solution to reduce GHG
emissions. Until now, however, the global production of biodiesel has really been
concentrated in specific countries of particular regions. In 2014, 27 European
countries manufactured around 40% of the world’s biodiesel supply while
approximately 30% was produced by the USA, Brazil and Argentina in North and
South America. However, in East Asia, China manufactured about 0.8% of the
world’s production of biodiesel. While other East Asian countries, that have also
launched biodiesel policies, are presently not among the top global producers (as
shown in Table 1)(REN 21 Steering Committee 2014).
Taiwan is one of the few East Asian countries that have launched policies to
encourage the production and innovation of biodiesel to reduce GHG emissions in

response to the Kyoto Protocol. In fact, policy support for biodiesel in Taiwan only
emerged after the opening of signature for the Kyoto Protocol in 1997. From 1998 to
2014, the Taiwanese government held three National Energy Conferences in tandem
with the progress of the Kyoto Protocol (as shown in Figure 1). These conferences
provided general policy guidance for establishing an innovation system for biodiesel
and led to the promotion of more concrete policies, including those for R&D and
regulations, to accelerate industry development. Yet, Taiwan’s biodiesel production
only hit a maximum of 96,234 kl in 2013,a long way from the levels of the top
biodiesel producers globally. And since 2014, Taiwan’s biodiesel innovation system
has struggled to grow despite continued governmental policy support (as shown in
Table 2).
Taiwan’s experience indeed raises both empirical and theoretical issues that are
worthy of further exploration. Empirically, Taiwan’s biodiesel policies were originally
prompted by the Kyoto Protocol and subsequently led to the emergence of the
country’s biodiesel innovation system. However, Taiwan’s biodiesel innovation has
needed the continued support of these governmental policies. The contrasting
influence of governmental policies on the ups and downs of Taiwan’s biodiesel
industry can provide important lessons for biodiesel policy implementation in other
countries. However, it is difficult to theoretically explain Taiwan’s empirical
experience using existing literature, which seldom discusses the international
dimensions of national policies. These dimensions, also recognised as international
factors in this study, include international political and economic events as well as
treaties (such as the Kyoto Protocol), norms (like technical standards) and diverse
inter-governmental organisations (Gallagher 2012). In fact, the approaches of
innovation systems tend to focus on the influence of national research, technology,
development and innovation (RTDI) policies on the evolution of innovation systems
within national borders. Nevertheless, nations are a part of the international arena and
thus, international factors would frequently motivate national governments to promote
particular RTDI policies as a response to them. The process through which
international factors influence national RTDI policies—that, in turn, further shapes the
dynamics of innovation systems within national borders—remains unknown.
To fulfil the theoretical gap and intensively explore the empirical development of
biodiesel in Taiwan, this study aims to make an original linkage between three
variables—international factors, governmental RTDI policies and innovation system
development—within national borders (See Figure 2). Guided by this theme, we
examine three research questions: (1) How could international factors shape national

RTDI policies?(2) How should governments respond properly to international factors?
and (3) How does a government’s response further influence the evolution of
innovation systems within national borders?
This study is structured as follows. Section 2 establishes the analytical framework
while Section 3 details the methodology. Section 4 provides the results and Section 5
discusses the consistency and appropriateness of Taiwanese biodiesel policies. This is
followed by the conclusion in Section 6.
Table 1 Bio-fuels global production (Top 16 countries and EU-27), 2013

Source: REN 21 Steering Committee 2014

Figure 1 The progress of Kyoto Protocol
and the government response

Table 2 The domestic production of
bio-diesel in Taiwan (2005-2015
Year

Source: Shyu, 2014

Production (kL)

2005

679

2006

1876

2007

3717

2008

19,088

2009

31,620

2010

43,774

2011

56,939

2012

82,872

2013

96,234

2014

42,590

2015 (Jan-May)
Source: Shyu 2014

0

Source: Bureau of Energy, 2015

Figure 2 The theme of the article
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2. Analytical framework
This study establishes a new analytical framework, called the national technology
innovation system (NTIS), to analyse Taiwan’s empirical experience. This framework
integrates the contributions of both the national innovation system (NIS) and the
technology innovation system (TIS). While NIS recognises an innovation system
according to the geographical boundary of a nation (Freeman 1987; Nelson and
Rosenberg 1993), TIS examines an innovation system from the perspective of a
knowledge field developed globally (Carlsson et al. 2002). The intersection of a
national and a technological innovation system is defined as a NTIS (as shown in
Figure 3).The NTIS following Jacobson (2008) comprises three elements: actors,
networks and institutions. The actors include individuals and organisations, such as
firms and universities. These actors within the networks would interact with each
other to generate, diffuse and utilise the technology. Their interactions are deeply
shaped by national institutions, whether formal (i.e. regulations and laws) or informal

(i.e. culture and routines). In fact, as described by Bergek et al. (2008), governmental
RTDI policies as a special form of national institution, influence the dynamics and
performance of the TIS within a nation, thus giving rise to the NTIS. Since the NTIS
is the intersection of a national and a technological innovation system, international
factors that influence TIS dynamics in a global context will also affect the
development of the domestic NTIS. Thus, international factors would frequently
motivate national governments to promote particular RTDI policies as a response to
them. Howa government responds to these international factors, i.e. through the
promotion of specific RTDI policies will have further impact on the dynamics of the
domestic NTIS. Thus, the NTIS framework would been riched by related research on
the effects of international factors and the analysis of RTDI policies.
Figure 3 The analytical framework
G

N

I

I
F

G

I
F
P

RTDI
C

T
I
S

N

F

D

G

Gee and McMeekin (2011) made one of the first attempts to analyse the effects of
international factors on national RTDI policies. The two authors described how
distinctive governmental responses to international factors would eventually shape the
divergent technological trajectories of innovation systems in different countries.
Studying the bio-ethanol industries in the United States and Brazil, the authors
investigated the impact of three international factors: two energy crises in the 1970s
(the Arab Oil Embargo in 1973 and the OPEC Oil Crisis in 1979) and the threat of
climate change addressed by the Kyoto Protocol in the 2000s. Both the US and
Brazilian governments responded differently to each of the three international factors
and this ultimately led to the evolution of bio-ethanol industries that were very
different in each country. The distinctive responses of each government as described

by Gee and McMeekin (2011) were driven by the particular institutional arrangements
of each country’s political system and technological competences. Such distinctive
policy responses would then lead to specific policy objectives and instruments that
would have a significant impact on the direction and momentum of the system
evolutionin each country. Nevertheless, the authors only considered the sequence of
international factors and each government’s distinctive responses; they did not
formulate substantial policy guidance to aid government officials in deciding on the
appropriate RTDI policies as suitable responses to international factors.
Other analyses of RTDI policies provide rich insights, with consistency and
appropriateness recognised as the two main guidelines for setting governmental
policies. Indeed, governments should maintain consistency in their RTDI policies over
time, to maximise public support for the innovation systems.
According to Chung (2013), consistency can be examined from two aspects. First, the
objectives and instruments of the set of interrelated policies should not be
contradictory, but ideally should complement each other and offer no paradoxical
incentives to feed the dynamic development of the innovation system. And second,
the direction for the implementation of each policy should be complementary to its
objectives. Moreover, RTDI policies should be appropriate in that they match the
system’s functional dynamics. The functions of an innovation system as expressed by
Jacobson and Johnson (2000) are the contributions of a component or a set of
components to the system’s performance. Such a functional pattern is unique
compared to those of other systems, and evolves over time (Bergek et al 2008). In fact,
there are seven key functions of an innovation system as identified by Hekkert et al
(2007), i.e. Entrepreneurship Activities (Function 1), Knowledge Development
(Function 2), Knowledge Diffusion (Function 3), Guidance of Search (Function 4),
Market Formulation (Function 5), Resource Mobilisation (Function 6), and
Legitimation (Function 7). Table 3 provides the definitions of each of these functions.
Based on the literature above, we adopt the NTIS framework for analysing Taiwan’s
biodiesel innovation system. The analytical framework as exhibited in Figure
3assumes that international factors will influence governments to promote particular
RTDI policies as a response to them.
To respond properly to international factors, governments should maintain the
consistency of their RTDI policies while at the same time implement these policies to
appropriately match the functional pattern of the NTIS. In this way, the RTDI policies

could play a positive role in supporting the NTIS’s functional dynamics. Since there
has been little discussion among existing literature (such as Huang and Wu 2008) on
Taiwan’s experience in developing its biodiesel industry, we have chosen it for an
in-depth empirical study.
Table 3 Definitions of functions
System Functions

Definition

Function 1: Entrepreneurship

The presence of active entrepreneurs is a prime indication of the performance of the innovation

Activities

system. The entrepreneurs’ risky experiments are necessary to cope with uncertainties for new
combinations of technological knowledge and applications and markets. Entrepreneurs can either be
new entrants or incumbent companies.

Function 2: Knowledge Development

Mechanisms of learning are at the heart of innovation process. The activities of research and
development and knowledge accumulation are prerequisites within the innovation system.

Function 3: Knowledge Diffusion

The essential function of networks is the exchange of information. Network activity could be regarded
as precondition to ‘learning by interacting’.

Function 4: Guidance of Search

Guidance of the search refers to the activities within the innovation system which can positively affect
the visibility and clarity of specific wants among technology users. When various technology options
co-exist, specific foci are chosen for further investment. The process of selection is not simply a matter
of market or government, but an interactive process of exchanging ideas between different actors.

Function 5: Market Formulation

New technology often has difficulty to compete with embedded technologies. Thus it is important to
create protected space for new technologies. The protected space could by established by the
formulation of temporary niche markets, the creation of competitive advantage by favorable tax
regimes and minimum consumption quotes.

Function 6: Resource Mobilization

Resources, both financial and human capitals, are necessary as a basic input to all activities within the
innovation system. The resources could be made available by industry or government.

Function 7: Legitimation

The advocacy coalition can function as a catalyst to create legitimacy for new technology trajectory.
Legitimation refers to social acceptance and compliance with relevant institutions. The actors’
response to policies, agreement or opposition, are revealed through lobbying activities or the
compliance with the policy implementation. Such responding activities could be practiced by
particular interest groups or individual actors.

Sources: Hekkert et al (2007)

3. Methodology
Data for this study is collected through two rounds. The first is through a historical
event analysis, while the second round uses in-depth expert interviews. Each round of
data collection is introduced below.
In the first round, the historical event analysis is conducted through desk research.
This method, established by Negro et al. (2008),is adopted to map the historical
background of the interplay between the Kyoto Protocol (the international factor) and
Taiwan’s biodiesel policies, their contents as well as the structure and functioning of
its biodiesel innovation system. The main events researched are the activities
revealing the functional pattern of the biodiesel NTIS in Taiwan (as shown in Table 4),
with the information sourced from written documents including newspapers, journals,
government reports and websites.

In the second round of data collection, we conduct in-depth expert interviews to seek
information which are not found in written documents. Since this study also aims to
understand the consistency and appropriateness of policy implementation, we select
interviewees who could reveal the actual conditions of policy implementation as well
as the stakeholders’ attitudes towards the implemented policies. We interviewed 13
experts who have been deeply involved in the innovation and production of biodiesel
in Taiwan. They comprise five government officials, six industrial experts and two
academics. We use semi-structured questionnaires for each interview and adjust
supplementary questions according to each interviewee’s character and role, to gain
additional research value from each interview.
4. Results
The biodiesel industry in Taiwan emerged after 1997, but has faced interruptions since
mid-2014. In this section, we divide the development of the Taiwanese biodiesel
industry into three phases: emergence and initial expansion (1998–2008), continued
expansion (2009–2013) and industry stagnation (2014–2015). Table 5 contains a
summary of the relevant government policies, to provide a better understanding of
their contents, i.e. policy objectives and instruments.
4.1 First Phase: Emergence and initial expansion (1998–2008)
The preliminary biodiesel policy guidance was initially revealed at Taiwan’s First and
Second National Energy Conferences held in response to the Kyoto Protocol. The
First National Energy Conference was convened in 1998after the signing of the Kyoto
Protocol in 1997. It concluded that by 2020, Taiwan’s CO2 emissions should be
reduced to 2000 levels, and that new renewable energy should account for 1%–3% of
the country’s total energy consumption (Bureau of Energy 2009). To reduce CO2
emissions, the government also directed the Ministry of Economic Affairs and the
National Science Council to fund research projects that would systematically evaluate
the potential of the mass production of first generation biodiesel made from used
cooking oil (F2, F6) (MOEA 1999; NSC 1999).Subsequently in 2005, the Second
National Energy Conference was convened when the Kyoto Protocol came into effect.
The target of reducing CO2 emissions was decreased; since the government conceded
that it was difficult to reduce CO2 to 2000 levels by the year 2020, it established a
new schedule stating that from 2005 to 2025, the average growth rate of CO2 could be
as much as 1.5% and that it be reduced to 1%, the same level as OECD countries,

only after 2025 (Bureau of Energy 2005, 86, 90). Even though this schedule was
considered to be a slight concession for the reduction of CO2 emissions, Taiwan still
maintained its vision of low carbon and sustainable development (F4). Concrete R&D
and regulatory policies were launched to support the new emergence of biodiesel, in
accordance with the policy guidance revealed in the two National Energy Conferences.
The government also reaffirmed that its policies would continue to support the
development of first generation biodiesel made with used cooking oil as a measure to
reduce CO2 emissions.
R&D policies were promoted before the regulatory ones. Indeed, since 2000, the
Ministry of Economic Affairs through the Technology Development Program, has
allocated research funding to the Industry Technology Research Institute (ITRI), a
public research institute under the Ministry, to support the process innovation of
biodiesel (F6). ITRI refined biodiesel with used cooking oil and successfully
constructed the first trial biodiesel refinery factory in 2004, which was able to produce
3,000 tonnes per year (F2) (NSC 2013). The implementation of ITRI’s Technology
Development Program was positively received by private small and medium
enterprises (SMEs) (F7). ITRI’s innovation was initially transferred to Taiwan NJC
Corporation, the country’s first biodiesel company, in 2004 (F1, F3). The company, a
joint venture between the domestic NICE Group and New Japan Chemical
Corporation (F6), established the first formal biodiesel refinery factory in Taiwan
through technology transfer from ITRI (TNJC 2014). Hereafter, several newly set-up
SMEs also transferred the same process innovation from ITRI to establish new
factories (F1, F3). Several established chemical oil companies, such as Chant Oil
Corporation, also expanded their business and invested in the recycling service of
used cooking oil with partial support from the Technology Development Program
(Chant Oil 2014),to provide raw materials for the refinery factories (F1, F6). In 2007,
in cooperation with the Ministry of Economic Affairs, the Environmental Protection
Administration also established a system to recycle used cooking oil (Environmental
Protection Administration Waste Management Office 2013). Consequently, the public
system and private companies were able to recycle 100,000 tonnes of used cooking oil
annually, which could maximise the blending ratio between biodiesel and oil to turn
them into B2 oil1. In reality, the refinery factories utilised the recycled used cooking
oil to produce B100 oil, which was purchased by the public oil company, China Petrol
Corporation. The Corporation, which (F7) had been investing in the biodiesel
business since 2007 in support of the Ministry of Economic Affairs (F6), blended the
B100 oil to turn it into B1 oil and delivered this to its own petrol stations (Chen et al.
B

2008).
China Petrol Corporation also invested in genetic modification to improve the genes
of non-edible energy crops, such as Jatrophacurcas and microalgae (F6). To accelerate
the accumulation of related knowledge (F2), they cooperated with universities to
develop second generation biodiesel from the beginning (F3). For example, the
Corporation has collaborated with National Kaohsiung Marine University since 2007
to evaluate the possibility of feeding Cyanobacteria in Taiwan’s west seashore
(Editorial Office 2007).
The regulation of the blending ratio between biodiesel and oil was formally launched
in 2008 when the domestic biodiesel production system was established. In the same
year, the Ministry of Economic Affairs implemented new clauses of the Act,
compelling all domestic vehicles to be refuelled with B1 oil (Bureau of Energy 2014).
This regulation, in fact, formulated a stable market for the biodiesel industry (F5).
4.2 Second Phase: Continued expansion (2009–2013)
The policy guidance revealed at the Third National Energy Conference continued to
guide the growth of biodiesel in Taiwan (F4). In 2009, the Third Conference was held
to follow-up on the progress of the Copenhagen Accord in the same year. Following
the Conference, the government once again adjusted the emissions target, this time to
reduce emissions of CO2 to 2008 levels between 2016 and 2020, and to achieve 2000
levels only by 2025. The government, once again, reaffirmed its vision to reduce CO2
emissions and ensure sustainable development. Moreover, to fulfil this vision, the
government further encouraged the innovation of second generation biodiesel made
with algae (Bureau of Energy 2009).Guided by the policy announcement, substantial
regulatory and R&D policies were simultaneously implemented to support the steady
expansion of the biodiesel industry.
The Act was amended with new clauses in 2009 and on this basis, the Ministry of
Economic Affairs forced all domestic vehicles to refuel with B2 oil in 2010 (Bureau
of Energy 2014). Such a regulation was expected to increase the domestic market for
the biodiesel industry. However, in 2011, a group of biodiesel SMEs complained to
the Legislative Yuan that China Petrol Corporation did not have the rights to purchase
domestic biodiesel among its highest priorities. Only 35%–45% of China Petrol
Corporation’s biodiesel was acquired from domestic SMEs, while the
remaining55%–65% were low-priced imports from the United States that had been

generously subsidised by the US government to promote renewable energy. In other
words, a significant part of the domestic market was enlarged for imports (-F5). The
SMEs that could not supply biodiesel to the China Petrol Corporation filed for
bankruptcy and by 2011, only five out of 11 SMEs remained in the biodiesel industry
(-F1). From the SMEs’ perspective, the competition with imports was unfair (Ho and
Low 2011), and their lobbying prompted positive response from the Ministry of
Economic Affairs and the China Petrol Corporation (F7). Until 2013, 96% of the
biodiesel used in Taiwan was domestically produced (Bureau of Energy 2014). With
the domestic market for biodiesel enlarged by the regulation of B2 oil, private SMEs
were able to remain in the biodiesel industry, which rapidly increased domestic
production to almost 70%from 2011 to 2013 (F1). The Ministry of Economic Affairs
also put forth plans to launch a new regulation on the use of B5 oil in 2016, expecting
to further increase the domestic market for biodiesel (F5) (Chen 2011).
Also during this period, the R&D policy on the ‘National Energy Program’ (now
known as the National Program) was promoted to fund universities conducting
research on second generation algal biodiesel (F6). The universities (F7) have
responded positively to this move by the National Program to support them in the
accumulation of knowledge on algal biodiesel (F2). As an example, the National
Yang-Ming University received National Program funding and successfully simulated
the genetic modification of blue-green algae that would release more carbonic
anhydrase and thus absorb more CO2 (NYMU 2012).
The simultaneous implementation regulatory and R&D policies was greatly supported
by China Petrol Corporation (F7), which launched new investments with expectations
that the biodiesel market would be enlarged. In 2009, the Cooperation signed a
memorandum of understanding (MOU) with the Indonesian government on plans to
cultivate Jatrophacurcas in Indonesia on a large scale (Tang 2009). Although the
MOU was eventually not put to practice due to a disagreement with the Indonesian
government, the Cooperation continued investing in new research projects such as the
genetic modification of algae and the technologies of interesterification (F2) (Wu
2012). The results of these projects were expected to contribute to the innovation and
production of second generation biodiesel.
4.3 Third Phase: Industry stagnation (2014–2015)
The conclusion of the Third National Energy Conference continued to guide the
promotion of regulatory and R&D policies after 2014. Yet the actual implementation

of these policies was not successful; while the National Program was executed
according to its original plan, the regulation of the Act was suspended. There was in
fact no consistency in the implementation of the two types of policies.
The 2010 regulation of the Act’s new clauses compelling all vehicles to refuel with B2
oil was abruptly terminated in mid-2014, after complaints from several tour bus
enterprises that their buses using with B2 oil would occasionally stall and potentially
cause traffic accidents (-F7). The Ministry of Economic Affairs went on to mandate
that all petrol stations should provide pure diesel, thus obliterating the market for
biodiesel, which in turn had an impact on the development of its industry (-F5)
(Tang2014). The Ministry of Economic Affairs issued directives for existing stocks of
biodiesel already produced by SMEs to be supplied to China Petrol Corporation,
which would convert them into low-priced fuel oil. Nevertheless, since fuel oil was
similarly priced to biodiesel, the Corporation no longer had any incentive to purchase
biodiesel from the SMEs, which eventually exported their stock of used cooking
oil—used as the raw material for biodiesel—to Europe. Shortly after, Taiwan totally
ceased to produce biodiesel (-F1) (Huang 2014).
The R&D policy on the National Program continued to be implemented to encourage
the innovation of second generation algal biodiesel, even though the regulation of the
Act was suspended. In fact, since 2014 the National Program has involved more
companies in its research projects and encouraged them to transfer more second
generation biodiesel technologies from universities (F2, F3) (MOST 2015). Yet, since
there was no longer a market for biodiesel in Taiwan, it was quite difficult to persuade
public and private companies to transfer the knowledge of second generation
biodiesel for further innovation and production (Hsu 2014).
5. Discussion
This section discusses the consistency and appropriateness of Taiwan’s biodiesel
policies. As mentioned above, Taiwan has not been able to maintain the consistency of
its regulatory and R&D policies for biodiesel, which in turn have not been very
appropriate for the growth of its biodiesel innovation system. We discuss these issues
further in the following paragraphs, keeping in mind the definitions of consistency
and appropriateness noted in Section 2 of this study.

The consistency of Taiwan’s regulatory and R&D policies for biodiesel was

maintained during the First (1998–2008) and Second Phases (2009–2013) of its
industry’s development; however, it was not maintained in the Third Phase
(2014–2015). In the First Phase, the policies’ objectives and implementation were
both consistent. The objectives of the regulatory policy contained in the Act—to
promote ‘sound development of the oil industry’ and ‘at the same time give equal
consideration to environmental protection’—were not contradictory to the R&D
policy of the Technology Development Program, whose objectives included the
intention to ‘initiate R&D innovation’ and to ‘break ground on industrial technology
development’. In fact, in response to the Kyoto Protocol, both the regulatory and
R&D policies tended to promote biodiesel as the industry that would supply
innovative renewable energy to the country and help it reduce GHG emissions. The
two kinds of policies were also consistently implemented. The R&D policy was
initially implemented to establish the supply chain for biodiesel, and only until the
establishment of the domestic supply chain, while the regulatory policy guided the
distribution of biodiesel in the domestic market. Moreover, in the Second Phase the
objectives and implementation of the regulatory and R&D policies were also
consistent. The objectives of the regulatory policy contained in the Act were
complementary to the R&D policy on the National Program that aimed to achieve
‘security, efficiency and cleanliness of energy’. Both types of policies were intended
to develop the biodiesel industry to supply the country with renewable energy, and
were promoted together. However, by the Third Phase, there was a contradictory
implementation of the regulatory and R&D policies. The regulatory policy of the Act
was terminated and this squeezed the domestic biodiesel market, while the National
Program was still funding the innovation of second generation biodiesel and
encouraging companies to transfer such technologies. Given that companies
subsequently lost interest in the innovation and production of biodiesel, it is difficult
to say that both the Act and the National Program have successfully supported the
development of Taiwan’s biodiesel industry, to help reduce its GHG emissions in
response to the Kyoto Protocol.
The set of interrelated biodiesel policies—regulatory and R&D—were only
appropriate in the First and Second Phases and not in the Third Phase. In the First
Phase, the policy guidance which was revealed at the First and Second National
Energy Conferences guided the search for biodiesel (F4). The R&D policy of the
Technology Development Program mobilised resources (F6) to encourage knowledge
development (F2) and technology transfer (F3) from the ITRI to private SMEs, and
the regulatory policy of the Act formulated the market for B1 oil (F5). Such
implementation of the policies was legitimised by companies (F7), while private

SMEs were newly setup (F1). Both private SMEs and a public company, China Petrol
Corporation, initiated new investments into the production and distribution of
biodiesel (F6). The policies continued to be appropriate in the Second Phase of the
industry’s development. The Third National Energy Conference continued guiding the
search for biodiesel (F4). The regulatory policy of the Act expanded the formulated
market for B2 oil (F5), and the R&D policy of the National Program mobilised
resources (F6) to encourage the knowledge development (F2) of algal biodiesel in
universities. The implementation of the two types of policies was legitimised by
universities and companies (F7). The private SMEs remained in the industry,
expanding their production of biodiesel, while the China Petrol Corporation initiated
new investments in research projects related to second generation biodiesel (F1, F6).
Nevertheless, the appropriateness of such policies was dramatically reduced in the
Third Phase. The regulatory policy of the Act that once expanded the market forB2 oil
was terminated, and therefore eliminated the formulated market (-F5). Even though
the National Program continued mobilising resources (F6) to encourage universities to
develop knowledge of algal biodiesel (F2) and persuade companies to transfer
technologies from the universities (F3), the National Program alone could not
stimulate companies to develop second generation algal biodiesel. As a result, both
types of policies were not very appropriate for the biodiesel innovation system.
In sum, the Taiwanese government promoted a set of RTDI policies to develop
biodiesel as a response to the Kyoto Protocol. However, the consistency of these
policies was only maintained in the First and Second Phases of the development of its
biodiesel industry, and the policies were sufficiently appropriate for the emergence
and continued expansion of the biodiesel innovation system. However, in the Third
Phase, the originally consistent policies were not implemented in a complementary
direction, and they eventually were very limited in their appropriateness and even
caused the industry’s stagnation.
In fact, Taiwan’s empirical experience in the development of its biodiesel industry
draws some theoretical insights for the analysis of RTDI policies. Following the
sequence of research questions noted in Section 1, in this section we refer to three
policy implications that could contribute towards the development of RTDI policies
for renewable energy industries.
First, international factors could actually motivate the promotion of national RTDI
policies. We noted in Section 1 that the international dimensions of national policies
have seldom been discussed by existing literature on innovation systems. Through

exploring Taiwan’s experience in developing its biodiesel industry, however, we find
that the direction and principle of international factors will shape the objectives of
national RTDI policies which play a functional role in guiding the search for
technological trajectories of the NTIS. For instance, even if a country is not a
signatory of a particular international treaty, it is still governed by the treaty. In other
words, the international treaty would play a role in guiding the search that eventually
shapes the functional dynamics of technology innovation systems in countries across
the world.
Second, the government should properly respond to the international factors with
consistent RTDI policies that appropriately match the functional dynamics of the
NTIS. We review Gee and McMeekin (2011)’s study in Section 2 and find that it has
not provided concrete policy guidance for governments to promote their policies as a
suitable response to international factors. Thus, in this study, we offer substantial
policy guidance in that governments should maintain the consistency of a set of
interrelated RTDI policies that match the functional patterns of the NTIS. However,
since different NTIS possess unique functions, each of them should be supported by
different sets of RTDI policies. Policies that are replicated from another NTIS in the
country or from other countries would not be effective. In practice, different NTIS in
the field of renewable energy should be supported by different RTDI policies. A
policy copied from a particular NTIS of renewable energy will not match the
functional dynamics of another. For example, the policies that are effective for the
innovation of solar energy will not fit the development of bio-energy.
Finally, government RTDI policies that could be motivated by international factors
influence the performance of the NTIS. As we have shown with Taiwan’s example,
government policies were able to initiate the emergence—but also cause the
stagnation—of a new renewable energy industry. The positive and negative effects of
the policies on the NTIS change over time. Therefore, governments should take note
of changing dynamics of the NTIS and maintain the consistency of their policies over
time.
6. Conclusion
This study has both theoretical and empirical contributions. Theoretically, this study
establishes a new integrated framework intended to explore how international factors
could influence national RTDI policies, which, in turn, would further shape the
dynamics of the NTIS within national borders. Empirically, this study analyses the

biodiesel industry in Taiwan, which has received little attention from the academic
community till date.
However, this study also has two limitations. First, we only apply the framework of
the NTIS to the empirical example of the Taiwanese biodiesel industry. More
empirical examples are needed to further explore the analytical framework. Second,
we only adopt a qualitative method in our study. More scholars, applying divergent
methodologies, are needed to achieve an in-depth analysis of the NTIS framework.
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