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Summary of study results

This study analyzes how Green New Deal (GND) palicies contribute to the economy and industry, their impact on
innovation policies and the development of Japan's environmental industries, as well as presenting issues to be
considered when designing future GND palicies. For this, this study analyzes patents and case examples, and
examines Japan's new environment-related automobile technologies and regulations and their impact on
environmental policies.

International comparison of GND policies

Nations have differing Green New Deal (GND) palicies, which are affected by demand, necessity, potential and
each nation's industrial strategies. As an accelerator for achieving targets, GND policies aim to increase
employment opportunities in the short term and to obtain stable economic growth in the long term through
promoting renewable resources and energy. Green industry investments and GND palicies point away to economic
recovery and job creation. Genuine economic growth requires more strategic and longer-term investments,
investing in new industries, including clean energy technology industries, and switching to a low-carbon society.
One question is how such investments can be sustained.

Concerning how GND economic stimulus policies impact on job creation, the numbers of jobs that a series of
policies expect to create were etimated. The U.S. has the highest GND job crestion potential; up to 2,600,000 jobs
were expected to be created in 2010. The figures were up to 370,000 jobs in Germany from 2009 to 2010, up to
1,600,000 jobs in China from 2009 to 2010 and up to 960,000 jobs in Korea from 2009 to 2010. At present,
however, many issues il exist for assessing each green palicy's employment impact, and many nations only have
statistical data on the numbers of greenreated jobs. In addition, the definition of green-reated jobs varies
depending on the nation, making comparisons difficult. For example, the U.S. government states that 3,100,000
jobs relate to green products and services, but specifying which part of these jobs was actually created by green
stimulus policies and green-related palicies is impossible. Some studies analyzed job creation using CGE models
and econometric models. Analyzing under realistic conditions presents issues such as setting hypothetical
conditions and industry dassification systems. Obtaining data for analyses is also problematic; further studies are
required to discover how to minimize uncertainty. Existing model analyses indicate that climate change mitigation
policies certainly impact on employment and environment. According to simulation results, however, theimpact is
very limited, and only 1 percent, or less, of jobsis affected by these policiesin OECD and European nations.

GND positioning varies depending on the nation. In China and Korea, GND policies are positioned as industrial
policies for strengthening the international competitiveness of their green industries. The top three nations that
alocate national budget for renewable energy are all Asian nations. China, Korea and Japan. These nations,
proudly considering themselves at the leading edge as clean energy economic nations, massively support clean
technology research and devel opment, develop manufacturing capacity, take measures to expand domestic markets
and support infrastructure development. In the process of moving into a clean energy economy and society,
innovations will occur, economic infrastructures will change, and businesses and sources of economic growth will
also shift into new industries. These changes will create domestic employment. In general, policy interventions
stimulating demand are ill necessary to develop renewable energy, rather than merdy granting subsidies to
suppliers. In order to determine the effectiveness of these policies, in-depth comparative studies based on longer-
term empirical evidence arerequired.

Impact of GND policies on the economy and industry

After researching several nations specific GND palicies and approaches, we focused on Japan's GND policies and
analyzed their impact. In order to measure how Japan's GND palicies impact markets and industries, we looked at
items allocated as the Low Carbon Revolution items in the supplementary budget for FY 2009. We applied the
input-output analysis method on the data edited by the OECD to examine the employment impact of GND policies
implemented in FY 2009, calculating the scale of impact on the Japanese economy. The results indicated that the
policy shocks paositively impacted on the Japanese economy in FY 2009, particularly on the household sector and
employment. Particularly positive employment impact was observed in mining and quarrying, automobile, trailer
and semi-trailer, research and development, machinery and equipment, textile, leather, footwear, nonmetd, rubber
and plastic product manufacturing sectors.
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To understand green economic growth more accurately, we focused on the automobile industry, which is expected
to impact on the wider economy, and analyzed the industry using a CGE model. Thinking of a green growth
strategy for a sustainable society, we used the CGE model to analyze how much economic impact the spread of
new-generation vehicles would have. The spread of new-generation vehicles for a low-carbon society is expected
to promote green innovation and contribute to Japanese economic growth. In order to assess how the spread of
new-generation vehicles impact on the economy, our group devel oped a new dynamic CGE model combining top-
down and bottom-up technology choices. We subdivided the automobile sector into four subdivisions of
conventional vehicles that lead to three types of new-generation vehicles, which are hybrid vehicdles (HV), plug-in
hybrid vehicles (PHV) and eectric vehicles (EV), to assess the spread of new-generation vehicles until 2020 and
the economic impact. Concerning the impact of the spread of new-generation vehicles on the Japanese econonmy,
the simulation indicated that the spread certainly had impact on, and increased, the GDP. This is because the impact
expanded beyond the automobile industry, impacting on eectric, machinery and other industries as well. New-
generation vehicles are equipped with advanced information systems, rather than merely being bodies and motors.
This is one reason for their positively impacting on the overall economy. The spread of new-generation vehicles
positively impacting on their supporting industries such as dectric and general machinery industries, in addition to
automobile industries, will positively impact on the economy, and is promising as a growth strategy.

HV are thought to be certain to reduce carbon-dioxide (CO2) emissions, and attract worldwide attention. Many
nations are participating in the HV devd opment race. Technologies for PHV and EV are essentia for achieving a
low-carbon society, but PHV are inappropriate for small-size vehicles and EV can only trave very limited
distances on one charge. Due to these reasons, the spread of PHV and EV isslow. ASEV available can only travel
very limited distances on one charge, consumers hesitate to purchase them. To promote EV spreading, providing
more charging stations and developing technologies for longer travel distances are urgently needed, rather than
merely granting subsidies. PHV attract attertion as a solution for the issue of limited travel distances, but they need
to be equipped with both engines and batteries. This makes PHV unsuitable for small vehicles; most PHV are
ordinary-size vehicles that are more expensive than EV. This hinders PHV from spreading. The HV ratio of total
automobile salesis increasing more rapidly than expected, which will continue, because gasoline prices continue to
be high.

Although the spread of new-generation vehicles reduces the CO2 emitted by the industry sectors that use
automobiles, the spread may also increase Japan's total CO2 emissions by stimulating production of many
industries. However, CO2 emissions were not restricted in our simulation; the CO2 price was therefore zero. If
CO2 emissions are redtricted and a CO2 price is set, gasoline and light oil prices will increase, promoting the
spread of new-generation vehicles, particularly EV. These are expected to be powerful measures for CO2 reduction.
From this perspective, the spread of new-generation vehicles, particularly PHV and EV, is desirable in order to
reduce CO2 emissions.

Analyzing the patent and financial data

In addition to analyzing the economic impact of new-generation vehicles, we assumed that Japanese EV
technologies will become widely used and analyzed whether Japanese manufacturers have competitive superiority,
using patent data. For these analyses, a new cluster technology classification method, which our group devel oped,
was used. Specificaly, in order to more deeply understand competitiveness in each EV technology fidd, we
applied the co-occurrence approach of the International Patent Classification (IPC), which is used to indicate
relationships between related technologies, to develop a new method for identifying related technologies that
include proxima technologies as well as core technologies. We used this method to analyze patents in terms of
innovations and competitiveness. We used the European Patent Office (EPO) Worldwide Patent Statistical
Database (PATSTAT, April 2012) to understand the global competitiveness of Japanese technologies in the EV
field. Firgt, we searched core EV technologies from PATSTAT, using IPC code B60L, and conducted time-series
data research to discover the trends for each nation for patents and utility models (UM) that relate to EV
technologies. In this study, both core EV technologies and their proximal technol ogies were respectively dlassified
into the following seven clugters.

Cluster 1: Electric propulsion devices and motors

Cluster 2: Controlling dectrically propelled vehicles
Cluster 3: Braking and transmission systems for electrically propelled vehicles
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Cluster 4: Magnetic levitation trains

Cluster 5: Power supply for electrically propelled vehicles
Cluster 6: Brake systems for dectrically propelled vehicles
Clugter 7: Linear-motor trains

The results indicated that Japan ranks highly, interms of both patentsand UM, inall seven dusters.

In recent years, the Chinese economy has grown rapidly. With innovations and an increased number of
international patents, China has proved to the world that their science and technology have rapidly progressed. This
rapid progress, however, is not reflected in PATSTAT. We purchased a Chinese UM database and analyzed it
based on the same classfications, the analysis showed that Chinese manufacturers have aso developed an
increased number of EV technologies. These rapidly increased patents and strengthened innovation capabilities
resulted from the Chinese government's strong implementation of their policies. In terms of the number of patents
being applied for, the Chinese Patent Office became larger than the Japan Patent Office (JPO) in 2010 and the U.S.
Patent and Trademark Office (USPTO) in 2011, and is now the largest in the world. Therefore, a deeper
understanding of the Chinese market is important. In this article, we also analyzed the development and spread of
Chinese EV technologies, based on the Chinese patents and UM database. The results indicated that, concerning
global technological competitiveness, Japan still has competitive superiority in major EV technologies at the IPC
classlevd. Japan aso has competitive superiority in core and proximal technol ogies corresponding to the IPC main
group level, which directly relates to EV production itself. In China, universities account for the largest part of
applicants for patents for inventions, indicating the strength of universitiesin Chinese innovation. This aso results
from Chinese national and local governments conducting a wide variety of programs to establish a knowledge-
based economy. Chinese national and local governments are working to very rapidly make China a major EV
nation through supply and demand stimulation, introducing technologies from abroad and regulatory measures. At
present, Chinese automobile manufacturer research and development capabilities are generally ill weak. We
assume that investing in universities has significantly improved their human resource deve opment, knowledge
accumulation and capability to absorb technologies. Japanese companies' intelectua property strategies in China
also have issues. Until the mid-1990s, Japan was making many UM applications. Since the Japanese Patent Act
was revised and the validity period for UM was shortened to six years, UM applications have decreased. Many
conflicts in China, however, occur concerning UM. Overseas applicantsin China often have oversight of many UM
advantages, apart from the prompt subsidy handling. Japanese companies must reconsider their intellectua
property strategiesin China.

We aso tried to present empirical evidence concerning how regulations in mature industries cause a potential
paradigm shift in technol ogies. Based on the IPC Green Inventory devel oped by the IPC Committee of Experts, we
identified major EV technologies using the main group level IPC code, B60L9, which is "Externa propulsion with
power supply external to vehide" For the issue of a single patent having multiple IPC codes, we examined the
statistical frequencies using an approach called IPC co-occurrence, and obtained distance indices between
technologies bel onging to different |PC code sections or different major groups. We used EPO's PATSTAT (World
Wide Patent Statistics Database) to extract al patent documents that include IPC code B60L9. We counted IPC
codes that co-occurred with B60L9, and identified the top 43 codes that co-occurred most frequently. These codes
are for technologies proximate to EV technologies, and include B60L 11, which is "Electric propulsion with power
supply from fud cells (fud cell vehides (FCV))," B60K6, which is hybrid dectric vehides (HEV), and H02J7,
which is charging stations for electric vehicles. Using the new patent dataset that we devel oped, we examined how
zero-emission vehicle (ZEV) regulations impact on innovation performance and the trgjectory of EV technology
development. We also examined three alternative technologies: battery electric vehicle (BEV), hybrid dectric
vehicdle (HEV) and hydrogen fuel cedl vehicle (HFCV) technologies. We assessed the impact of the ZEV
regulations implemented in California on some major automobile manufacturers, also using business and financia
data. In order to examine how the ZEV regulations impacted on innovation performance and the trgjectory of EV
technology development, we compared the citation counts for BEV and HEV technologies. The results indicated
that automobile manufacturers focused more on developing fud cdl technology in the late 1980s, but their
strategies changed because of the ZEV regulations. For example, GM's demonstrating their prototype BEV
triggered implementing the ZEV regulations. For this reason, EV was thought to be the only feasible option for
ZEV at that time; automobile manufacturers focused their development on EV technologies. Many valuable BEV
technologies, including charging stations and other proximal technologies, were developed within five years of
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implementing the ZEV regulations. The high costs and small ranges, however, were reported as fatd disadvantages
for EV; manufacturer work toward practical EV use produced only disappointing results for some time. Therefore,
automobile manufacturers, claiming that full-scale EV introduction had severe technological difficulties, Iobbied to
persuade the California Air Resources Board (CARB) to revise the ZEV regulations, and CARB decided to do so
in 1996. Dueto the revision, BEV-rdated patents decreased in value from 1998 to 2002, compared to the previous
five years, and other alternative technologies, particularly HEV technologies, increased grestly.

Regression indicated that the development of HEV technologies advanced little before the 1990s. After the ZEV
regulations, the development of HEV technologies increased greatly, peaking in the late 1990s. This reflects
important inventions that were maintained for ten years and led to commercial successes.

As with HEV, automobile manufacturers, after failing to develop BEV technologies and the revision of the ZEV
regulations, once again looked toward HFCV technologies. The progressin this fied reflected the high patent value
continued from the late 1990s, and contributed to the progress in the mid-2000s. Interest in HFCV then collapsed
due to the high costs of fud cdls and infrastructure issues. The ZEV regulations, as a whole, generated the most
valuable patents for all types of technologiesin thisindustry.

BEV technologies also simulated the advancement of aternative technologies. A few years after the ZEV mandate
became effective, feedback from companies was examined and the area of technologies covered by the mandate
was expanded, which led to today's HEV popularity. When planning and introducing regulations, and measuring
their impact, considering the trgjectory of each company's technologies, as well as understanding the characteristics
of such technologies, are required, rather than paying attention to one or two companies. Therefore, when using
regulations to promote innovation, the regulations and policies need to be designed with an understanding of the
characteristics of each technology. Particularly, when several options exist, and all of them are ill immature and
uncertain, implementing policies to sdlect specific technologiesis inappropriate.

Case Studies

(1) Lithium-ion battery related technologies

How far does the impact of the Green New Deal policies in 2009 reach? In this study, we conducted case research
on the GNP impact, changes in corporate resource all ocation within lithium-ion battery manufacturers, and whether
such changes caused a shift in technology development. The results indicated that the GND palicies negatively
impacted on thelithium-ion battery sector. During the last ten years or more, Japanese manufacturers of lithium-ion
rechargeable batteries significantly lost competitiveness. Today, Chinese and Korean companies top the list. The
GND palicies promoted devel oping lithium-ion battery technologies for the automaobile industry. Therefore, many
engineers shifted to developing lithium-ion battery technologies for automobiles; they focused on standardization
and devel oping safety standards. Thanks to them, electric vehicles became available and EV sales were successful.
However, the development of household rechargesble batteries suffered from the shortage of engineers. This
delayed the development of technologies using rechargesble batteries at home, negatively impacting the
development of the related Home Energy Management System (HEMS). The poalicies favoring and promoting
lithium-ion batteries only for the automobile industry had resulted in the household lithium-ion battery sector losing
its resources, economic backing, technical devel opment capabilities and engineers. Thiswasa painful failure.

In addition, regulations for dectric power are an obstacle for new businesses and market growth, indluding HEMS,
Building Energy Management System (BEMS) and other energy management and comprehensive and efficient use
of eectricity. If selling stored dectricity, buying cheap dectricity at night and sdling it in the daytime become
possible, profitable businesses can be conducted. For example, the current system for purchasing solar-generated
electricity does not cover stored dectricity. Therefore, eectric power systems are not permitted to have storage. If
end users of dectricity (households) are permitted to have storage and HEMS in their systems, and are given
incentives, such as making marginal profits, opportunities will exist for new businesses and market growth. Policies
must be considered within a broader framework, including eectricity storage, rather than promoting particular
energy sources. Creation of new businesses should not be disturbed. For example, storing dectricity generated by
tidal power and other unstable natural energy sources opens up the possibility of new businesses that efficiently use
natural energy, enabling the optimization and equalization of dectric power supply and demand. As the result,
demand for lithium-ion rechargeable batteries will be maintained in the Japanese market, strengthening Japanese
battery manufacturer competitiveness and enabling manufacturers to compete overseas.
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(2) GND policies and geothermal power generation

After the Great East Japan Earthquake, a stable dectricity supply, long-term review of the energy mix and
renewable energy development became issues. At present, however, energy sources are selected based on short-
term economic efficiency and incomplete environmental impact information. In the international market, Japan's
gecthermal power generation technologies are world-class. Concerning turbines and other core technologies,
Japanese companies, such as Fuji Electric Co., Ltd., Mitsubishi Electric Corporation and Toshiba Corporation,
have the largest market share. However, comprehensively connecting the development and introduction and
sublimating technologies into social systems has been rare. For this reason, despite the high-level of turbine
technologies, many rdated technologies are struggling to keep pace with overseas technologies, which are
advancing rapidly. In Japan, energy policies were rardy consdered as growth strategies for industries and
technologies. This prevented Japan from promptly innovating promising renewable energy technologies, made
Japan fal behind in global competition, thus causing disadvantages in terms of strengthening internationda
competitiveness. If Japan continues to be reluctant to innovate in growth fields, heavy losses may result in the
medium-term future. If Japan, despite owning advanced technologies, fails to more aggressively develop basic and
applied technologies, Japan may fall significantly behind in the competition with overseas companies. When
devel oping technologies for globa deployment, integrating a series of technologies for devel opment is essential. At
present technologies are divided into individual technologies, such as underground and aboveground technol ogies,
failing to create total development know-how from resource exploration and energy conversion to utilization ina
single package. Conversely, great innovation potential existsfor Japan's geothermal power generation technologies.

After the Great East Japan Earthquake, easing regulations for geothermal power generation started; consensus
building with local stakeholdersisthe largest issue. As for geothermal tilization, there are issues of relevant laws,
regulations and systems, including the Hot Springs Act, Environmental Impact Assessment Act and Electricity
Business Act. Asfor consensus building, hot springs have been traditionally utilized in many promising geothermal
development aress. In such areas, conflicts often occur between geothermal and hot spring businesses, which are a
high barrier againgt development. In Japan and many cther nations, there are issues in socia acceptance of, and
mechanisms and systems for, geothermal utilization, hindering organizations and manpower from functioning
efficiently in some cases. The result is that markets that should grow actually fail. In case research in Switzerland,
which is not rich in the high-temperature geothermal resources required for flash power generation, geothermal
energy has only been utilized for heating and not for power generation. In an environment marked by policies
breaking with nuclear power generation and transitioning to low-carbon energy, utilizing geothermal energy for
power generation is promoted. Without technology choices transcending conflicts and the socia consensus
framework, however, developing new energy sources and green growth from such development is difficult. In
order to improve social acceptance, establishing a governance mechanism is essential for coordinating between
stakeholders, including national and local governments, developers and local residents. The New Energy and
Industrial Technology Development Organization (NEDO) and other such organizations have conducted many
technical studies. Studies concerning social consensus building, systems, participation, economy, community
management and other such issues have been limited. For this reason, our study emphasized the importance of
analyzing how gecthermal technol ogies should be implemented from socia perspectives and through specific cases.

(3) Technologiesfor visualizing energy

We anadlyzed Asian cases of implementing energy visualization software technologies. Japan has advanced
industrial and home energy management systems. In order to identify factors required to implement such software
technologies and service businesses in Asia, our research covered companies such as Daiwa House Industry Co.,
Ltd., SCSK Corporation and ITOCHU Techno-Solutions Corporation. The research subjects included HEMS and
other battery management systems, as well as lithium-ion batteries themselves, and also researched how the GND
impacted on related industries. The development of HEMS originally started as a communication-related
technology in the 1990s. For HEMS, however, many different companies and technologies have been integrated
under the concept of energy saving. The Japanese Ministry of Economy, Trade and Industry took the initiative in
promoting standardization, and ECHONET Lite, a protocal different from European and American protocols, was
developed and became widely used in Japan. As far as penetration into the Singapore market is concerned, the
coordination with househol d-use rechargeabl e batteries is still unsatisfying, preventing overseas market penetration
from being successful. Since there were no support measures for the software, software technologies for managing
rechargeable batteries were developed without any policy measures, creating Japan's proprietary visualization
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technologies and new services. In order for Japan's environmental businesses to grow and become internationally
competitive, lessons should be learned from this case example, and vertically divided administrative regulations
disturbing expansion of new businesses should be diminated and comprehensive support measures, including
support for software devel opment, should be taken.
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2332 2629 2624
428 464 480
84206 84771 85104

: OECD (2012), "Government budget appropriations or outlays for RD", OECD Science, Technology and R& D Staistics
(database). doi: 10.1787/data-00194-en (Accessed on 10 December 2012)
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R&D 2009 186 5 G20
2008
40% 2
(The Pew Trust, 2010)
G20
3 2009
G20
35000
30000
25000
20000
15000
oo = 2010
O"J'-l_n.nl.-.l,-—‘ m 2009
& ] ./ & 5 %
oF & &N F & oF 4R = 2008
< - ® *
& & % & P
‘ffg‘} ’G{% a X v
;-@ T /Ap@/ K
“«)’)%7 % &
ol o &
@s’% & &
Campbell, 2011 2011 57% 8.8%
10 REPN 2012
2003 2006
2000
2010 100KW
3000 6000 KW 15 20
fiewh 55~82US
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GDF

2009
0.65
0.08

0.16
4.85
0.03
137
-0.21

2003

2010
0.23
0.06

0.21
0.78
0.04
0.29
-0.08

%

2010

(Pollit, 2011)

2011
0.09
0.03
0.09
0.21
0.03
0.08
0.05

3

2012
0.04
0.00

0.04
0.06
0.02
0.00
0.10

59%

2003

35

2009 10 GDP  05%
3 1

2013 2020
0.00 0.02
-0.03 0.01
0.00 0.03
-0.04 -0.03
0.01 0.01
-0.02 0.00
0.08 -0.04
Cambridge Econometrics, ESMG

2010



1200000 7
1000000 6
800000 2
600000 3
400000 2 w2003
200000 - 1 2010
0 - 0
&
Brookings Institution, Metropolitan Policy Program
2.2.2
2009 2010 800 2008 GDP  3.2%
106 13.3%
GND
PV
GND 2009
EEG
No.
1
(EEG)
2.
3. 2020 24%
Fischedick, 2004
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2009 2020
14%

(Krewitt and Nitch)

10.
No.

1 2008 11 3

CO, 2

3
kfw
25

2 2009 1 40 75

Lander
3 2009 5
4 2009 18 2009 7 cO2
5 2009 25
6 2009 4 50
7 2009 5
8 2009 6
9 2011 9
10 2012 1 KfW

2500

11 2012 4 KfW —

12 2011-2014

Robins, 2009; Federa Ministry of Economics and Labour, 2005; Meyer-Ohlendorf N. et. Al, 2009; KPMG International
Cooperative, 2012; Klein, 2012.

33
2 5 (Meyer-
Ohlendorf et.al, 2009) 2009 2010
2008 11
2009 1

8 Overview Renewable Energy Sources Act
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30 CO, 2
3 KfW 25
(Saha D. and Weizsécker J.,2009)
40
7.5
(Meyer-Ohlendorf N. et al.
2009)
2009 8 28 2009 9 200
2009 540.8 (HIS global insight, 2010)
2008 16%
2010 8% 2011
2010 63.7%
19.1% 15.2% (Renewable Energy Policy Network, 2012)
2011 100 PV
FIT
7.5GW PV FIT 12
24.8GW
3.1% 2010 1.9%
8% PV
2012 3 1.1GW (REPN, 2012)
17.6%
2011 8000
61% 2001 2010
18
2006 2011 84
EU
EU ICT
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11 ICT

ICT 15 2014 % GSOMB/<
(USD 219 million) 2010

2010 2018

15

Source: OECD (2009), Policy Responses to the Economic Crisis: Investing in Innovation for Long-Term Growth. Accessed on 10
December 2012 from http://www.oecd. org/sci encelinnovati oni nsci encetechnol ogyandindustry/42983414. pdf

12.
R&D,
% of GDP (2009 0.5% 0.1% 0.6% 0.2%
5 ) (115 ) (14 ) (145 ) (57 )

Source: OECD (2009), Policy Responses to the Economic Crisis: Investing in Innovation for Long-Term Growth. Accessed on 10
December 2012 from http://www.oecd. org/sci encelinnovati oni nsci encetechnol ogyandi ndustry/42983414. pdf

13. R&D
(100 )

2008 2009 2010
466.201 478.036 521.628
736.264 792.563 784.866

1190.644 131887 1341.624
405.144 457.21 448.157
896.205 1083.091  1090.512

2870.823 3289.726 4108.38
689.721 788.317 951.781
228.983 240.506 294.703

1462.458 1468.464  1424.629

Source: OECD (2012), "Government budget appropriations or outlays for RD", OECD Science, Technol ogy and R&D Statistics
(database). doi: 10.1787/data-00194-en (Accessed on 10 December 2012)

2000 43 (The
Pew Trusi, 2010)
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2011

12000 -
m 2010
10000 7 o009
8000 |  m2008
6000 -
4000 -
“ o m ol
O _JI T I-I T T -I
S SIS % % %
NI AN S R
vid RS S S
< &) P 4
S U %
¥ B - il
AT 0%
i R&D
14, R&D
12.2%
20% 2011
2011 122TWh
38.1% 30.3% 16%
15.6%
2006 80 2010 320
2011 10.4%
2000  89% 2010  10.2%
61
GDP 2009

° Renewable Energy Policy Network, 2012
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15

2008 2009 2010 2011 2012 2020
GDF 0.00 0.62 0.05 -0.01 0.02 -0.01

0.00 0.12 0.06 0.01 0.02 0.00

0.00 1.06 0.03 0.03 0.02 -0.02

0.00 0.60 0.40 0.07 0.07 0.00

0.00 0.13 0.01 -0.02 0.00 -0.01

0.00 0.45 0.18 0.08 0.03 -0.01

0.00 -0.07 0.04 0.02 0.04 0.06
cO2 0.00 -0.06 -0.14 -0.14 -0.13 -0.09

0.00 -0.10 -0.21 -0.22 -0.19 -0.14

%
Cambridge Econometrics, ESMG
2.2.3
16.
No
1. 2009 | 135
(GGA) (APAE)
2010-2013
2. 2008
2050
3. 2008
(Globa Denmark Tranddions,
2009).
4. 2009 | 125
(Jorgensen C., 2009)
29
(Pdllitt, 2011)
2
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2009 Green Growth Agreement GGA
APAE GGA
10135  DKK
2015 2010 2013
11
(2008)
2050
2008
(Global
Denmark Translations, 2009 4
( )
GND
17.

No.

1.

2. (GUDP)

3. ForskVE

4,

5.

6. (ETRD)

7. (EDDP)

8. (DEA)

9.

10. (NERI)

10

2012 2050

100%

10

1 Agreement on Green Growth, 2009

ministry of food, agriculture and fisheries of Denmark
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ICT

63Mwth 9 m?
213MWth
2010
156
125
(Jorgensen C., 2009)
) 125
29
2
R&D
18. R&D
(million US$)
2008 2009 2010
8.262 90.726 9.916
46.204 54.969 45,226
31.002 40.07 42.445
14.453 15.292 13.827
72.464 64.961 114.245
185.928 194.364 234.469
69.756 70.325 68.638
46.217 57.962 59.293
10.684 10.334 9.662

2011

2011

Source: OECD (2012), "Government budget appropriations or outlays for RD", OECD Science, Technol ogy and R&D Statistics

(database). doi: 10.1787/data-00194-en (Accessed on 10 December 2012).
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1984 28,400
2008 90
7.2%
65% 24%
(Harris, 2009)
2010 2011
2011 857/MW
2011 20% 10
700 -
600 - = 2010
m 2009
500 1 w2008
400 -
300 -~
200 - I
@] _ W i G
O '\_- T T . T - T T T T -_|
&).' 3 q :/ Y!{\ /)% |/
DU S T ST S R g
% S A S
& g & 5
& & e s
P & g2 /\j% R&D
19. R&D
CO, 2004 2008 20 /
2004 2008 054 /KWh
Nord Pool 2004 2008
/KWh 0.27 /KWh
1~-3% 2008 0.05
/KWh

(Lund, Henrik et al. 2010)
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26%

0.27



2.2.4

2008 12 2009 1 2
260 2009
2 2009
1 381
36
96
5 599
306
152 138 2013
56
(UNEP, 2009)
20.
No.

1 577 2008- GDP3.2% R&D

2012 2012 MEST

5% 577
(Zysmanand Huberty, 2011).
2 641
2009 2008 (
12 5
599
2009 ) 95 GND
1 ICT
(IRC, 2009)

3 5 2009 836

2013 (UNEP, 2009). 10 3

50
2009 6 20 2010
260 (HSBC, 2010) 2009 7
GND 5 836
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21 2009-2013 5 ( )
2009 2010-11 2012-13 Total
[1 67 227 149 443
Co2 8 17 19 44
22 44 51 116
37 167 79 283
2 37 83 102 223
16 33 39 88
6 14 16 36
12 30 42 85
2 5 6 14
®) 40 82 95 217
37 74 86 197
3 6 6 15
1 2 2 5
136 376 324 836
INFRA UPDATE 2010
2 2013 8
12
2009 7 GND 310 5 600
2008 GND
NAMA
2008-2012
R&D GDP3.2% 2012 5%
3
2009
2010 GDP
2 (Pollitt, 2011)
577 7 (Zysman and Huberty, 2011)
”” ”” 5 2009-2013
10 3 50
22

12 The Economist, “Asia’s green-tech rivals: Clean-energy competition in the region will be intense,” November 13, 2009
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R&D

IT

2

Co2

Co2
R&D
R&D
INFRA Update, 2010
2009 2000
5
23 5 ( 599 )
GND 5
150 159 309
19 133 152
138 0 138
307 292 599
Pollitt, 2011
2010 1 13
emissionstrading scheme (ETS)
, (Matthews, 2012)
KECO
24.
R&D,
% of GDP 50 360 GDP 5.14%
(2009 5 )

47



: OECD (2009), Policy Responses to the Economic Crisis: Investing in Innovation for Long-Term Growth. Accessed on 10
December 2012 from http://www.oecd.org/sc ence/innovati oni nsc encetechnol ogyandindustry/42983414. pdf

2009 2000
G20 19
660 2011
5%
278 G20
(The Pew Trug, 2010).
25. R&D

2008 2009 2010
248.489 229.104 221.741
385.804 321.432 327.651
481.399 326.806 325.179
199.975 104.395 109.144
812.475 701.11 771718
3077.556 3887.786 4256.376
775.59 880.135 911.156
n.a. n.a. n.a.
2144.606 211548 2288.464

Source: OECD (2012), "Government budget appropriations or outlays for RD", OECD Science, Technology and R&D Statistics

(database). doi: 10.1787/data-00194-en (Accessed on 10 December 2012)

12000 -
10000 - = 2010
8000 - m 2009
6000 - m 2008
4000 -
2000 -
0 14-_'_-_'_-_'_—_'_. . . . .
& % & & ; &
& & o &
. R %’\ %«T
.&ﬂ%’ & F -
& X % 5 xp
& & e o
¥ & i *
%
26 R&D
2011 4.57% 5 7.49%
6% (Energici, 2012)
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2011 254MW

527TMW
1966 240MW
2010
6
(Nautilus Institute, 2011)
2009 2010
(Pollitt, 2011) E3MG 2009
2010 GDP 1
0.5%(2009 )
e ”” 5 2009 2013
1411 1604
160 180 ( INFRA Update, June 2010)
2
2.2.5
GND
2008 5860 2
2009 3
HBSC
2000
1000 80
700 450
5 (HSBC, 2009) 1 5
2006-2010 12
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4 6800 (Campbell, 2011)
2008 11 5
2 4 2100
3 200

27 2008 4

4000 (5 8000

3700 (5 3000

1 5000

21 6000

1500 ( 2 1600 )
2100 3 300

3700 (5 3000

( ) 1 14 4000
10%
9%
9%
5%
4% 38%
http://www.sdpc.gov.cn/xwzx/xwtt/t20090306_264928.htm
4 57
GDP
4
2100
2009 6 2100 20% 408
13 14 @
@ ®

13 (WWF) T
14 11
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14%

4 3700
800 1000

UNEP

(UNEP, renewabl e energy in china)

2011
3500 510

73
R&D

2009 3
15

(HSBC, 2009)

! Steiner A. and Sukhdev P. 2011

2000

2010

1900

4 800 1000
1400
/
3 1 GDP
2008
2009 150
5 10%
100 15

2006

6000 2009
5 290

51

2010

3%

2009-



2009 2000 2010

800 (NL. Agency, 2011)
2010 21TWh 2011 663TWh
2011 21.3Gw
CDM
61%
28.
1.6L 5% 4
R&D 15
2009 2010 1790
300
2140
Pallitt, 2011
2009 50% G20
2009 346
[ | (71.1%)
[ |
(17.1%)
[ (8%)
[ (3.6%)
[ |
(0.4%)
29.
: The Pew Trust, 2010. Who's Winning the Clean Energy Race? Accessed on 11 December 2012 from
http://www.pewtrusts.org/upl cadedFil eswwwpewtrustsorg/Reports/Global_ warming/G-20%20Report. pdf 1=5939
15

(HSBC, 20094)
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2011 PV
(Solar Market Research and Analysis, 2011)

2012 18 1355
58% (Global Solar Thermal Energy Council, 2012)
81% 12 2010
17.6 44%
2010 2011
2011 62.4GW
4 1 5 24
2011 3.9
PV 4.4% 2011 10
220 (Solar Market Research and Analysis, 2012)
3
2011 21 L
2011 75
2.2.6
2008
EU
GND 2009
GND 2009
2012
1990
25% 2009
14
6987 10.7%
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30 2009

14 6987 1 5775
6,081
8,665
298
731
1 5775
1429
2011 3 11 GND
21
55 24 121
GND
24 380
296
80 4
RPS
2002 RPS
23
23 128,2 kWh 24 6 32,05 kWh
R&D
R&D GERD 7% R&D
OECD 2010 GDP R&D 2.49% R&D
2010 GERD  GDP 3.26% 1410 OECD EU
R&D GERD
2005~2010

16

54

16



86

ICT revealed technological advantage, RTA
ICT
2010 2020 GERD GDP 4%
4 2010 2015
2011 2100
2009 1429 R&D
2013
2006 50
170 GND
2020 4680
140 (OECD Science, Technology and Industry Outlook, 2012)
25 2020 80% (2050 )
15 6 8250 1
1
15 8360 91 20
20 4070 115
16
14
12 A
10
8
° A
4
2 e GHG15%
O T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1 —GHG20%
Lty “% %%* %‘% @?‘ st Vﬁ&%«ﬁﬁ
¥ & w & /ﬁ\
Z@ r
N @ G vt
i ¥ &
o '%
&

31

55



56

25



2.3

GND

32

COo2
VAT

RPS

1

RPS

2012

2011

REPN, 2012

R&D
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33.

10
*k*k 10 2
/
2009 | 267.5Y 94.1 BEE
310 27.4
2017 | (GGS)* 12% LCV 4
85.4(GTP) R 959
WW
(1558
2009 160.6 221.3 LCV 15 2015
/ R 9865 100 GW
2010 37.8% G 70 5GW 2020
300 WwW 30 GW
(5115 2015 15
GW - 1 GW CSP
2015 284
GW
2011 2015 500
2009 37.2 138 BEE(10.39 2020
co2 LCcV 14%
2010 13.2% 069 R
2.75

17
18

Brookings-Battelle Clean Economy Database 2010

2010

GGS(

GGS

58

2011

GTP(




19.8 2020
*k coz 15.8 50%
2020
4 39.8% 2050
100%
2020 10%
2050 100%
2050
100%
2009 9% 30.7 BEE 2030
coz 6.19 2,046 GWh
2012 80.5% LCv PV 2030
coz 180 R | 1971 Gwh
7.01 2030 16,619
wWw GWh 2030
3 13.89 1926
GWh
2030 2,628
GWh
2030 161
GWh 2030
2,803 GWh
2030
6,159 GWh
8 2030 3,860
GWh
BEE= LCV= R= w= 7/ G= Robin 2009 , REPN 2012 , UNFCCC 2011
EU EU 15 110
REPN 2012
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**k*k

A
Brooking
, 3)

Goods and Services: GGS)

2010 GGS 310
GTP 85

http://www.bls.gov/green/overview.htm#Definition

B.
25
2012 ILO
C.
2 8,400
D.
2009 1 19
14
E.

EU

2.4%

1460

1)

4

Green Technologies and Practices (GTP)

GTP

230

Green New Job Creation Plan
96

60

2012

2)

360

(Green

2009



34.

\/
v v v
v v v v
v J J J J
v v v v v
v v d v
v v v
v v v

EU
The Pew Trust
2012

HP
12

11

2010 Who’s Winning the Clean Energy Race?
http://www.pewtrusts.org/uploadedFiles/wwwpewtrustsorg/Reports/Global_warming/G-20%20Report.pdf?n=593
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35. 2011

2011 39%
2011 MSW
13.7 GW

2010 13.3GwW 3% REPN 2012
2011

282 GW v4a 70
GW 90 GW
2011 44 GW 2010

10%

12.25 GW China Electricity Council
2012
2011

12.2% 20% 2006 11.6%
10.4% 6.2%
5.6%

2011 857 MW
2011 254 MW

10%

2011 9
10 2
2009 3.7%
2011 4.7%
2011
2010
10.9% 11.8%
U3
U5
2006
46%
2011 PV
10 35.6%
REPN 2012

2011 2010
57%
510
REPN 2012
2011 17% 520
REPN
2012
2011 12% 310
REPN 2012
198
GND
307
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24
GND
GND

CGE

2.4.1 CGE Computable General Equilibrium)

CGE
1970 ILO
SAM: Social Accounting Matrix

CGE’s Structure

Computable General Equilibrium (CGE)
models can numerically describe an

. economy, becoming a useful tool for policy
1/0 Matrix decisions in the last 30 years. CGEs exploit
asequence of equations that depict the
relationship between markets in a specific
CGE MODELS moment (Static version). This chain of
equations establishes —through price
mechanisms- the equilibrium between the
between Agents supply and demand of each market

Factor Price (Equilibrium)
Demand Equilibrium D/S

Demand and

Budget Household: Utility Supply derived Firm: Profit Technology
Constraint Maximization from Agent’s Maximization Constraint
optimization

Adaptation from Hosoe, Gasawa and Hashimoto, 2010

36 CGE

CGE

63

CGE



1/0

CGE

ECOGEM-Chile

CGE

CGE

SAM

CGE
Modeling System (GAMS)

24.2

19

CGE

CGE

2003

20

I1/o0

SAM
SAM

SAM

CGE

http://www.cepal.org/deype/noticias/noticias/3/14843/doc_cepaldemiguelCGE.pdf

%% GTAP (Global Trade Analysis Project)

https://www.gtap.agecon.purdue.edu/databases/pricing.asp

64
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E3ME: Energy-Environment-Economy Model for Europe

E3ME (ESA95)
33
GDP
E3ME 1970 2008
Eurostat, DG Ecfin’'s AMECO database, OECD  STAN IEA
- 29 27
- 42 16
- 43
- 12 19
- 4 6
- 13
E3ME 3
(Pollitt, 2011)
E3ME E3ME
GND GDP
E3ME
1. EU E3ME 1999 8
10
2. E3ME 1970 2008 38

Eurostat, DG Ecfin's AMECO database and the IEA, OECD  STAN
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E3ME GDP
CGE
CGE
GND
2.4.3 CGE
CGE
Co2
CGE
37 CGE
Boeters et
al.
20
(2010)
WorldScan 0.27pt, -3.5%
Model 0.22pt, -3.7%
2001 0.15pt, -2.8%

0.27pt, -3.9%

0.17pt, -3.9%
Montgomery : GDP,
et al. (2009)
MNR.NEEM 2050 2005

66




and MS- 83% GDP: -1.0% (2030), -1.5%(2050)
MRT -2.2m (2030), -3.6m (2050)
models
:-510 US$(2030), -1250
US$ (2050)
:2010 2050
International :2050 GDP -2.0% in 2020: -0.1%
Councilfor | 5009 60% in 2020
Capital o .
Formation GDP -1.6% in 2025,
(2005a-d) c02 1.25% in 2025
DRI-WEFA (GDP -4.1% in 2025;
model 2005 2025 2.9% in 2025)
(GDP -1.4% in 2025;
-1.6% in 2025)
(GDP -1.1% in 2025;
-1.25% in 2025)
Cfommission :2020 GDP elastic
O
the
European 1990 20 .
Communities 2020 GDP  -0.35% in 2020
(2008) -0.04% in 2020
GEM-E3
20
model
‘EU
:2005-2020
Chateau, J., A. Saint-Martin and T. Manfredi (2011)
ENV-Linkages 2
2030
OECD 25 40
OECD 30
13 5 8
4 9
20 (Chateau,
Saint-Martin and Manfredi, 2011)
38 1995-2005
25
25
21 OECD ENV-Linkage CGE 15 26
5 5
GTAP SAMs

67




B (ISIC, 52 )
oEnv-linkages model (26 )

0.4%
OECD

ENV-Linkage

ENV-Linkage

Chateau, Saint-Martin and Manfredi, 2011

0.3% 2030

COo2
38

CGE

CGE
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CGE CGE
GND
GND
42 CGE
16
43 12
19
1/0, SAM 1/0, SAM GTAP
GTAP
30
E3MG
25
2009 2
GND
2009
GND 14 6987
1 5775 OECD (/0
)
1.38% 16.65%

22
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50%
57.11%

2009 GND
a.
b.
C.
a.
b. 2009 6
C.
GTAP OECD 2
OECD 2000
2005
2009
GTAP
2008
I-0 2000 2005
37x37 37x12 12x37 OECD
GND
2009 14 6987
1 5775 24
100
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DOMESTIC

INVESTMENT ./
MATRIX
5 2 7
“ e § & 2
DOMESTIC & z 4 Zl 5
INTERMEDIATE gl > = =
MATRIX < gl & @
~ g g
- o

Compensation of employees  — .
atin; lus -
./ ' | Depreciation of Capital
¢ |Netindirect taxes = - .
Total Inputs ] ' .

VALUE,
ADDED

IMPORT ; . IMPORT

INTERMEDIATE N INVESTMENT
MATRIX ; / MATRIX

[ Investment goods sourced from abroad

39

GND

24

OECD

2005 2009

OECD 170

GND
CGE 110
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CGE

GND
CGE
CGE
1/0 CGE
1/0
b)
2009 21 3
FD
0 1
L&H vs.
37x37

72

L&H

GTAP
CGE

GND

12x37



OECD 1S 37x37
A = [3center] )all..al37:-:a371..a3737 A
x = [1lcenter] )x1:x37
f11 f1 12
FO FO = S " S
fiz1 - fzr12
S1
s F, jth £, e [ ; l
S37
1 0 0
L=(0-A)"1 I=10 1 0
0 0 1
A L
L f0 +s
Xy
A
L Fy
L Fother
B B i) LABR
38x38
[Dir  Digz het] L
I I :1 hcl
B= b371 wo b3zz7 hesg fother Ry, fo h:
[hm T (Y 0 1
L=(0-A)"1
Lnew
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B hrl hrc fO fnew fnew ts
Xnew
X1 Xpew
1
10
I/0
Find Demend Tota Output per Totd Output per Sector &ter the

Totd Gross Output per Sector (Origird Fird NewFind Demand ~ Sector dter the shocks closing the model with Changes From Scenario 0

Sector without the Shocks (1) Base Dermand + Shocks) (NewFird Demand  shocks keepingL&H ~ Incrementin%(5)  respect to Labor & Households Incrementin % (7) to 1withL&H
Scenaio @ + Shocks) (3) €exogenous (4). (6). Scenario 1 with L&H endogenous (8)
Scenaio0 endogenous.

RI: COLTCS Agiculture, huning, foresty and fisting 116,702.12 17077.24 (14872.71) 116,744.72 004 117,863.551989 100 1,16143
R C10T14 M ining and quanying 911965 (139,409.88) (139,411.34) 981420 762 10,637.746575 16565 151809
R CISTI5 Food products, beverages and tobacco 335,239.91 212142.70 (44,551.66) 335,258.10 001 338,386.432602 094 3,14653
Re: CLTTI9 Textles el procucts, ether and footwear 4669205 16,587.09 (33,05456) 46,816.49 027 47 470.440505 167 77839
R5: C20 Wood nd products of wood and cork 2684876 (9,390.76) (9,88467) 26,907.97 022 26,983.552261 050 13479
R6: C21T22 Plp, paper paper producs,pining and publising 176,585.63 18,205.40 (2,145.29) 177,246 04 037 178,160.157726 089 157453
RT:C23 oke,efined peroleumproducts and nudea fue 169,661.44 30183.06 (17,769.16) 17028472 037 171,385.089392 102 1,72365
R& C24 Chericasand chericl products 240,159.45 37,365.68 1151118 241087.70 039 242,048.867356 079 1,889.42
R C25 Rubberand pasticsproducts 12389111 15511.26 839426 125,14265 101 125,595.962547 138 1,70486
RI0: C26 Othernor-metalic minerd products 64,745.80 4296.62 159200 65,037.39 045 65,163.353752 064 41755
RIL: C27Basic metals 28453767 11,0031 10,27930 288,347.06 134 288,864.317811 152 432665
RI2 C28Feicated metal poducts except ectinery and equipment 111,279.92 9,177.10 547812 11183862 050 112,081.343737 072 80143
R13: C29 Mechirery andequipmentn ec 334625.70 208,972.58 185.777.02 34335813 261 343,875.530113 276 9,24983
Ri C300fice, accounting and compuiing mechinery 50,135.43 40.45.47 31,39267 50,19851 013 50,298.096216 032 16266
RI5: C31 Beticel mechinery and apparatusn ec 267,656.66 111940.69 106,196.85 26034194 063 260,724.158858 077 2,06750
RI5: C32Ratio,teleision and communiaton equiprent 6858040 61061.93 2242852 68,695.13 017 69,030.903821 066 45050
RI7: C33M edicd, predision andopticd nsrunents 3474706 23,885.69 15,968.98 3480343 016 34,896.162586 043 14910
R18: C34 Motor ehicles, rilers and semitralers 42279156 217,182.25 168,349.69 43947326 395 440,388,335458 416 17596.78
RISt C35 Other ransport equiprent 55,696.23 29584.80 28,751.24 55,723.89 005 55,765.411997 012 69.18
R0 G737 Manfactuingn e reycling 68,156.04 19555.27 321282 68,462.79 045 68,789.210874 093 63317
RoL: 40141 By, gas andwater supply 197,801.22 68,774.37 73234 198,562.81 039 199,691.780605 096 1,89056
R22 045 Consiruction 577436.18 508,074.37 50807437 57763316 003 578,006.223906 010 57004
R23 CBOTS2 Wholesleand et v epairs 928,000.34 584,808.33 15564171 93014841 023 935,156.06189%4 077 7,155.73
Rt CS5Hotels and resaurants 300,717.34 300,717.34 270066 300,717.34 - 303,157.649809 081 244031
R25: 060TE3 Transport and storage 365,130.79 164,763.61 31,679.00 366,119.06 027 368,112.270972 082 2,98148
R2%: C54Post and telecormunicatons 181,215.66 7421102 (17625) 18160000 021 182,700.616806 082 1,48495
Ra7. 065T67 Finance and nsurance 348,169.26 103302.79 1,30866 34912941 028 351,303.253708 090 3,133.99
R2B: CT0Red estte activtes 641,055.36 556,421.21 24846 64137938 005 646,365.037301 083 530067
R29.C71Rentingof mctiner and equipment 10480175 821620 131201 105,326.90 050 105,744.435546 090 94269
R 72 Computer and relted tivies 17567657 90,157.86 79,84366 176048.16 021 176,498.331598 047 82176
R3L: 73 Research and el pment 128,186.81 16,394.39 16,394.39 13178452 281 1324120.467890 307 393386
R CrdOher Business Actvies 308.296.16 26,2969 2191224 30940277 036 310,676.007248 077 237985
R C75Public acin. and defence; conpulsory soci secuity 251563.74 245913.01 238,14303 25150403 001 251,685.941759 005 12220
R34 CB0Education 184,019.71 180,851.73 131,860.98 184,035.56 001 184,450.339142 0.23 43063
R35: C35 Health and socid work 454,855.85 44741353 354,747.40 454 856.04 0.00 455,6217.780917 017 77193
R%: CO0T93 Othercommurity, socialand persond senvices 317,092.89 241,065.61 2285071 317,284.99 006 319,429.976003 074 2,337.09
RaT. C95Private houscholdsvith erployed persons 5631295 (2435.37) (261374) 56,614.83 054 56,896.737692 104 583.79
R47: LABR Compensation of Employees 2,425,347.90 2,670,192.60 1010 | 244,84470

2005 2009

74



=)

R o

g 3

S m

0 U

s a

5 <

&l ~
Y Y Y ¥ Y
o (=] o o o w
Q =] ] ] Q 3
g 8 8 g§ g8 g
=3 =3 =3 Q =3 3
o o o o [=) [=)
o (=] o o o w
[ n @ 9. &
m ~N o~ L=l Ll
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: M M =mC
Mc37
Mi=m = Mi
Z=D-M D M
My 37 = Vo = Vhew
Mcl
m,;.q m,.3; | 1 :
Mc37
[mrl mr37]
176 3078
1 2009
3316
2448
8684 6000 18
10

Totd Gross Output per Sector TOI.H Output pex Se;mr dte he socks Changes From Scenario O to

Sector vithout the Socks . Base OO0 MOl WregEc 0RO om0 Luith mport+ LeH
oy #Ler @ ol Serrio it mp"mw
Imports and L&H endogenous. *®

R40: Total Imports 320404372 4964,131.79 50.70 1,670,08807
RA7: LABR Compensation of Employees 2,425,347.90 3,810,513.39 57.11 | 1,385,165.48

5,000,000.00 -

4,500,000.00 -

4,000,000.00 -

3,500,000.00 -

3,000,000.00 -

2,500,000.00 -

2,000,000.00 -

1,500,000.00 -

1,000,000.00

500,000.00 -

403,188

R2: C10T14 Mining
and quarrying

R4: C17T19
Textiles, textile
products, leather
and footwear

R9: 25 Rubber R11: C27 Basic R12:C28 R13:C29 R18: C34 Motor
and plastics metals Fabricated metal  Machinery and vehicles, trailers
products. products except equipment n.e.c and semi-trailers
machinery and
equipment

i Total Gross Output per Sector without the Shocks. Base Scenario

R31: C73 Research
and development

RA0: Total Imports

RA47: LABR
Compensation of
Employees

i Changes From Scenario O to 1 with Imports and L&H endogenous
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40 2009
Shock Denomination Hundred millionyen {Millions of Dollars Sector afecting the shock
! Spread of Solar Power Generation qf new gﬁergy and energy-saving 6,081 6246 I3 28 el and eqipnent nac
technology promotion cost for public fecilities
Environmentally friendy vehicles and energy products to disseminge ! . .
R18: C34 Motor vehicles, trailers and semi-trail
2 anti-cost econ and car purchase subsi dy, consumer electronics etc 8,665 8,900 olorveniles rallrsend semrales
Low carbon transportation and logistic equipment, to promote fee-based
3 consolidation, road preparation, low polution cars. Full Development to 298 306 R13: C29Machinery and equipment ne.c
promote.
A Resourge devel opmept promotion measures costs, such asthe 731 751 Rat: C73Research and developrent
promotion of reciclying
Totd 15,775 16,203
5| Research and Techonol ogy Development 1429 1468 Ral: C73 Research and development
Grandtotd 17,204 17,670 R47: LABR Compensation of Employees
1 97.361 2009
4.16% 3.07% 2.7%
16.65 % 10.10% 1.67% 1.52% 1.38%
2
50.70
57%
1 2
/
Samuelson, 1938 GND
1 2
2
2009 GND
3
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10%

2009 GND

2009 2011
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50%

GND



CGE

1 / CGE

GND
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2.6 CGE

1990 2012
CO2 2 2626
12 651 19%
2050
2010
2009 5
CGE
o2
2.6.1
EV( ) PHV(
) 2005 2012
2009 2012 20%
EV PHV 0.7%
1997 2001
56,700 2003 9
2004
EV 2010 4 PHV 2011 11
1997 2003

80

2050

HV(

HV

HV



41 ( )
2005 2006 2007 2008 2009 2010 2011 2012
EV 3 15 62 46] 1625 7070 13217] 16,403
PHV 0 0 0 0 165 214]  3753] 13149
HV 60.871] 88573] 88438 109.739] 452098] 447626] 633417| 857.303
60.874] 88588] 88500 109.785| 453883 454910] 650.387| 886,855
4,755,369] 4557,330] 4,390,344] 3.908,881] 4.175.456] 3.880,266| 4.009,988| 4,439,092
42
2005 2006 2007 2008 2009 2010 2011 2012
EV 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 0.3% 0.4%
PHV 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.3%
HV 1.3% 1.9% 2.0% 2.8%]  10.8%]  115%] 158k  19.3%
1.3% 1.9% 2.0% 286  109%]  11.7%  16.2%]  20.0%
43 44
2012 32%
HV32% PHV63% EVA45% PHV EV
HV 2008 70%
43 ( )
2005 2006 2007 2008 2009 2010 2011 2012
HV 260,653] 333273| 516437] 407.727] 821,946 729682] 1,028.162| 1,244,770
PHV 0 0 0 0 515 251] 8472 35782
EV 1 5 18 26]  1744]  16169] 42,036] 29757
260,654] 333278 516455 407.753] 824,205] 746102 1,078,670 1,310,309
9.154147| 9,787,234] 10,104,399| 8554,399] 7.708.731] 7,741,063] 7.911,073 8,190,914
44
2005 2006 2007 2008 2009 2010 2011 2012
HV 77% 73% 83% 73% 45% 3% 38% 31%
PHV 68% 15% 56% 63%
EV 7% 56% 69% 45%
77% 73% 83% 73% 45% 3% 40% 32%
48% 53% 57% 54% 46% 50% 49% 46%
2.6.2
2009 5 2050
2015
2012
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45 HV 2009 2008
109,739 2009 27%
452,098 2009 4
2010 9
2011 12 2012 9 2011 2012 HV
HV 2013

EV PHV HV
2012 EV PHV

HV
EV PHV

45. HV

1,400,000

1,241,000

1,200,000

1,000,000 854,904

800,000 918,000
941,000

600,000
654,000

400,000 000

200,000 g 57188,573 109,73

198,000
0 88,438 140,000

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

——HV T3] —@—HVEHE

46 PHV

100,000 88,500
90,000
80,000
70,000
60,000
50,000
40,000
30,000
20,000
10,000

2009 2010 2011 2012 2013 2014 2015

—%=PHV Tl —8—PHV3E#
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250,000

47

EV

202,000

200,000
150,000
100,000
50,000
2,500
’ 2009 2010 ISSiiS Do 2013 2014 2015
—»—EV T —e—EVEiR
2.6.3
2009
50%
S 243
104,100 22,500 19,500 146,100
2009 4 2010 9 2011 12
9 10
13
25 12 5
10 7
HV
EV PHV
2009
S 299 78
165,100 204 PHV
45 2013 35 E
340 35 175,600 287
EV PHV
47
EV
23
EV

83
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EV

30
1600
2012
1,004
48 (2004 )
71 181 19 90
19 81 18 72 41 55
23 86 17 24
26 118 34 112 13 33
32 93 21 9 37
21 77 75 261
46 117 85 576 16 30
23 103 30 70 46 150
50 129 21 102 23 55
36 75 39 184
94 60 322 21 125
66 181 16
122 205 7 46 21
156 366 16 29 15 81
47 74 33 55 28 34
22 1602] 4405
49 (1996 2011 )

-31%

-39%

-40%

-28%

-37%

-40%

-38%

-28%

-38%

-40%

-29%

-34%

-26%

-34%

-38%

-40%

-37%

-33%

-30%

-42%

-36%

-31%

-34%

~44%

-36%

-40%

-39%

-35%

-42%

-30%

-37%

-47%

-39%

-38%

-34%

-32%

-50%

-41%

-34%

-41%

-36%

-31%

-27%

-35%

-22%

-32%

-35%

-37%
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EV

1
41 1
EV
2.6.4
CGE
Forward Looking
Ramey

EV

*% Ramsey (1928)

49

1996 2011

10 20 1

EV

EV

2011

CGE

Forward Looking CGE

23
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Nordhaus(1994) DICE Manne, Mendelsohn and Richels (1995)
2200

max i(ij u(C,, Les,)

Cieles 5\ 1+ p
st. Y, = f(K.,L)
I, =Y, -C,
Ko, =1, +@-0)K,
L, = D, — Les,

D,., = (@+n)D,

24

Y

(ﬁjtu(ct, Les,)+ 4 (f(K,,L)-1,-C,)

+ /lz(lt—l + (1_ 5)Kt—l - Kt)+ /13(|t + (1_ 5)Kt - Kt+l)
+ /14(Lt o LESt)

oV :( 1 jt au(Ct,Lest)_ﬂi:O

oc, \1+p ac,

t
ok 4 _( 1 jau(ct,Lest)_/M:O

oles, (1+p dles,
o g af (K., L,)

= — A, +A,(1-5)=0 5
KA e Ak-9) ®)
o
—=-4+4=0
a A+

A=P, L=pk, A=pk,,

* Lau, M.1., A. Pahlke and T.F. Rutherford (2002)
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MERGE
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Les,
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1+p oC,

( 1 jt au(C,, Les,)
Py =

of (K.,
pkt = (1_ §)pkt+l + P % = (1_ §)pkt+l + ptrkt

t

pt = pkt+l

P, Pk, rk,

pkt :i:(l_é‘)j pt+jrkt+j

Mathiesen(1987), Lau, Pahlke and Rutherford (2002) Paltsev (2004)
CGE (i)
(iii) 3 %
(i)
c(rk,w)=p, L Y, >0

pt 2 pkt+l J— It ZO

pk. >(1-8)pk.,+rk, L K =0
(i)
Y,>C,+1, L p =0

K, ZY‘% 1 o1k 20
t
ac(rk,,w,)

oW,

L >Y, 1 w, =0

(iii)

25

)

)

)

®

(10)

(11)

(12)

(13)

(14)

(15)

(16)

Rutherford (1999) MPSGE(Mathematical Programming System for General Equilibrium Analysis)

87

(i)

GAMS (The General Algebraic Modeling System)



M = pkoKo+ > wL, (17)

t=0
c(rk,,w,) W, M

c(rk,,w,) = minrk K, +wl, st f(K,L)=1 (18)
(11) 27)

[ J

[ J

[ J

[ J

Forward Looking CGE
CGE
HV PHV EV 4 4 2
HV
EV
PHV HV EV
2
CGE
?°CGE 2005 HV
PHV EV CGE

Boehringer (1998) Boehringer and Rutherford (2008)
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HV PHV EV
2
HV PHV EV PHV EV
HV PHV
50
agr cns
chm wits
f_f trd
mtl fin
ome rts
ele owts
auto ots
hv HV cmn
phv PHV er
ev EV bsrv
ote psrv
omf gsrv
HV PHV EV
26

CGE 2005

2005 2020 15 2
HV PHV EV
2008 27
% 2013
o 52 53 CGE
%2009 4 2010 9
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EV
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2005
2009



1)
@
©)

2013

16.0%

14.0%

12.0%

10.0%

8.0%

6.0%

4.0%

2.0%

0.0%

0.25%

0.20%

0.15%

0.10%

0.05%

0.00%

2009 HV
PHV EV

HV

2009 2012

2020

51 HV

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

= N =T ] = RX—25A 1

52 PHV

it
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

== RN—25M ] =R —251 1
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53 EV

0.35%

0.30% - - =

0.25%

0.20%

0.15%

0.10%

0.05%

0.00% =
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

MmN =25 ] el RX—25 1

2.6.5
CGE
CGE
2020 HV
14.2.% 27.5% PHV
0.95% EV 0.32% 1.43% 2020
2009 2012 2020
2020
HV 35% PHV 10% EV 5%
EV 23
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0.21%

PHV



2020 6 PHV 10%
EV 5%
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30.0%

25.0%

20.0%

15.0%

10.0%

5.0%

0.0%

1.20%

1.00%

0.80%

0.60%

0.40%

0.20%

0.00%

1.60%

1.40%

1.20%

1.00%

0.80%

0.60%

0.40%

0.20%

0.00%

54 HV

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

=N =25 T H )

55 PHV

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

e N =25 [ TR F )

56 EV

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

——= =25 ——ER T

93



GDP

2020

GDP

640
620
600
580
560
540
520

500

GDP 621

57 GDP

632 11

632

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

EV

EKESE-BERG
i AR RS
{EZ28S

ey s
EEREL

— AR
EHETE

= D fthéax s
Z D ithElysse
fESLES

B

K8

ED- /N3y

=&

BER=EETPES

EER pE

Z O fthémx
1EHBE(E

B g =5 A e B
TFEFES —E R
SHEAAST —E R

L3FF

-1.0%

-0.1% =

0.0%

0.0%

——~—2511

PHV

58

s ] 8%
] 59,

mmnmmmmmm——— ] 6%

—=EROFUF

4.5%

6.7%

7.0%

4.3%
3.1%

s 2 0%
jmummm 0.7%
s 1.6%
mmmmmmnm 1.4%
w1 .2%
s 2 0%
mnmmmmmnn 1.3%
S 2 4%
s 1 . 8%
m——— 2 2%

] 2%

1.0% 2.0%
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3.0%

3.3%

40% 50% 60% 7.0% 8.0%

GDP



59

1 3,760

PHV

245
240
235
230
225
220
215

210

1,450
1,400
1,350
1,300
1,250
1,200
1,150
1,100
1,050
1,000

2 3 13
2020
1 4,280 520
GDP
GDP

59

230

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

———25M [ —e=TRFUF

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

——=N—2F( ] —e=TERFUF
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2020

EV
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2 HV PHV

EV
HV 2008 2.8%
2009 10.8%

EV

EV
PHV( )
EV

CGE
2008 2009
HV HV
HV
EV
EV HV HV
1997 EV
EV PHV

GDP
EV
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2.7

GND
GND
GND
2008
Co2
2013
Co2 1.3%
( )
29
GND
GND
PV
GND
2050

2 (Interactive wind project map and Renewable Energy Policy Project

reportby American University)
4500
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GND GND

GND
2010 260 37 2009 2010 160
2009 2010 96 2009 2010
310
CGE
2030 OECD
1
3
30 90
2009 GND
OECD o )
2009 GND
50%
CGE HV
HV EV 4 2020
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HV

HV

EV
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HV

EV
EV

GDP



EV

EPO PATSTAT 2012 4
EV
2010 JPO
2011 USPTO

EV

3.1 —-
EPO World Wide Patent Statistics Database (PATSTAT)

IPC ® Co
occurrence Breschi et al . 2003, Suzuki and K odama 2004
Ward' s method
IPC "B60L"31 PATSTAT

(main technologies)

EV 82 UM

8 EV IPC "B60L"

100



EV

8,885
3.2 EV
62 1980 EV
EV R D
1898
1911
1999
1980
66
1994
1998
1999
40.54% 54.10%
42.32%
1998
1990
2000
33 23

33

1902
1980

1964

2001 2002

1980
SIPO

101

94471

1905

61

1970

16.95%

9,172

1998

1998

11.85%



62.
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64.

JP

L00¢
€00¢
6667
G667 "
1667
1867
€867
6167
G/6T
T.6T
1967
€967
6567
GS6T
TS6T
V6T
v6T
LE6T
CE6T
8¢6T
€¢6T
8167
€167
8067
- €06T

——CN
~#—DE
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EV
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66. (EV )

500
450 f

400 /

350

f ——CN
300 )\ / —8-DE
250 =T
f/ =P

200 -
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100 ’*N
50
0. a0 aun QRGN T WS
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68 EV )
1 38300 4054% 1 4962 54.10%
2 11324 11.99% 2 2048 32.14%
3 11212 11.87% 3 435 4.74%
4 4874 516% 4 278 3.03%
5 4873 5.16% 5 181 1.97%
6 3923 415% 6 154 1.68%
7 3065 3.24% 7 49  0.53%
8 2865 3.03% 8 27 0.29%
9 2835 3.00% 9 25 0.27%
10 1610 1.70% 10 24 0.26%
18 466 0.49% 15 6  0.07%
20 322 0.34%
69 10
1 3760  42.32%
2 1506 16.95%
3 1053  11.85%
4 986  10.10%
5 496 5.58%
6 264 2.97%
7 131 1.47%
8 111 1.25%
9 90 1.01%
10 80 0.90%
11 73 0.82%
13 53 0.60%
15 26 0.29%
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70 UM 10
2
UM UM
1 24695 1 1866 1 28048 1 2905
2 5850 2 1257 2 7529 2 1784
3 5311 3 194 3 6509 3 188
4 3404 4 63 4 3379 4 RU 155
5 3025 5 63 5 3361 5 112
6 2094 6 52 6 1896 6 82
7 1546 7 15 7 1685 7 21
8 1026 8 12 8 1462 8 17
9 958 9 11 9 1398 9 12
10 823 10 AT 10 1090 10 10
17 217 16 17 265 18 2
19 198 19 234
UM UM
1 24695 1 1866 1 5557 1 991
2 5850 2 1257 2 1090 2 123
3 5311 3 194 3 966 3 40
4 3404 4 63 4 457 4 13
5 3025 5 63 5 398 5 5
6 2094 6 52 6 344 6 2
7 1546 7 15 7 286 7 2
8 1026 8 12 8 266 8 2
9 958 9 11 9 249 9 1
10 823 10 AT 7 10 232 10 1
17 217 16 4 13 103
19 198 24 23
UM UM
1 2659 1 1022 1 1512 1 90
2 1677 2 309 2 645 2 55
3 1137 3 118 3 546 3 12
4 838 4 69 4 280 4 3
5 585 5 27 5 239 5 1
6 565 6 7 6 133
7 EP 456 7 ES 707 113
8 320 8 TW 6 8 AU 104
9 294 9 PL 6 9 93
10 AT 207 10 UA 6 10 59
19 52 14 T 117 29
23 27 20 16
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UM
1 2949 1 582
2 590 2 22
3 508 3 14
4 213 4
5 176 5
6 173 6
7 143
8 130
9 AU 110
10 73
12 61
13 60
26 9
3.2EV
EV
IPC (co-occurrence)
(proximal technologies)
71 34

34

EV
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