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Brief Self Introduction
• B.Eng. in Chemical Engineering, University of Tokyo

– Three-Phase Fluidized Beds
• M.S. in Chemical Engineering, California Institute of Technology

– Physical and Chemical Processes of Air Pollution
• Ph.D. in Economics and Policy Studies of Technical Change, MERIT-

UNU/INTECH Program, University of Maastricht, The Netherlands
– Effects of Environmental Regulation on Innovation

• Research Center for Advanced Science and Technology, University of 
Tokyo
– University-Industry-Government Collaboration for Innovation

• National Institute of Science and Technology Policy (NISTEP), Japanese 
Ministry of Education, Culture, Sports, Science and Technology
– Science, Technology and Innovation Policy

• Graduate Program in Sustainability Science and Graduate School of 
Public Policy, University of Tokyo
– Public Policy, Corporate Strategy and Institutional Design for Promoting 

Innovation for Global Sustainability
• Department of Science, Technology, Engineering and Public Policy 

(STEaPP), University College London (UCL)
– Mobilization of Science, Technology, and Engineering Knowledge in Public 

Decision Making on International Environmental Issues, including Air Pollution 
in East Asia
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サステイナビリティに向けた国際的な動向

• 生物多様性：愛知目標（2010年）、生物多様性及び生態
系サービスに関する政府間科学・政策プラットフォーム
IPBES（2012年4月）、作業計画2014-2018

• 防災（災害リスク削減）：仙台枠組2015-2030（2015年3月）

• 開発に向けたファイナンス：アディス・アベバ行動目標
（2015年7月）

• ポスト2015年開発アジェンダ：持続可能な開発目標
(SDGs)（2015年9月、国連総会）

• 気候変動：COP21 パリ協定（2015年12月）

• 金融安定理事会 (FSB) Phase I Report of the Task Force on 
Climate-Related Financial Disclosures（2016年3月）

• 世界人道サミット（2016年5月、イスタンブール）
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https://sustainabledevelopment.un.org/post2015/transformingourworld


Sustainability: Integration of Ecological, Economic, and 
Social Dimensions

Voinov (2008)5



Earth’s Life Support System, Economy, and Society for 
Sustainability

Griggs, et al. (2013) 6



Planetary Boundaries: Non-linearity & Irreversibility

7Steffen, Grinevald, Crutzen and McNeill (2011)
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Grand Challenges for Global Sustainability

• Improvement on forecasts

• Integration of observations

• Management of disruptive change

• Determination of institutional changes

• Encouragement of innovation

• Better integration of social science research 
required for progress in understanding and 
addressing global sustainability
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IPCC AR5 Synthesis Report

Intergovernmental Panel on Climate 

Change (IPCC) Fifth Assessment Report

Synthesis Report
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14UNEP Financial Initiative (2012)
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(2012)
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Sustainability as a Balance between Efficiency and Resilience 

•Diversity: Existence of different types of agents acting as nodes in network

•Interconnectivity: Number of pathways between agent
Lietaer, Ulanowicz, and  Goerner (2009)
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Kharrazi, Sato, Yarime, Nakayama, Yu, and Kraines 

(2015)



Climate Related Risks

23Hjort (2016)
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OECD (2015)
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サステイナビリティに向けた課題

• 持続可能性に関わる多様な側面の複雑な相互依存性
• 環境影響の非線形性、不確実性、不可逆性、不均一性
• 気候変動、災害リスクの統合化

• 経済活動のグローバル化による貿易・投資関係の複雑化
と潜在的な脆弱性

• サプライチェーン全体を通じたリスク・マネジメント
• レジリエンスに向けた投資

– 事後的な対応・回復から、事前の準備・予防への投資

• 多様なステークホルダーとの対話と連携
– コミュニティ、国、グローバル
– セクター

• 長期的観点から多面的な情報の開示・評価

26



気候変動：COP21 パリ協定

• 世界共通の長期目標としての２℃目標、１．
５℃への言及

• 全ての国が削減目標を５年ごとに提出・更新、
実施状況の報告、レビュー

• JCMを含む市場メカニズムの活用

• 適応の長期目標の設定、各国の適応計画プ
ロセスと行動の実施

• イノベーションの重要性
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UNFCCC Synthesis report on the aggregate effect of the intended nationally determined contributions (October 2015)

2025年時点で約90億トンCO2、2030年時点で約150億トンCO2のギャップ
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2025年及び2030年における各国約束草案 (INDC) に基づく世界排出量と
気候変動2度以内抑制目標のギャップ



Critical Role of Innovation for Tackling Climate Change

• Paris Agreement Article 10-5 

• Accelerating, encouraging and enabling innovation is critical 
for an effective, long-term global response to climate change 
and promoting economic growth and sustainable development.
Such effort shall be, as appropriate, supported, including by the 
Technology Mechanism and, through financial means, by the 
Financial Mechanism of the Convention, for collaborative 
approaches to research and development, and facilitating 
access to technology, in particular for early stages of the 
technology cycle, to developing country Parties.

29



Innovation for Climate Change Mitigation

• Stern Review on the Economics of Climate 
Change (2007)

• Accelerating technological innovation as a key 
component of policies to deliver timely, 
effective and economically efficient climate 
change mitigation
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Three Approaches to Accelerating Innovation

Theoretical Framing Policy Area Example Policy

Neo-classical economic 
approach

Carbon pricing Taxes, Emissions
Trading Scheme (ETS)

Innovation systems 
approach

Support for R&D, 
demonstration projects and 
early commercialization of 
clean technologies

Feed-in tariffs for
renewable energy
technologies (e.g., 
Germany, Spain, Japan)

Behavioral economics, 
Innovation 
management

Overcoming institutional 
and non-market barriers
to deployment
(Demand side)

Incentives to take up
(cost effective)
energy efficiency
improvements
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Experience of Emission Trading in Europe

• Oversupply of emissions permits in the first phase 
of the European ETS leading to a collapse in the 
trading price, reducing the incentive for 
emissions reductions

• Economic recession leading to a further drop in 
the carbon trading price in phase two of the ETS

• Incentives for the deployment of renewable 
energy technologies having only led to relatively 
modest increases in the take-up of these 
technologies (Stenzel and Frenzel, 2007)
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Systems Approach to Encouraging Innovation

• Neo-classical Economic Approach

– Market failures as the main obstacle

– Getting the prices right (with taxes and subsidies) and 
public R&D subsidies to compensate for the private 
under investments in R&D as proposed solutions

• Systems Approaches to Innovation

– Socio-technical configurations of actors, institutions, 
physical infrastructures and their relations

– Many other system failures discouraging the prompt 
development and diffusion of innovations
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Types of Innovation Systems

• System of importing, improving, developing 
and diffusing new technologies, products and 
processes

• National/regional innovation systems

– U.S., Germany, U.K., Japan, China, Malaysia,

• Sectoral innovation systems

– Industrial sectors

– Chemical, materials, automobile, 
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The National Innovation System

• Central Role of R&D

• Government-University Axis

• University-Business Axis

• Government-Business Axis

35



Sectoral Systems of Innovation

• Knowledge Base

– Specificities of scientific and technological 
knowledge domains

• Actors and Networks

– Heterogeneity, linkages, and interactions

• Institutions

– Norms, practices, rules, standards, laws, 
regulations, public policies
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Innovation as a Co-Evolutionary Process of Technological 
and Institutional Developments

• Knowledge at the base of innovative activities 
changes over time and affects the boundaries and 
structure of sectoral innovation systems.

• Actors and networks are highly affected by the 
characteristics of and changes in the knowledge base 
with significant differences across sectoral systems.

• Changes in the knowledge base or in demand affect 
the characteristics of the actors, the organization of 
research and development (R&D) and of the 
innovative process, the type of networks and the 
structure of the market and the relevant institutions

• These variables in turn lead to further modifications 
in the technology, the knowledge base, and demand.
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Diverging Impacts of Environmental Regulations on 
Innovation in the Chlor-Alkali Industry in Japan and Europe

 

Uncertainty concerning the 

mechanism and impact of 

mercury emissions on the 

environment Requirement for phase-out 

of the mercury process 

Japan Europe 

Standards for mercury emissions 

from the mercury process 

R&D on clean technologies 

(diaphragm process and ion 

exchange membrane process) 

R&D on end-of-pipe 

technologies for abatement 

of mercury emissions 

Adoption of end-of-pipe 

technologies 

Rigid and short-term 

schedule for the phase out 

of the mercury process 

Interruption and 

postponement of the 

phase-out mandate 

Premature choice 

of the diaphragm 

process 

Further investment in 

plants based on the 

mercury process 

Diffusion of the ion 

exchange membrane 

process 

Continuing use of the 

mercury process until the 

end of plant lifetime 

Costly shift Slow shift 

Insufficient time and 

opportunities for R&D 

and learning 

Technological progress 

in the ion exchange 

membrane process 

Dominant use of the mercury process in 

Japan and Europe 

Yarime (2007)
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Effects of Deployment Policies on Technological 

Exploration and Exploitation in Photovoltaics

40
(Hoppmann, Peters, Schneider & Hoffmann, 2013)
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Recent Trends in Science, Technology & Innovation Policy 1

• Stagnation of Economic Growth
– Since the oil crises in the 1970s, particularly industrialized 

countries

• Increasing Importance of Knowledge in Economic Growth
– Endogenous Growth Models (Paul Romer)
– Knowledge-Based Economies, OECD

• New Industrial Policy
– Integration of Science, Technology, and Innovation Policy with 

Economic Policy

• Emphasis on Intellectual Property Rights
– US Bayh-Dole Act (1980)
– Allows universities to apply for patents based on the results of 

scientific research activities funded by the federal government, 
with similar legislation subsequently enacted in other 
industrialized countries

• Promotion of University-Industry-Government 
Collaboration
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Recent Trends in Science, Technology & Innovation Policy 2

• Increasing Expectations to Address Societal/Grand Challenges
– Environmental protection, energy security, public health, etc.
– Global issues, requiring international coordination and harmonization

• Transformation of Society
– Social innovation
– Inclusive innovation

• European Union: Horizon 2020
• OECD Innovation Strategy (2010)

– Applying innovation to address global and social challenges
– Contemporary world’s societies facing severe economic and social 

challenges
– Many of challenges global in nature (climate change) or requiring 

global action (Health, food security, clean water)
– Technological cooperation, predictable policy regime and long term 

incentives, new financing mechanism, flexible policy, effective policy 
mix

• OECD Green Growth Strategy (2010)
– Remove barriers to green growth, support the transition, green job 

and skill development, strengthen international cooperation 43



Relative Weight of R&D Performed by 
Governments vs. Universities
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Source: OECD (2007)
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Collaboration Network between Core Researchers, 
Industry, and Public Institutes on Photocatalyst (2002)
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Red: Firm

Blue: University

Green: Public 
Institute



Innovation System of New Materials with 
Implications for Environmental Applications

• University scientists functioning as a hub of networks 
of the science and technology community and 
promoting growth in the number and variety of 
participants in the community (open university/public 
institute <-> private company)

• Importance of maintaining solid scientific capability at 
university

• Institutional flexibility and mobility of researchers for 
changing research agenda

• Neutral position of university researchers for 
establishing impartial technical assessments and 
standards
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Innovation System of New Materials with 
Implications for Environmental Applications

• Firms working closely with university successful in 
developing and commercializing products

• Successful cases of applying new materials in fields 
where collaborating firms have prior knowledge on 
user needs

• Firms with previous experiences of commercializing 
products move into applications for social objectives, 
including environmental protection

• Public sector working as a bridge in developing 
technologies for environmental protection
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World Primary Energy Demand by Region

49
OECD/IEA (2010)



Emissions burden moves over time

Past emissions are important, although the source of emissions 
shifts with changes in the global economy

Cumulative energy-related CO2 emissions by region

Gt 500

400

2015-2040

1890-2014

200

100

300

United 

States

European 

Union

China Russia Japan India Africa

© OECD/IEA 2015



Population without Access to Electricity in Rural and Urban 
Areas (in million)

OECD/IEA (2010)
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Sustainable Development Goal 7: Energy

• 7.1 By 2030, ensure universal access to affordable, reliable 
and modern energy services

• 7.2 By 2030, increase substantially the share of renewable 
energy in the global energy mix 

• 7.3 By 2030, double the global rate of improvement in energy 
efficiency 

• 7.a By 2030, enhance international cooperation to facilitate 
access to clean energy research and technology, including 
renewable energy, energy efficiency and advanced and 
cleaner fossil-fuel technology, and promote investment in 
energy infrastructure and clean energy technology 

• 7.b By 2030, expand infrastructure and upgrade technology 
for supplying modern and sustainable energy services for all 
in developing countries, in particular least developed 
countries, small island developing States, and land-locked 
developing countries, in accordance with their respective 
programmes of support
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Increasing Developing Countries’ Share in Global Investment
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Growing Investment in China, Slow in India, Middle East & Africa
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Asset Finance of Renewable Energy Assets and Small 
Distributed Capacity (2013)
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Inventor Countries for Climate Change Mitigation 
(2000-2005)

56Dechezleprêtre, Glachant, Hascic, Johnstone, Ménière (2011)



Rate of Export of Inventions by Inventor Country
(2000-2005)

57Dechezleprêtre, Glachant, Hascic, Johnstone, Ménière (2011)
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59Bai, Shi & Liu (2014)



60Bai, Shi & Liu (2014)
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