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RELATED TECHNOLOGIES: AN ANALYSIS USING PATENT DATA
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Abstract

Japanese firms as well as its central and local governments are active to market their
environment-related technologies to Asia. However, there seems to be the gap between
the technological advantage and the international competitiveness of Japanese
environment-related technologies. This study aims to explore the methodology for
measuring the technological advantage and the international competitiveness of
Japanese environment-related technologies and then actually measure them utilizing the
rich patent data available. Firstly, the technological advantage of Japanese environment-
related technologies is measured using the data on domestic patent applications. The
data show that the number of Japanese domestic patent applications in an environment
area is the second largest among major economies after China. Secondly, the
international competitiveness of Japanese environment-related technologies is measured
using the data on international patent applications. The data show that Japan has the
higher international competitiveness in the fields of energy efficiency in buildings and
lighting, emissions abatement and fuel efficiency in transportation, and the technologies
with potential or indirect contribution to emissions mitigation such as hydrogen
production and fuel cells. In contrast, Japan has the lower international competitiveness
in the fields of technologies specific to climate change mitigation such as CO, capture
and storage, combustion technologies, and energy generation from renewable and non-
fossil sources. Japanese international competitiveness in the field of general
environment management is somewhere between the former and the latter.

Keywords

Environment-related technologies, international competitiveness, international patent
applications, Japan, marketing advantage, patent data, technological advantage

1. Introduction

In Asia where industrialization and urbanization are in progress, there is no doubt

that environment-related technologies play a crucial role for its sustainable
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development’. Responding to its needs, Japanese firms as well as its central and local
governments are active to market their environment-related technologies to Asia.
However, there seems the gap between the technological advantage and the
international competitiveness of Japanese environment-related technologies. It is
generally acknowledged inside and outside Japan that Japanese technologies are
advanced. This common view is particularly referred to its manufacturing industry
including automobiles, electronics and etc. It has been built up over many decades,
which has led to the international competitiveness of Japanese manufacturing industry.
On the other hand, it seems that Japanese environment-related industry (though being
considered to belong to a category of a manufacturing industry) has not established such
a solid international competitiveness yet?. Pollution abatement technologies have been
advanced owing to Japanese tremendous efforts to overcome serious air and water
pollution which Japan faced during its high economic growth period of 1950s and 1960s.
Energy-saving and recycling technologies have also been advanced responding to
external “oil shocks” in the 1970s. However, for example, renewable-energy related
technologies are relatively new and its research and development are in progress.
Japanese environment-related technologies must have the technological advantage
overall, but may not have gained the international competitiveness yet like what
Japanese manufacturing industry did once. A possible reason behind the gap between
the technological advantage and the international competitiveness of Japanese
environment-related technologies might be its marketing disadvantage, for example in
marketing strategies, human resources, communication, and patenting (to protect the
technologies in foreign countries). The purpose of this study is to explore the

methodology for measuring the technological advantage and the international

! Environment-related technologies referred to in this paper is intangible, thus being
different from tangible products such as environment-related equipment, machines and
etc. to be produced using those technologies. Furthermore, the OECD -categorizes
environment-related technologies as one of new technologies. Other new technologies
are ICT, nanotechnology, biotechnology, nuclear energy and fuel cells (OECD, 2008,
pp.14-23).

2 Though Japan Standardized Industrial Classification has no category named
‘environment-related industry,” a wide range of what is generally called ‘environment-
related equipment’ is included in a category of a manufacturing industry.
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competitiveness of Japanese environment-related technologies for identifying such a
gap and then actually measure them utilizing the rich patent data available. Firstly, the
technological advantage of Japanese environment-related technologies is measured
using the data on domestic patent applications. Secondly, the international
competitiveness of Japanese environment-related technologies is measured using the
data on international patent applications. In this study ‘international competitiveness’ of
technologies is defined as a result of technological advantage and marketing advantage.

Section 2 discusses the conceptual framework on the gap between technological
advantage and international competitiveness and also why an analysis of patent data is
appropriate  to measure the technological advantage and the international
competitiveness of Japanese environment-related technologies. Section 3 discusses the
patent data used in this study, particularly the OECD patent databases of international
patent applications filed under the Patent Cooperation Treaty (PCT)*. Section 4
discusses the development of environment-related technologies in the world. Section 5
measures the technological advantage of Japanese environment-related technologies
using the data on domestic patent applications. Then, Section 6 measures the
international competitiveness of Japanese environment-related technologies using the
data on international patent applications. Finally, Section 7 concludes summarizing the
study findings. Though there is not a uniform definition of environment-related
technologies, this study uses the OECD’s categorization for the fields of environment-
related technologies.

2. Methodology

2-1. Conceptual Framework on International Competitiveness

® The Patent Cooperation Treaty (PCT) is a treaty of an international patent law
concluded in 1970. Under the PCT, a single application is enough instead of filing
applications in each of the countries where applicants want their technologies to be
protected. This unified application procedure makes filing international applications
much easier. As of August 2013, there are 148 contracting states to the PCT (not
including Taiwan) (Japan Patent Office: https://www.jpo.go.jp/tetuzukit_tokkyo/
kokusai/kokusai2.htm). The PCT is managed by the World Intellectual Property
Organization (WIPO) (OECD, 2009).
3
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The meaning of the term, ‘international competitiveness,” is sometimes ambiguous.
What does the international competitiveness of technologies imply? Does it simply
imply their technological advantage or their share in the market? This study defines the
international competitiveness of technologies (for example, environment-related
technologies) as a result of their technological advantage and marketing advantage in
marketing strategies, human resources, networking, communication skills, patenting (to
protect the technologies in foreign countries) and etc. as shown in a box below.
Therefore, even if the technologies owned by a specific country or firm have the
technological advantage, they might not be internationally competitive when they do not

have the marketing advantage and vice versa.

International competitiveness =
Technological advantage + Marketing advantage

2-2. How to Measure Technological Advantage and International Competitiveness

As discussed in detail below, technological advantage can be quantitatively
measured by the number of patents while international competitiveness can be
quantitatively measured by the volume of exports and foreign direct investment (FDI) or
alternatively by the number of international patents. In contrast, it is difficult to measure
marketing advantage quantitatively.

There are several studies which investigated the technological strength of the
countries’ environment-related technologies. For example, Marinova and McAleer
(2003) compared the technological strength of environment-related technologies for
twelve industrialized countries in the USA using several technological strength
indicators based on patent data available from the US Patent and Trademark Office
during 1975-2000. They empirically demonstrated that three countries, namely
Germany, Canada and Japan have the technological strength in environment-related
technologies. Marinova (2008) also conducted a similar study for Asian countries,
namely China, India, Japan, Russia, South Korea and Taiwan, to compare their
patenting activities in the USA particularly in the area of renewable energy using the
patent data during 1975-2007 and found that Japan is not dominant among these six
countries whereas Russia and India are active in patenting activities in the area of
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renewable energy. These studies proved the specific countries’ technological strength in
the USA based on their patenting activities which are reflected in the patent data.
However, it is not certain whether their results are also applied to the cases in other
countries or regions besides the USA. Furthermore, it is not certain whether their results
fully reflect the technological strength of the selected countries since patenting is made
to protect the technologies in foreign countries where international businesses (trade,
foreign direct investment, or patent leasing) relating to relevant technologies are
conducted. Therefore, patenting in foreign countries does not necessarily reflect the
country’s overall technological advantage. This study uses the domestic patent data to
measure the technological advantage of Japanese environment-related technologies and
the international patent data to measure the international competitiveness of Japanese
environment-related technologies. Japanese nationals file patent applications to Japan
Patent Office (a domestic patent office in Japan) to protect their technologies at home
while they file international patent applications under Patent Cooperation Treaty (PCT)
to Japan Patent Office/or patent offices in foreign countries to protect their technologies
abroad.

Firstly, the domestic patent data are suitable to measure the technological advantage
for the following two reasons. The first reason is that patent data are more appropriate to
measure the research & development activities for new technologies than other
indicators. To measure the research & development activities for new technologies,
several indicators can be used. One of such indicators is the investment (the amount of
expenditure or the number of personnel) made for developing new technologies. It is an
indicator which attempts to measure the research & development activities by their
inputs. For example, if a country A makes more investment in developing new
environment-related technologies than does a country B, then a country A is considered
to be more active in the research & development of environment-related technologies
and thus to have a technological advantage in environmental-related technologies than a
country B. In contrast, the patent is an indicator which attempts to measure the research
& development activities by their outputs. If a country A applies for a larger number of
patents of environment-related technologies than doe a country B, then a country A is

considered to be more active in the research & development of environment-related
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technologies and thus to have a technological advantage in environmental-related
technologies than a country B. While more investment does not necessarily ensure the
development of new technologies, more patents indicates more new technologies
developed since the patents are outputs of the research & development activities.
Furthermore, while the amount of expenditure and the number of personnel for
developing even a similar technology must vary across nations or firms, patent data
simply counts a new technology as one regardless of the amount of expenditure or the
number of personnel.

Secondly, the international patent data are suitable to measure the international
competitiveness of specific technologies from the following reason. Though the volume
of trade and FDI can reflect the international competitiveness of specific technologies in
the market, it is difficult to identify the volume of trade or FDI relevant to environment-
related technologies since there is not a clear categorization of environment-related
goods in the data on trade or FDI. Alternatively, the international patent data can reflect
the international competitiveness of specific technologies since firms, research institutes
and individuals file international patent applications to protect their technologies in
foreign countries when they export or manufacture the products using relevant
technologies or conduct businesses of leasing their patents (though they might not

necessarily do so).

3. Data

Patent data are useful to measure the technological advantage and the international
competitiveness of a specific country’s specific technology. The patent data used in this
study are available from an annual report of the Japan Patent Office and also the OECD
patent databases, specifically the OECD patent database on international patent
applications filed under the Patent Cooperation Treaty (PCT) by technology including
environment-related technologies. What must be taken care of in dealing with patent
data is that a part of patent applications are filed by multiple nationals. Using this
characteristic in patent applications, Guellec and Pottelsberghe de la Potterie (2001)

demonstrated an increasing trend towards the internationalization of technology,



particularly cross-border ownership and research cooperation, for OECD member
countries using the indicators based on a database of patents applied to the European
Patent Office (EPO).

Inventors or applicants file patent applications at domestic/regional patent offices
(e.g., Japan Patent Office, European Patent Office) or at foreign patent offices. To
protect their technologies in foreign countries, they have to file patent applications
directly at foreign patent offices where they want their technologies protected or file
international patent applications under PCT at domestic patent offices and then
designate specific countries where they want their technologies protected (Japan Patent
Office, 2013). An international patent application under PCT is a convenient way since
inventors or applicants do not have to prepare separate application documents for
respective countries where they want their technologies protected. For example, in the
case of patent applications under PCT, filing a single application at a domestic patent
office is enough since it is considered as filing applications to all of PCT member
countries. The term, an “international patent application,” used in this study implies the
patent application filed under the PCT. Counting of international patent applications is
based on the priority date (the date of a first application), the inventor's country of
residence, and the fractional counts on patent applications (OECD patent databases).
Fractional counts mean that, for example, if an international application is filed by
inventors from two countries, the patent for respective countries is counted as 0.5 each

in the patent data.

4. Development of Environment-related Technologies

According to the OECD patent databases, the total international patent applications
in the world increased 1.5 times from 102,705 to 154,607 during 2000-2009. Figure 1
shows the international patent applications in the world for selected new technological
fields, namely biotechnology, information and communication technology (ICT),
nanotechnology, medical technology, pharmaceuticals, and environment-related
technologies in 2000 and 2009. ICT shared 40.0% of the total international patent
applications in the world as of 2000. However, its share declined to 34.3% in 2009



(though its number increased from 41,061 to 52,982). The shares of biotechnology,
nanotechnology, and pharmaceuticals also decreased from 11.9% to 6.2%, from 1.0% to
0.7%, and from 11.9% to 7.1% respectively during the same period. On the other hand,
the shares of medical technology and environment-related technologies increased from
7.9% to 8.1% and from 5.6% to 9.4% respectively. These figures imply a progress in the
internationalization (cross-border ownership, cross-border research cooperation, and
international businesses) of these technologies during 2000-2009. Among others, the
number of international applications for environmental-related technologies in the world

increased about 2.5 times from 5,717 to 14,570 during the same period.
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Figure 1. International patent applications in the world (2000 and 2009)
Data source: OECD patent databases - Patents by country and technology fields

The OECD patent databases classify the environment-related technologies into
seven technological fields, namely, energy efficiency in buildings and lighting,
emissions abatement and fuel efficiency in transportation, technologies with potential or
indirect contribution to emissions mitigation, technologies specific to climate change

mitigation, combustion technologies with mitigation potential (e.g. using fossil fuels,
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biomass, waste and etc.), energy generation from renewable and non-fossil sources, and
general environmental management (air pollution abatement, water pollution abatement,
waste management including recycling and incineration, soil remediation, and
environmental monitoring). These seven technological fields are further classified into
more detailed technological fields. Figure 2 shows the transition in the international
patent applications of environment-related technologies by selected economies such as
EU (27 European countries), US, Japan, Korea, China and India. Particularly, EU, Japan
and US are dominant. Their combined share in the world’s international patent
applications for environment-related technologies is 87.2% in 2000 and 80.1% as in
2009. The average annual growth rate of the international patent applications for
environment-related technologies during 2000-2009 is 8% for EU, 9% for US, and 20%
for Japan while it is 11.8% for the world. In contrast, it is 31% for Korea, 35% for
China, and 41% for India.
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Figure 2. International patent applications of environment-related technologies

for selected economies (2000-2009)
Data source: OECD patent databases - Patents by country and technology fields



5. Technological Advantage of Japanese Environment-related
Technologies
This section attempts to measure the technological advantage of Japanese
environment-related technologies based on the data available from Japan Patent Office.
According to the hearing survey of Japan Patent Office, there are basically three cases

where Japanese nationals apply for patents (Figure 3)*.

Case | Lase
Domestic P International Patent
Applicag
PCT or direstly)

Case II1
Domestic and then International Patent Applications

Figure 3. Three different cases in patent applications
Source: Made by an author.

The first case is to file domestic applications to Japan Patent Office. The second
case is to file international applications under PCT (or not under PCT) directly to the
Patent Offices in chosen foreign countries where Japanese nationals want their
technologies to be protected. The third case is firstly to file domestic applications to
Japan Patent Office and secondly to file international applications under PCT to either
Japan Patent Office or the Patent Offices in chosen foreign countries where Japanese
nationals want their technologies to be protected. These different channels in patent
applications make it complicated and difficult to record the numbers of domestic patent

applications and international patent applications correctly since some technologies are

% International Application Division, Japan Patent Office (Kokusai-shutsugan-shitsu,
Tokkyocho) (2014.2.17).
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likely to be double counted both in domestic databases and the OECD patent databases.
Furthermore, the number of international patent applications filed under PCT in the
OECD patent database does not include the number of international patent applications
filed not under PCT. Therefore, some cares must be taken when analysing the patent
data.

A possible way to measure the technological advantage of Japanese environment-
related technologies is to compare the number of domestic patent applications filed to
Japan Patent Office by Japanese nationals (companies, research institutes and
individuals) with the one filed to the patent offices in the respective countries by other
nationals. Table 1 shows the number of patents in an environment area filed to domestic
patent offices by different nationalities for selected economies, namely Japan, European
countries, US, China and Korea during May 2009-April 2010. Japanese nationals filed
3,745 patents, which shares 83.5% out of the total patents filed to Japan Patent Office
(4,490). It is the second largest number followed by Chinese nationals who filed 4,725
patents to China Patent & Trademark Office. For all of selected economies, the numbers
of patents filed to domestic offices by their respective nationals account for significant
shares as expected. In addition, the numbers of patents filed to the patent offices in
Europe, US and China by Japanese nationals are not significantly large (433, 845 and
510 respectively). These lower figures indicate that most of the international patent
applications are filed under PCT to Japan Patent Office. The number of patents filed to
China Patent & Trademark Office by Chinese nationals is remarkably high. Based on
the assumption that a domestic patent application for a specific technology is first made
regardless of whether an international patent application for that technology is made,
Table 1 shows that Japan ranks the second after China in terms of the technological
advantage of an overall environment-related technologies. However, it can’t tell

anything about the technological advantage in specific environment-related technologies.
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Table 1. Patents in an environment area filed to domestic patent offices in selected

economies (May 2009 - April 2010)

c Nationality Japanese Eur_opean American Chinese Korean Others Total
ountry nationals
Japan 3,745 225 361 6 47 106 4,490
(83.5) (5.0 (8.0 (0.1) (1.0) (2.4 (100.0)
Europe 433 1,362 658 15 50 251 2,769
(15.6) (49.2) (23.8) (0.5) (1.8) (9.1) (100.0)
US 845 438 1,807 48 139 266 3,543
(23.8) (12.4) (51.0) (1.4) (3.9) (7.5) (100.0)
China 510 186 427 4,725 62 115 6,025
(8.5) (3.1 (7.1) (78.4) (1.0) (1.9 (100.0)
Korea 155 52 140 6 1,068 60 1,481
(10.5) (3.5) (9.4) (0.4) (72.1) (4.1) (100.0)

Data source: Japan Patent Office. Notice: The figures in the parenthesis are % in the total.

6. International Competitiveness of Japanese Environment-related

Technologies

The international competitiveness of technologies in the market can be measured by
the international patent applications since firms file them when they engage in
international businesses. The larger number of international patent applications of
technologies implies more trade, foreign direct investment, or patent licensing relating
to the technologies. Table 2 shows the number of international patent applications in
seven fields of environment-related technologies by selected economies. The fields of
(1)-(6) are the technologies for global warming mitigation and the field of (7) is the
technologies for general environment management including air pollution abatement,
water pollution abatement, waste management including recycling and incineration, soil
remediation, and environmental monitoring. EU, US and Japan share 80.1% of the
world’s total international patent applications for the environment-related technologies.
Japan shares 25% of the world’s total international patent applications of environment-
related technologies in 2009 although its share was only 15.7% in 2000. Japan ranks the
second after EU. The fields of environment-related technologies in which Japan
accounts for the largest shares in the world as of 2009 are energy efficiency in buildings
and lighting and technologies with potential or indirect contribution to emissions
mitigation. Japan shares the second largest in emissions abatement and fuel efficiency in

transportation and general environment management. Japan’s share in general
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environment management is lower than what is expected from the common view about

Japanese advancement in this field. Its possible reason is that this field of technologies,

for example, the pollution abatement technologies were developed and accumulated

when Japan overcame heavy pollution during its high economic growth of 1950s-1960s

while recycling technologies were developed and accumulated when Japan started

facing an increasing amount of waste and a lack of landfill space in 1990s. Therefore,

the patent data imply that Japanese research & development has shifted from the

conventional field to the new fields in environment-related technologies.

Table 2. International patent applications in seven fields of environment-related
technologies by selected economies (2009)

Seven fields of

Environment-related EU us Japan Korea | China India | Others | World
technologies
@ Eﬂﬁggl’?]’;f;ﬂg“cy Nl 365 | 138 | 379 46 39 2 | 120 | 1,088
lighting (335) | (12.7) | (34.8) (4.2) (35) (0.2) | (11.0) | (100.0)
(2) Emissions
abatement and fuel 1,200 332 860 101 56 20 120 2,688
efficiency in (44.6) | (12.4)| (32.0) (3.7) (2.1) (0.7) (4.5) | (100.0)
transportation
(3) Technologies with
potential or Indirect | 736 | 603 | 1034 | 176 | 102 5 | 257 | 2912
emissions (25.3) (20.7) (35.5) (6.0) (3.5 (0.2) (8.8) | (100.0)
mitigation
(4) Technologies
specifictoclimate | o0 | o0 | (19 | (a1 | (08| (19| (162 | 1006
change mitigation (35.9)| (BL6) | (113)} (31)| (05 | (13)| (16.2) | (100.0)
(5) Combustion
technologies with
mitigation potential 86 118 19 13 5 1 36 278
(e.g. using fossil (31.0) | (42.5) (6.9) (4.5) (1.9 (0.3) | (13.0) | (100.0)
fuels, biomass,
waste, etc.)
©) Errc‘)%gryegee\?v‘;ﬁg%'; 4| 1419 | 1150 691 269 171 30 503 | 4,233
non-fossil sources (33.5) (27.2) (16.3) (6.4) (4.0) 0.7) (11.9) | (100.0)
WeaeE 1065 | 609 | 622 | 195 | 111 32 | 435 | 3,069
management (34.7) (19.8) (20.3) (6.4) (3.6) (1.0) (14.2) | (100.0)
(Envirorrrr?éf]'t_relate g | 4979 | 3045 | 3639 | 808 | 485 94 | 1520 | 14,570
(34.2) | (20.9)| (25.0)| (55)| (33)| (0.6)| (10.4) | (100.0)

technologies)

Data source: OECD patent databases - Patents by country and technology fields
Notes: Figures in the parentheses are % in the world’s total.
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Table 3 shows the “revealed technological advantage indexes” of seven fields of
environment-related technologies for selected economies as of 2009, which are derived
from the data in Table 2. “Revealed technological advantage index is based on patent
counts and provides an indication of the relative specialization of a given country in
selected technological domains” (OECD 2011, pp.182-3). For example, Japan’s
revealed technological advantage index for energy efficiency in buildings and lighting

can be calculated using the following equation (1).

“Japan’s revealed technological advantage index for energy efficiency in buildings and
lighting” =

“Share of Japan’s patents for energy efficiency in buildings and lighting in Japan’s
total patents for environment-related technologies” +

“Share of the world’s patents for energy efficiency in buildings and lighting in the
world’s total patents for environment-related technologies” 1)

The revealed technological advantage index measures a country’s relative
specialization in a specific technology compared to other countries. If it is larger than
one, it indicates that a country has a relatively higher specialization in that technology
compared to the world average. Japan has the relatively highest specialization in overall
environment-related technologies (1.36) compared to other countries. Furthermore,
Japan has the relatively higher specialization in the fields of energy efficiency in
buildings and lighting (1.39), emissions abatement and fuel efficiency in transportation
(1.28) and technologies with potential or indirect contribution to emissions mitigation
(1.42) ° compared to other countries. In contrast, Japan has the relatively lower
specialization in the fields of technologies specific to climate change mitigation (0.45)°,

combustion technologies with mitigation potential (e.g. using fossil fuels, biomass,

> Technologies with potential or indirect contribution to emissions mitigation include
those for energy storage, hydrogen production and fuel cells.
® Technologies specific to climate change mitigation include those for CO, capture and
storage and also for capture or disposal of greenhouse gases other than CO,.
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waste, etc.) (0.28), energy generation from renewable and non-fossil sources (0.65),

and general environment management (0.81).

Table 3. Revealed technological advantage indexes for seven fields of environment-
related technologies for selected economies (2009)

Seven areas of environment-
related technologies

EU

us

Japan

Korea

China

India

(1) Energy efficiency in
buildings and lighting

0.98

0.61

1.39

0.76

1.06

0.30

(2) Emissions abatement and
fuel efficiency in
transportation

1.31

0.59

1.28

0.67

0.62

1.15

(3) Technologies with
potential or indirect
contribution to emissions
mitigation

0.74

0.99

1.42

1.09

1.05

0.25

(4) Technologies specific to
climate change mitigation

1.05

1.51

0.45

0.56

0.16

2.06

(5) Combustion technologies
with mitigation potential
(e.g. using fossil fuels,
biomass, waste, etc.)

0.91

2.03

0.28

0.82

0.56

0.39

(6) Energy generation from
renewable and non-fossil
sources

0.98

1.30

0.65

1.15

1.21

111

(7) General environment
management

1.02

0.95

0.81

1.15

1.09

1.63

Total (Environment-related
technologies)

1.12

0.77

1.36

1.01

0.49

0.66

Data source: OECD patent databases - Patents by country and technology fields.

7. Conclusion

This study attempts to explore the methodology for measuring the technological

advantage and the international competitiveness of Japanese environment-related

’ Combustion technologies with mitigation potential (e.g. using fossil fuels, biomass,
waste, etc.) include those for heat utilization, combined heat and power, and efficient
combustion.
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technologies and then actually measure them using the rich patent data. The domestic
patent data of selected economies show that the number of Japanese domestic patent
applications is the second largest after China. It implies an overall technological
advantage of Japanese environment-related technologies though it can’t say anything
about the technological advantage of specific fields of its environment-related
technologies. The international patent data show that Japan has the higher international
competitiveness in the three fields of energy efficiency in buildings and lighting,
emissions abatement and fuel efficiency in transportation, and the technologies with
potential or indirect contribution to emissions mitigation such as hydrogen production
and fuel cells. In contrast, Japan has the lower international competitiveness in the three
fields of technologies specific to climate change mitigation such as CO, capture and
storage, combustion technologies, and energy generation from renewable and non-fossil
sources. Japanese international competitiveness in the field of general environment
management is somewhere between the former and the latter.

The study results suggest that to measure the gap between the technological
advantage and the international competitiveness in specific fields of Japanese
environment-related technologies the data on domestic patent applications by fields, the

classification of which is consistent with the one of OECD patent databases is necessary.
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pp.164-173),

i)y, YK BT, 1915 FOREELUNE, ARMEHOBEENOIEED, £ bk
ELTEE AT LA~ERRELE, &0 DITHASEZ ST ENEE A — I — o @EitF OBk
E T B CIE YK B — FICFHT T o 7o, FARMICIXEEE (£ —%) B 7T,
ZNEDRILSEDTIOORIEERE (=%, P—RE—F%) ~ENY, 5|
FNEIGHUEEEA— N A— g VERER TRy h~E BB L TV o577, 2000 %L
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TAIWANESE ENVIRONMENT-RELATED INDUSTRIES
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The Center for Green Economy
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75, Chang-Hsing St. Taipei, Taiwan, ROC

Abstract:

According to The International Institute for Management Development (IMD, 2010),
Taiwan’s green technology competitiveness is ranked the second in Asia and sixth in the
world. In Asia, only Japan is ahead of Taiwan. Therefore, the purpose of this study is to
investigate the market performances of Taiwan’s environment-related industries,
whether they really have international competitive advantage? In addition, it is to
investigate the major market barriers they face and governmental assistances they really
need. The study found that Taiwan’s environment-related businesses are really small in
terms of the market size and most of the companies focus only on domestic market,
expanding the international market for them is not easy. Although green technology
competitiveness of Taiwan is performing well compared to the most countries, however,
the production cost cannot compete with those countries because of the market scale.
In terms of the market barriers they face and the assistance they need, green policy and
financial assistance are probably the major two areas to promote environmental related
industries, especially to help them to collect the information of international green
regulations and public procurements, and providing financial measurements and
assistances to them.

1. Introduction

Compared to Europe, America and other environmental markets in developed
countries, the domestic market in Taiwan is relatively small and limited. Only the
government can strengthen and implement environmental regulations, and domestic
public environmental awareness become highly attention, then the demand for

environmental goods and services will be increased in the market. In other words,

* IMD World Competitiveness Yearbook 2010.
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environmental regulation and environmental awareness are major demand factors of
environmental goods and services.

Therefore, the import and export of environment-related goods and services are
affected by environmental regulations, such as air quality standards, recycling fees, and
environment-related subsidies. In recent years, Taiwanese pollution control equipment
has been increasingly exported to China, Indonesia, India and other markets (see Table
1), showing the market demand in these countries for pollution control equipment has
increased. With the demands in exports of environment-related goods and services
began to increase, how to further explore overseas markets will be the focus of future

development.
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Table 1: Top 10 Export Countries of Taiwan’s Environmental Protection Equipment: 2006-2012

Unit: thousand NT $

Year Rank 1 2 3 4 5 6 7 8 9 10
2006 Destination us China Japan Singapore UK Hong Kong Thailand Malaysia Germany | Germany
Total Export 67,003 61,448 15,752 11,961 9,242 9,030 8,824 8,085 6,004 5,697
2007 Destination us China Japan Singapore UK Thailand Germany Vietnam India Germany
Total Export 85,066 63,693 15,435 12,285 9,048 8,572 8,188 7,877 7,749 7,037
2008 Destination us China Japan Thailand Vietnam Singapore | Hong Kong = Thailand UK Germany
Total Export 3,076,338 102,545 68,277 16,359 11,099 10,876 10,560 9,704 9,500 9,288
2009 Destination us China Japan Vietnam  Singapore Thailand Turkey Germany UK India
Total Export 95,436 50,277 12,304 11,451 8,674 8,342 8,061 7,024 7,009 6,269
2010 Destination us China Japan Vietnam  Singapore Thailand Thailand Germany Turkey India
Total Export 112,183 77,229 17,088 11,997 10,620 10,577 9,842 9,680 9,079 8,243
2011 Destination us China Japan Germany = Singapore Vietnam Turkey Hong Kong | Malaysia India
Total Export 99,357 73,302 47,736 15,433 14,329 12,220 11,144 7,765 7,533 7,456
2012 Destination us China Japan Germany | Vietnam Singapore Thailand Vietnam @ Hong Kong | Turkey
Total Export 109,016 78,291 37,726 13,986 12,995 10,149 9,724 12,995 9,194 8,320

Source: complied from EPA and DGBAS.
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According to The International Institute for Management Development (IMD,
2010)°, Taiwan’s green technology competitiveness is ranked the second in Asia and
sixth in the world. Taiwan’s LED and solar production are ranked number 2 in the
world and ICT considered to be one of the top competitive countries in the market.
In Asia, only Japan is ahead of Taiwan. However, environment-related industries have
long been considered being domestic oriented, and economic scale is really limited, so
the questions are “Are Taiwanese environment-related industries really competitive
compared to the neighboring countries?” or “Are they really doing well in the globe
markets in terms of exporting?”

The purpose of this study is to investigate the market performances of Taiwan’s
environment-related industries, whether they really have international competitive
advantage. And what kind of goods and services are they exporting abroad? And to
what markets? In order to answer those questions, this study also conducts a survey
on Taiwanese companies, including the characteristics, the sales values, and the major
exporting markets. In the survey questionnaire, we also include the opinion questions,
such as the major market barriers they face in the global markets and the
governmental assistances they really need in order to expand their green

competitiveness.

2. An Overview of environment-related industries in Taiwan

2-1. Firm Number and Output Value

This study compiled the census data over the years from the Environmental
Protection Agency (EPA), The Directorate-General of Budget, Accounting and
Statistics (DGBAS) and other data sources. Table 2 shows the number of firms of
Taiwanese environment-related industries. Overall, the number of firms is 4,612
in 2005, and it increased to 6,891 in 2012. In terms of subsectors, the number of
firms in environmental services, environmental resources and environmental
equipment in 2012 are 5,044, 1,401, and 445.

Table 3 shows the output value of environment-related industries from 2005 to
2012. Overall, the output value is 162 billion in 2005, and in 2007 it reached to

235 billion, but in 2008 and 2009 because of the financial tsunami, the output value of

2 IMD World Competitiveness Yearbook 2010.
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environment-related industries have fallen sharply, and later it was gradually picked
up in 2011 and 2012, the overall environmental industry output was $244 billion and
$258 billion.

In terms of proportion, environmental services sector accounted for 44.66
percentin overall environment-related industries, followed by the environmental
resources sector 40.17% and 15.18% of environmental equipment industry. Due to
the rapid growth in 2007, environmental services industry accounts to 53.94% and the
following year it fell to 45.79 percent, remained at about 44%.

The results can be observed from the above, the output value of the environmental
services industry is more vulnerable, when the economy grows, which increases
demand and output, but then the output value of the environmental services industry
changes dramatically. Conversely, environmental resources industry is less
vulnerable, even though the financial tsunami in 2008 and 2009, making the domestic
market demand decline, environmental resource industry still remained at 82 billion in
the year 2008 and 81.3 billion in the year 2009 or so (see Table 3). Total output value
of environmental-related industry accounts for 2% of GDP in Taiwan, but here not

including renewable energy industries.
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Table 2: Number

of Firms in Taiwanese Environment-related Industries 2005-2012

Class 2005 2006 2007 2008 2009 2010 2011 2012
1. Environmental testing services 67 184 82 84 88 92 97 103
2. Wastewater treatment 540 556 309 304 306 311 657 323
3. Waste Disposal Industry 1,608 2,649 2,134 2,364 2,462 2,550 2,969 2,662
4, Enwronmenta! engineering and technical 160 213 96 94 97 103 110 117
consultancy services
5. Pest Control Operators 410 433 502 537 582 591 624 659
6. Recycling industry 702 543 849 880 877 794 1,155 844
7. Remediation Services 238 241 134 132 133 135 157 140
8. Energy Technical Services(ESCO) 20 23 27 30 62 130 127 175
9. Environment-related verification services 11 11 11 11 11 11 12 13
10 E_nwronmental Management and Technical 14 14 6 6 6 7 7 7
Services
Subtotal . 3,771 4,867 4,150 4,442 4,624 4,723 5,915 5,044
Environmental services
1. Environmental equipment 226 251 242 237 238 224 330 335
2. Environmentally materials 75 83 77 80 83 81 82 111
Subtotal . 301 334 319 317 321 305 412 445
Environmental equipment
1. water supply 10 11 8 8 8 8 10 8
2. Recycled material manufacturing 530 686 915 1,126 1,100 1,252 1,319 1,393
Subtotal 540 697 923 1,134 1,108 1,260 1,329 1,401
Environmental resources
] 4,612 5,898 5,392 5,892 6,053 6,288 7,656 6,891

Environmental-related Industry

Note: This table shows only environment-related industries, "renewable energy industries" are not included.
Source: the study complied from EPA and DGBAS.
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Table 3: Output Value of Taiwanese Environment-related Industries 2005-2012

Unit: NT $
Class 2005 2006 2007 2008 2009 2010 2011 2012 (e)

1. Environmental testing services 2,494,989 3,443,991 1,698,134 2,041,614 1,670,940 2,523,222 2,727,098 2,947,448
2. Wastewater treatment 2,082,939 3,506,996 3.742,510 3,993,840 4.262,048 4.548,267 4,853,708 5 179,661
3. Waste Disposal Industry 23392,742  |32.159,209  |71,179,173  |50,348514  |44.065687  |41,177,263  |49.807,482  |50,818,574
4. Environmental engineering and technical 4,878,107 4,551,947 5,530,286 5.590,180 6,086,369 6,636,372 6,644,192 6,542,993
Consultancy services
5. Pest Control Operators 1,216,521 1,342,918 1,185,863 1,509,043 1,391,950 1,554,312 1,715,805 1,894,077
6. Recycling industry 26710046  |16,933827  |37.299.925  |26.461,354  |27.082556  |23.453,086  |32,049,067  |34.840,541
7. Remediation Services 3,139,823 2,456,658 2423910 2.391,599 2,359,718 2.328,262 2,297,226 2,266,603
8. Energy Technical Services(ESCO) 372,700 537,300 1,198,400 2.252,200 2,065,100 3,591,700 6,650,000 7,920,000
9. Environment-related verification services  |1,627,567 1,599.417 1,571,754 1,544.570 1,517,856 1,491,604 1,465,805 1,440,000
égrs{‘c‘go“mema' Management and Technical 15/, 59 784035 1144677  |1247473  [1,019331  [1,020773  [1061,910  [1.104,705
Subtotal . 66,856,493 67,316,298  |126,974,632 97,380,387  |91,521555 88,324,861  |109,272,294 114,954,602
Environmental services
1. Environmental equipment 11,684.160  |7,500,075 12430597  |14.415603  |11354509 12,830,122  |13.796,230  |14.835,086
2. Environmentally materials 13,867,432  |17,397.800  |20,368,129 18,808,199  |19.490,140  |26,536,926  |19.433,905  |20,984,731
Subtotal . 25551592  |24.897,875 32,798,726  |33,223,802 30,844,649  |39,367,048  |33,230,135  |35,819,817
Environmental equipment
1. water supply 32,788,093  |33.284,025 |33,620,000 |33,841,542  |32,600,000  |33,841,000 |35,754,783  |36,287,529
2. Recycled material manufacturing 36,400,000  |38,500,000  |42,000,000  |48,200,000  |48,700,000  |54,400,000 |65, 800,000 |65, 800,000
Subtotal 69,188,093  |71,784,025 |75620,000 |82,041542  |81,300,000  |88,241,000  |101,554,783 |107, 660,789
Environmental resources
Total 161,596,178 163,998,198 |235393,358 |212,645,731 |203,666,204 |215,932,000 |244,057,212 258,435,208

Environmental-related Industry

Note: This table shows only environment-related industries, "renewable energy industries"” are not included.
Source: the study complied from EPA and DGBAS.
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2-2. Imports and Exports of environment-related equipment

Table 4 shows aggregated amount of Taiwanese environment-related equipment
import and export statistics from 2006 to 2012. From the overall trends, the total
imports of environment-related equipment remain stable, ranged from NT$ 9.7 to 13.4
billion. The exports shows steady growth with total exports growing from NT$7.7
billion in 2006 to 11.9 billion in 2012. Compared with imported environment-related
equipment for the period between 2001 and 2005, the sum of imports and exports
shows relatively large magnitude of changes since 2006. The 2007 growth rate in
imports is 21.49% with 14.90 % growth in exports. But in 2012, the growth rate of
import was -4.54% with only 1.34% on growth in export. In 2008 and 2009, due to
the financial crisis, both import and export of environment-related equipment have
fallen sharply.

Table 4 compiles the amount of environment-related equipment import and export
in Taiwan, including the growth rate and the proportion of the industry from 2006 to
2012. In recent years, environment-related equipment imported accounts for
0.16% of the total annual imports of Taiwan. And environment-related equipment

exports accounts for about 0.12% on average.
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Table 4: An Overview of Taiwanese Environment-related Equipment Trade Volume 2006-2012

Unit: thousand NT$;%

2006 2007 2008 2009 2010 2011 2012
Total imports of 9,736,430 11,828,710 10,636,476 8,467,571 13,329,112 14,349,677 13,698,191
environment-related
equipment (A)

Annual growth rate - 21.49% -10.08% -20.39% 57.41% 7.66% -4.54%
Total exports of 7,719,372 8,869,751 10,552,500 9,053,140 11,267,615 11,718,013 11,875,150
environment-related
equipment (B)

Annual growth rate - 14.90% 18.97% -14.21% 24.46% 4.00% 1.34%
Country's total imports 6,604,336,706 7,211,790,352 7,551,085,183 5,757,179,343 7,943,487,728 8,280,368,637 8,021,457,258
(©)

Country's total exports 7,279,319,454 8,087,933,801 8,010,375,849 6,708,883,860 8,656,831,128 9,041,591,432 8,899,963,477
(D)

The proportion of total 0.15% 0.16% 0.14% 0.15% 0.17% 0.17% 0.17%
imports (A/C)

The proportion of total 0.11% 0.11% 0.13% 0.13% 0.13% 0.13% 0.13%
exports (B/D)

Source: This Study from the Republic of China Customs Statistics database.
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3. A Survey on Environment-related Enterprises in Taiwan

We conducted a survey on environment-related enterprises in Taiwan to identify key
issues about this industry. The targeted enterprises for survey are all of 5,927 enterprises
that are under registration but excluding those with false address. Those enterprises are
in the business with environment and energy-related industry, mainly those
manufacturers focused on the environmental protection industry and green energy
industry. After further selection, questionnaires were sent to 1700 firms. The reply rate
is 12.7% completed by finance and accounting (46.3%) and business owners or
managers (33.2%). Those companies who completed the survey can be classified by

their business characteristics in the following table.

Table 5: The Characteristics of Environment-related Firms

Sectors Sub-Sector Number of firms surveyed Subtotal
Environment-related | Environment-related equipment 42 48
equipment industry | manufacturing

Environmentally materials 6
Environment-related | Recycling 14 126
services Environmental testing services 10

Wastewater treatment 15

Waste treatment 16

Environmental engineering and 50

technical consultancy

Pest Control 12

Remediation 2

Energy Technical 2

Services (ESCO)

Environment-related verification 2

services

Environmental Management 3

Technology
Green Energy Refrigeration and Air 12 38
Industry Conditioning

Solar Photovoltaic 9

Biofuel 3

Wind Power 2

LED lighting photoelectric 6

Hydrogen and Fuel Cell 1

Energy Information and 4

Communication

Electric cars 1

Total 212

Source: the study findings.
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3-1. Overview on Manufacturers’ Operation

Most of enterprises are more focused on Taiwan’s domestic market (193 of 212
enterprises). Very few enterprises have exporting experiences, only 10 enterprises
export to China, 2 enterprises to Japan, 1 to Korea, 3 to south Asia, 1 to North America,
5 to Europe, 1 to Ease Europe. The other did not answer the question.

The net incomes of those enterprises surveyed are relatively low, only 4% of them
earing 16% of net profit rate or above, 33% of them earing 13% to 15% of net profit
rate, 10% of them earing 7 to 12% of net profit rate, 9% of them earing 4 to 6% of net
profit rate, and 30% of them earing 3% of net profit rate or under. There are 14% of 212
enterprises are under 0 profit.

In addition, most of enterprises (76%) do not invest on environment-related research
and development. And most of enterprises (75%) have no intention to invest on

environment-related goods and services in the future.

3-2. Difficulties and needs in operation

In operation, the enterprises have encountered many issues or difficulties. 37% of
the enterprises think intense competition in the domestic market is the primary difficulty
faced by the enterprises. Also 24% of the surveyed enterprises need more assistance
from government. While 17% of the enterprises think regulations and supporting
measures are not enough, 15.5% are in the need of financial capital.

The need for market and bidding information is ranked number one by enterprises
(33%). Other types of information needed by enterprises include the subsidy measures
for R&D (25.4%), low-interest loan (17%), training opportunities (14.6%). 13.6% of
those enterprises also need advanced technology from abroad and 11.8% need the

opportunities to expand their market globally.
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3-3. Willingness to invest

By the enterprises surveyed, solar photovoltaic industry is most preferred
investment (10 of 212 enterprises), following by energy saving/green building
technology (8 of 212). Also Energy saving services (ESCO), environmental consulting
services and LED lighting manufacturing are preferred generally preferred (7, 6 and 6 of
212 enterprises respectively).

Considering the amount of investment, about 50% of the enterprises are willing to
invest NT$15 million or less while only 13% of the enterprises are willing to invest

more than NT$15 million in the future

4. Conclusion

The purpose of this study is to investigate the market performances of Taiwan’s
environmental related industries, whether they really have international competitive
advantage? In addition, to investigate the major market barriers they face and
governmental assistances they really need.

Taiwan has around 7,000 environmental related companies, including 450 pollution
abatement equipment companies, 1,400 resource management companies, and 5,000
environmental service companies. The industry production values are not high
compared to the most of Taiwanese industries. However, resource management
companies, including water resource management and recycled material production, are
growing fast, the production value is around 107 billion per year. Pollution abatement
equipment production value is 35 billion per year, and the value of environmental
service industry is 115 billion per year.

This study compiled the census data from the EPA and DGBAS survey over the
years. The study found that Taiwan’s environmental related businesses are really small
in terms of the market size, and most of the companies focus only on domestic market,
expanding the international market for them is not easy. Although green technology
competitiveness of Taiwan is not bad compared to the most countries, however, the

production cost cannot compete with those countries because of the market scale. In
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terms of the market barriers they face and the assistance they need, government should
focus on green policy, e.g., green certification, to promote their green supplying
capacity and provide with financial assistance. The industries not only need the
information of international green regulations and public procurements, but also
financial measurements, such as loaning, and overseas demonstrating opportunities, and

assistances to compete against the other country competitors.
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