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Preface 
 
 What is RD20: Research and Development 20 for clean energy technologies  

Breakthrough innovation is key for achieving virtuous cycle of environment and growth 
by developing new technology solutions for energy transitions. For breakthrough 
innovations, it is important to make the best use of world-leading expertise and 
knowledge. Ideas and experiences associated with such global expertise and knowledge 
are expected to be a catalyst to produce concrete actions for promoting innovation. 

G20 members, which account for a major portion of the global CO2 emissions, are 
expected to play a leadership role by leading the innovation and development of clean 
energy technologies for promoting energy transitions. In particular, leading R&D 
institutes from G20 members, which carry out the world's cutting-edge technological 
development in the clean energy field, could play a significant role in maximizing the 
global potential of innovation by developing research alliances among the members, 
thereby accelerating international collaborations including joint R&D activities. Within this 
context, at the Davos meeting in January 2019, Prime Minister ABE Shinzo announced 
his initiative to invite topmost experts from G20 member countries to combine forces in 
accelerating innovation in the context of climate change. 

In line with the government initiative, the international conference “Research and 
Development 20 for clean energy technologies (RD20)” has been held since 2019 by 
gathering together the heads of leading R&D institutes from G20 members. The RD20 
will provide participants an opportunity for exchanging R&D activities and experiences, 
best practices and ideas related to current and emerging issues associated with clean 
energy technologies in their respective countries, and to explore the potential for 
international collaboration including joint R&D projects among leading R&D institutes. 

 
 What is Now & Future  

In accordance with the Leaders’ Summary adopted at the 2nd RD20, AIST1) compiled  
the abstracts submitted by the participating institutions, as well as the results of a survey2 
of participating research institutes regarding priority areas of research and development, 
in “Now & Future 2020”. We hope that it will be utilized for creating and promoting new 
international collaboration within the framework of RD20. 

1) AIST: The National Institute of Advanced Industrial Science and Technology. The host of the RD20. 

2) The results of the survey were summarized by research areas, basic research/demonstration, and timeline. (See 

section 4.2) 
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1. Messages



KAJIYAMA Hiroshi  

Minister of Economy, Trade and Industry 

I was very much looking forward to meeting the leaders of research 

institutes at the 2nd RD20. However, it is my great regret that, physically, 

we cannot welcome you to Tokyo due to COVID-19. 

This year’s RD20 is 100% online, and I would like to welcome all of 

you who have participated in this conference despite the time 

differences. I am also grateful for the hard work by our host, the National 

Institute of Advanced Industrial Science and Technology (AIST), and 

other persons and organizations involved. 

We are at a very important time to contain COVID-19 and recover the economy. However, at the 

same time, we have to work on climate change issues for the mid- to long-term horizon. Although it is 

very complex and challenging, I personally think this is a very good opportunity for Japan to recover 

its economy as well as revitalize society.  

We can really accelerate our efforts on the issues related to climate change. We can play a leadership 

role towards decarbonization. We are currently working on “Beyond Zero.” We are even aiming to 

reduce CO2, which has increased since the industrial revolution. We will also be pursuing a virtuous 

cycle of environment and growth.  

To realize “Beyond Zero,” we have to work not just on technology, but on producing commercial 

products to really enhance technology usage in society. For example, both the technology to separate 

and collect CO2 and to create CO2-derived concrete products are already available. I think that how 

we integrate these technologies and create the market for them will be the key to enhance technology 

usage in society.  

Meanwhile, by grasping global trends, publicizing Japan’s endeavors, and so on, it is important to 

rase public awareness about climate change. For about a week starting October 7, we have set up 

“Tokyo Beyond Zero Week,” so that we can enhance and deepen discussions about energy and 

environment.  
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We are holding six different conferences, including RD20, the Innovation for Cool Earth Forum 

(ICEF), which has been discussing the “beyond zero” concept, and the TCFD (Task Force on Climate-

related Financial Disclosures) summit, which has been discussing fund mobilization for realizing 

innovation. We will also hold the Hydrogen Energy Ministerial Meeting, the International Conference 

on Carbon Recycling, and the LNG producer-consumer conference, in order to discuss hydrogen 

society, carbon recycling, and decarbonization of liquified natural gas (LNG), respectively.  

In the 2nd RD20, we have invited leaders from institutes with a total of around 120,000 researchers 

from 20 different countries, so this represents the intelligence and wisdom of the world. I am sure that 

this conference is going to accelerate innovation through the collaboration of those intelligence and 

wisdom.  

Just the other day, I had the opportunity to speak with Dr. Yoshino, head of the AIST GZR (Global 

Zero Emission Research Center). He mentioned that, “We now have a good amount of environment-

related technological elements, and it is, therefore, essential to combine them with AI, 5G and IoT 

toward realizing a sustainable society. Combine the excellent research ideas that only 1 in 10,000 

people can come up with, and you have a tremendously rare and unique idea.” It is important to keep 

creating those unique ideas toward finding solutions for climate change.  

We will be discussing this together and collaborating among researchers around the world using 

the network of institution leaders, and also through networking among the researchers themselves. I 

hope RD20 is going to enhance collaboration amongst ourselves. 
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MITANI Hidehiro 
Parliamentary Vice-Minister of Education, Culture, Sports, Science and Technology 

On behalf of the Ministry of Education, Culture, Sports, Science 
and Technology (MEXT), I would like to express how pleased I am to 
be able to co-host the RD20, where leaders from flagship research 
institutions around the world have discussions in the field of clean 
energy. 

As the world’s economies recover from the COVID-19 pandemic, 
the concept of a “Green Recovery” is gaining momentum, and it is 
becoming increasingly important to improve scientific knowledge, which will form the basis for 
discussions on tackling climate change. I hope that collaborations among research institutions will be 
further promoted to demonstrate the power of science to achieve sustainable societies, including 
developing both infection control and climate change countermeasures. 
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MIYAZAKI Masaru 

Parliamentary Vice-Minister of the Environment 

I would like to extend my greetings on the occasion of the 2nd RD20. 

RD20 was established as a Japanese initiative through the “G20 

Ministerial Meeting on Energy Transitions and Global Environment for 

Sustainable Growth” in June last year. 

While the world economy is being hit hard by the novel coronavirus 

pandemic, Japan held an online ministerial meeting of the "Online 

Platform" on a Sustainable and Resilient Recovery from COVID-19 this 

September. At this ministerial meeting, we discussed the technological innovations including zero-

emission technology and major changes in lifestyle as necessary elements in redesigning our socio-

economic systems. 

Japan emphasized in this meeting the efforts toward decarbonization, such as a drastic revision of 

its policy on export of coal-fired power plants and “zero-carbon cities.” 

Realization of a hydrogen society, floating offshore wind turbines, CCUS (Carbon dioxide 

Capture, Utilization and Storage), cellulose nanofibers (CNF) and gallium nitride (GaN) are some of 

the concrete examples of innovations in Japan. Also, as a direct response to the coronavirus 

pandemic, we will promote the realization of zero-emission data centers that responds to the increase 

in information communication volume and the shift to EV in the logistics field. 

We hope that this RD20 will help expand the cycle of producing innovation toward the vigorous 

recovery of the world economy. 
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ISHIMURA Kazuhiko 

RD20 Chair (President of AIST) 

Science and technology, which has developed along with us, has 

given rise to enumerable wealth and prosperity. Recent years have seen 

tremendous developments in the information field, such as AI, IoT and 

5G. Through their integration, social infrastructures have become 

increasingly sophisticated. On the other hand, science and technology has 

also caused environmental issues such as global warming. To solve such 

large-scale and complex issues, international, interdisciplinary 

collaboration is imperative. 

Under these circumstances, “RD20：Research and Development 20 for clean energy 

technologies,” aimed at collaboration among G20 research institutions on clean energy technologies, 

was begun in 2019. In light of the COVID-19 pandemic, the conference this year will be held online. 

Regardless of how and where the conference is held, with a view to achieving sustainable recovery 

both during and after pandemic of COVID-19, expectations toward clean energy and the momentum 

for holding the conference are heightened more than before. 

Dr. YOSHINO Akira, Director of the Global Zero Emission Research Center, National Institute 

of Advanced Industrial Science and Technology (AIST-GZR), and winner of the 2019 Nobel Prize in 

Chemistry, opened up possibilities for resolving global issues through the development of the 

secondary lithium ion battery. He will be one of our key speakers in both the technical and leaders’ 

sessions this year. A Summary of opinions by each of the participating institutes will also be given. I 

hope that this year’s RD20, in conjunction with ICEF, the TCFD Summit, etc., will serve as an 

opportunity for furthering international collaboration toward resolving environmental issues. 

Finally, I would like to conclude by expressing my heartfelt gratitude to the representatives of 

research institutions from G20 member countries, the speakers, and last, but not least, respective 

governments of G20 member countries for their support. 
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2. Technical Sessions



(1) Program

September 29th  18:00 – 19:30 (JST, UTC+9) 
 Theme1: Renewable Energy

September 30th  12:00 – 13:30 (JST, UTC+9) 

 Theme2: Next Generation Energy Management System with Batteries

October 1st  20:00 – 21:30 (JST, UTC+9) 

 Theme3: Hydrogen

October 2nd  20:00 – 21:30 (JST, UTC+9) 

 Theme4: CCUS

Moderator: Mr. Martin Tengler (Lead Hydrogen Analyst, BloombergNEF)

Moderator: Dr. SAKAEBE Hikari (Chief Senior Researcher, AIST)

Moderator: Prof. MATSUMOTO Mayumi (Visiting Associate-Professor, the Univ. of Tokyo)
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(2) Speakers

◆ Theme 1 : Renewable Energy

Mayumi Matsumoto 

Mayumi Matsumoto is Visiting Associate Professor, Special Division of 

Environmental and Energy Science, Komaba Organization for Educational 

Excellence at the University of Tokyo. She teaches cou「ses on world renewable 

energy policies. She graduated from Sophia University with major in comparative 

culture, foreign language faculty in 1988. She worked as a news anchor at TV 

Asahi and NHK BS1. She has started research activities as a Researcher at 

Research Center for Advanced Science and Technology, the University of Tokyo 

since 2008, and she has been Visiting Associate Professor since 2014. She has 

also been the Director of International Environmental Economic Institute (IEEI) 

and the Director of Japan Council of Renewable Energy (JCRE). 
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Dr. Dolf Gielen 
Director, Innovation and Technology 
International Renewable Energy Agency (IRENA) 

As director of the IRENA Innovation and Technology Centre in Bonn since 2011, 
Dolf Gielen oversees the agency's work on advising member countries on energy 
scenarios and planning, power sector transformation, cost and markets, 
technology status and innovation outlooks. 
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Prof. Henry J. Snaith 

Professor Henry J. Snaith is a Physicist working on new materials and 
devices for photovoltaic solar energy conversion. Snaith received his 
MSc. in Physics in 2001 from the University of Bristol, UK, and his PhD 
in Physics in 2005, at the University of Cambridge (UK). He was post-
doc (2005 to 2006), at Ecole Polytechnique Federal de Lausanne 
(Switzerland), and commenced his Faculty position at the University 
of Oxford (UK) in 2007, where he leads the Photovoltaic and 
Optoelectronic Device Group. Snaith is also co-founder and Chief 
Scientific Offer of Oxford PV ltd, a company commercializing 
perovskite PV.   
His multidisciplinary work spans activities from new materials 
discovery and synthesis, through device optimization and physical 
characterization to fundamental spectroscopic and theoretical 
investigations. For the last ten years, he has pioneered the 
development of metal halide perovskite semiconductors for PV and 
other optoelectronic applications. 
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My profile 

Stefan Nowak 

• Managing Director NET Nowak Energy & Technology Ltd.

• Chair IEA PVPS

• Studied experimental physics at Fribourg University, Switzerland

• PhD in thermonuclear fusion at EPFL and Fribourg University, Switzerland

• Post-Doc at Technical University Eindhoven, The Netherlands

• 1993 - 2018: Programme Manager of Swiss Photovoltaic RTD Programme

• 1997: Foundation of NET Nowak Energy & Technology Ltd.

• Consultancy in renewable energy, energy efficiency and resource efficiency

• Project coordinator of several large international projects and platforms

• Advisor to various national and international organisations

• 2017: European Becquerel Prize Winner

S
d
>
d

11



12



◆ Theme 2: Next Generation Energy Management System with Batteries

Dr. Hikari SAKAEBE 

Chief Senior Researcher 

Research Institute of Electrochemical Energy (RIECEN), 

Department of Energy and Environment, 

National Institute of Advanced Industrial Science 

and Technology (AIST) 

Dr. Hikari SAKAEBE received her BSc from Faculty of Engineering, Kyoto 

University in 1989, and her M.Sc. in 1991 and Dr. Eng. in 1996 from Graduate 

School of Engineering, Kyoto University. After joining Osaka National Research 

Institute (present AIST) as a researcher in 1991, she was promoted to Chief 

Senior Research Scientist in 2013. She led one group of national project on 

batteries, R&D Initiative for Scientific Innovation of New Generation Battery 

(RISING) up to the end of March 2016 and is still working as a group leader in 

RISING2. She has worked on new battery systems, new materials for LIB 

(anode, cathode and electrolyte), and precise study of degradation mechanism of 

batteries. 
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Dr. YOSHINO Akira 

Director, Global Zero Emission Research Center(GZR), 
National Institute of Advanced Industrial Science and 
Technology （AIST ） 

Short biography 
Dr. Yoshino, a native of Japan, was born on January 30, 1948, and earned a B.S. and M.S. in 
engineering from the Department of Petroleum Chemistry at Kyoto University in 1970 and 
1972, respectively. In 1972, he joined the research organization of Asahi Kasei Corp. in 
Kawasaki, Kanagawa, Japan, where he engaged in research on functional polymers and 
electronic materials. In 1981, he started a research effort on high-energy-density secondary 
batteries. In 1985, he invented a new battery system of C/LiCoO2, which would become 
known as the lithium-ion battery (LIB). He also developed a range of basic technologies 
required to make the LIB practical, such as methods to fabricate electrodes using metal foil 
current collectors, microporous separators made of polyethylene, carbonate-based 
electrolytes, safety devices, and charging methods.In 1992 he moved to A&T Battery Corp., 
a joint venture between Asahi Kasei and Toshiba for commercial LIB manufacture. In 1996, 
he returned to Asahi Kasei and continued further LIB research. 
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Dr. Anthony K. Burrell 

BIOGRAPHY 
Anthony K. Burrell received a Ph.D. in chemistry in 1990 from the University of 
Auckland, New Zealand.  He was a postdoctoral fellow at the University of Texas, 
Austin (1991-1992) before joining Los Alamos National Laboratory as a Directors 
Fellow in 1992. He then moved to the Chemistry Department at Massey University, 
New Zealand and 1994 and was awarded the Chair of Synthetic Chemistry in 1998. 
In 2001 he returned to LANL as a Scientist where he established new programs in 
materials chemistry.  In 2011 he moved to Argonne National Laboratory where he 
was the Head of Department for the CSE Electrochemical Energy Storage 
Department and a PI in the Joint Center for Energy storage Research (JCESR).  In 
2016 he joined the National Renewable Energy Laboratory as The Energy Storage 
Lead.  He has authored over 230 publications in refereed journals and has 42 issued 
US patents.  
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Dr. Zhi Sun is a technical senior expert for critical raw materials recycling and 
cleaner production. He has lead more than 40 R&D funded projects, with 10 
scientific and technological awards. He holds around 50 patents and has 
been working closely with industrial partners with a number of technologies 
being used. He is both members of China Solid State Lighting Alliance 
Standardization Committee and China Standardization Committee (TC294), 
as well as the vice director of spent battery recycling working group under 
SAC/TC297/SC4. He is corresponding author & co-author in 150 research 
papers, 3 books, 7 book chapters (6 of which are ESI highly cited papers). 
His research interests include: WEEE and spent battery recycling, criticality 
analyses of metal supply and cleaner production of critical raw materials.  

Zhi Sun 

E-mail: sunzhi@ipe.ac.cn;
Full Professor of Metal Recycling
Deputy Director of Research Centre for Process
Pollution Control and Environmental Engineering
Deputy Director of Strategy Research Center of
Resource and Environmental Safety
Institute of Process Engineering, Chinese Academy
of Sciences, Beijing, China
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Jinghua Guo, PhD, Senior Scientist 

Contact Information 

Address: Lawrence Berkeley National 
Laboratory 
1 Cyclotron Road 
Berkeley, CA, 94720 

Education and Training 

• PhD, Uppsala University, Physics, 1995

Phone: (510) 495-2230 
Email: jguo@lbl.gov 

• MS, Shanghai Institute of Optics and Fine Mechanics, Physics, 1988
• BS, Zhejiang University, Engineering, 1985

Research and Professional Experience 

Dr. GUO has 30 years of experience in X-ray phone science research and applications, and made 
innovative developments on in-situ/operando soft X-ray spectroscopy capability including X-ray 
absorption spectroscopy (XAS) and resonant inelastic X-ray scattering (RIXS), and applied in the 
research of Energy Materials, Catalysis and Chemical Science, characterization of electrode 
materials, electrolytes and interfacial phenomena of Liーion, Mg-ion and Li-S batteries and 
electrochemical processes in general; has collaborated with JCESR's research group on Li-ion 
and Mg-ion battery research in the last 5 years. 

Professional Experience 

o Chair, Science Thrust Area: Chemical Transformation, Advanced Light Source, Lawrence Berkeley
National Laboratory (2018 -)

o Lead, RIXS Program of Photon Science Operation, Advanced Light Source, Lawrence Berkeley
National Laboratory (2018 -)

o Senior Scientist, Advanced Light Source, Lawrence Berkeley National Laboratory (2014 -)
o Lead, Topical Area Group of Energy and Catalysis at the Advanced Light Source, Lawrence Berkeley

National Laboratory (2014 - 2018)
o Adjunct Professor, Department of Chemistry and Biochemistry, University of California, Santa Cruz

(2012 - present)
o Staff Scientist, Advanced Light Source, Lawrence Berkeley National Laboratory (2004-2014)
o Research Scientist, Advanced Light Source, Lawrence Berkeley National Laboratory (2001 - 2004)
o Assistant Professor in Physics, Uppsala University, Sweden (1997 - 2001)
o Postdoctoral Researcher, Uppsala University, Sweden (1995 - 1997)

Fellowship, Award, Honor 

o MRS Innovation in Materials Characterization Award (2020)
o Fellow of the American Physical Society (2014)
o Docent in Physics, Uppsala University, Sweden (2000)
o Early Career Research Award, National Science Foundation, Sweden (1997 - 2001)
o Angstroms Premium (Outstanding PhD Thesis Award), Uppsala University, Sweden (1997)
o Doctorial Fellowship, National Science Foundation, Sweden (1991 - 1995)

Professional Activities and Committee Service 

o SAC Triennial Review Committee of NSLS-11 beamline: In-situ and Operando Spectroscopy
(IOS). NSLS-11, Brookhaven National Laboratory (September 19-20, 2018)
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o Science Council, Advanced Light Source, Lawrence Berkeley National Laboratory (October 2018 –)
o Scientific Advisory Committee, Brazilian Synchrotron Light Laboratory (LNLS), Brazilian Center for

Research in Energy and Materials (CNPEM), (January 2018 –)
o HZB Association Review Panel: “Scientific evaluation of the Helmholtz-Zentrum Berlin für Materialien

und Energie”, Berlin (January 22-25, 2018)
o The Executive Committee of the Topical Group on Energy and Research Applications (GERA) of the

American Physics Society (January 1, 2018 – December 31, 2020)
o Chair of the ALS Division Review, “Cross-Cutting Review of Energy Materials and Catalysis at the

Advanced Light Source”, [including beamlines: 5.3.2.1/2, (6.0.1), 7.0.1.2, (7.3.1), 8.0.1, 9.3.1/2,
11.0.2 with participating beamlines: 8.3.2, 9.0.1/2, 11.3.1] (January 18-19, 2018)

o Division Diversity and Inclusion Committee, Advanced Light Source, Lawrence Berkeley National
Laboratory (June 2017 – present)

o BES NSRC Review Committee, Triennial Operations peer review of Center for Functional
Nanomaterials (CFN) in Brookhaven National Laboratory (September 17-19, 2013)

Reviewer for the Science Foundations 

o The Natural Science Foundation, USA
o Natural Sciences and Engineering Research Council of Canada
o Research proposal, Mitacs, Inc. of Canada
o Swiss National Science Foundation
o The German Israeli Foundation for Scientific Research and Development, Germany
o Helmholtz-Gemeinschaft Deutscher Forschungszentren, Germany
o The Netherlands Foundation for Fundamental Research on Matter, FOM
o The Louisiana Board of Regents’ Research Competitiveness Subprogram, USA
o U.S. Civilian Research & Development Foundation (CRDF)
o US-Israel Binational Science Foundation

Publications 

Dr. GUO has more than 450 publications in total, with an H-index 80 (Google scholar). The five 
most relevant are shown below. 
1. Jinhyuk Lee, Daniil A. Kitchaev, Deok-Hwang Kwon, Chang-Wook Lee, Joseph K. Papp, Yi-Sheng

Liu, Tan Shi, Zhengyan Lun, Bryan D. McCloskey, Jinghua Guo, Mahalingam Balasubramanian,
and Gerd Ceder. Reversible Mn2+/Mn4+ double redox in high capacity Li-excess cathode materials,
Nature, DOI 10.1038/s41586-018-0015-4

2. Liang Zhang, Dan Sun, Jun Feng, Elton Cairns, Jinghua Guo. Revealing the Electrochemical
Charging Mechanism of Nanosized Li2S by in Situ and Operando X-ray Absorption Spectroscopy,
Nano Letters, DOI 10.1021/acs.nanolett.7b02381

3. Kun Luo, Matthew Roberts, Rong Hao, Niccoló Guerrini, David Pickup, Yi-Sheng Liu, Kristina
Edström, Jinghua Guo, Alan Chadwick, Laurent Duda, and Peter Bruce. Charge-compensation in
3d transition metal oxide intercalation cathodes through the generation of localised electron-holes
on oxygen, Nature Chemistry, DOI 10.1038/nchem.2471

4. Michael Bagge-Hansen, Brandon C. Wood, Tadashi Ogitsu, Trevor M. Willey, Ich C. Tran, Arne
Wittstock, Monika M. Biener, Matthew D. Merrill, Marcus A. Worsley, Minoru Otani, Cheng-Hao
Chuang, David Prendergast, Jinghua Guo, Theodore F. Baumann, Tony van Buuren, Jürgen
Biener, and Jonathan R. I. Lee. Potential-Induced Electronic Structure Changes in Supercapacitor
Electrodes Observed by In Operando Soft X-Ray Spectroscopy, Advanced Materials,
10.1002/adma.201403680

5. Juan J. Velasco-Velez, Cheng Hao Wu, Tod A. Pascal, Liwen F. Wan, Jinghua Guo, David
Prendergast and Miquel Salmeron. The structure of interfacial water on gold electrodes studied by
X-ray absorption spectroscopy, Science, DOI 10.1126/science.1259437
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◆Theme 3: Hydrogen

Martin Tengler 

BloombergNEF Lead Hydrogen Analyst 

Tokyo Office 

EXPERlENCEANDEDUCATION 

Martin Tengler is BNEF's Lead Hydrogen Analyst and a founding member of BNEF's Hydrogen 

Team. Martin sits in BloombergNEF's Tokyo office and has covered Japan's energy market before 

specializing in hydrogen. 

Prior to joining Bloomberg, Martin co-founded Dendra Systems, a company that offers industrial。

scale ecosystem restoration services using drones and other cutting-edge technology. He holds an 

MA in Economics from Tokyo University and an MSc in Global Governance and Diplomacy from 

Oxford University. 
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Akira YABE, NEDO Technology Strategy Center 

Akira Yabe (Dr. Eng.) has been a Fellow of Energy System and 
Hydrogen Unit, Technology Strategy Center(TSC) of New 
Energy and Industrial Technology Development Organization 
(NEDO), National Research and Development Agency of Japan. 

• He is also a Special Advisor & a Researcher Emeritus of National Institute of
Advanced Industrial Science and Technology (AIST), and he had been a
Vice-President of AIST for 7 years before entering NEDO.

• He completed PhD in Mechanical Science and Engineering, Tokyo Institute of
Technology at 1979

• He is a Member of Science Council of Japan and he had been concurrently a
Professor of University of Tsukuba (1992-2010), Adjunctive Professor of Science
University of Tokyo (1995-2009), Russell Severance Springer Professor,
Department of Mechanical Engineering, University of California, Berkeley (2001),
Professor (Cooperative Chair) of Tokyo Institute of Technology (2005-2013)

• He also served as the President of the Japan Society of Mechanical Engineers
(JSME) (2013-2014).
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Prof. Dr. Christopher Hebling 

Director Division Energy Technologies and 

Systems Division and Business Division 
Hydrogen Technologies at the Fraunhofer 

Institute for Solar Energy Systems 

* Physicist, PhD in℃rystalline Silicon Thin-Film Solar Cells on lnsulataing

Substrates'University Konstanz

* Honorary Professorship in Chemical Engineering at the University of Cape Town,

South Africa

* 5513 citations in total, h-index = 30

* Delegate of Germany in the ExCo of the Hydrogen T CP for R&D on Hydrogen of

Int. Energy Agency IEA

* Speaker of the Strategic Research Topic "Hydrogen Technologies" of the Fraunhofer

Society

* Board Member of the National Organization Hydrogen and Fuel Cells NOW

* Speaker of Fraunhofer Network Hydrogen (28 lnstit.)

* Board Member of the Fraunhofer℃luster of Excellence Integrated Energy Systems'

(since 2018)
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Dr-Ing. Julie Mougin 
Head of Hydrogen Technologies 

Laboratory at CEA-Liten 

Graduated from Grenoble Institute of Technology (INPG) in 

Electrochemistry PhD in Materials Science Industrial experience 

in the field of materials for oil & gas and automotive markets. 

Joining CEA-Liten in 2005 as the head of the SOFC/SOEL testing 

and characterization research group. From January 2010 to now: 

head of the Hydrogen Technologies Laboratory, focused on 

hydrogen production, storage and fuel cells. 

Coordination of EU projects related to hydrogen and fuel cells 

(RAMSES, INSIGHT, REFLEX, MULTIPLHY). 

International expert in the field of hydrogen, contributing to EU 

roadmaps, reviewing national hydrogen programs in several 

countries, member of the FCH JU scientific committee, and 

participating to standards definitions. 
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Name: Tetsuya NANBA 
Affiliation: Department of Energy and 

Environment, 
Research Planning Office 

Position: Director 

E-mail: tty-namba@aist.go.jp

Feb 2020: Director, Department of Energy and Environment, Research 

Planning Office, AIST 

Oct 2015: Chief Senior Researcher, Renewable Energy Research Center, 

AIST 

Apr 2014: Senior Researcher, Renewable Energy Research Center, AIST 

Dec 2012: International Affairs Office, Industrial Science and Technology 

Policy and Environment Bureau, MET I 

Oct 2008: Senior Researcher, Research Center for New Fuels and Vehicle 

Technology, AIST 

Apr 2007: Researcher, Research Center for New Fuels and Vehicle 

Technology, AIST 

Apr 2006: Research visitor, Queen's University Belfast , Northern Ireland 

Apr 2001: Researcher, National Institute of Advanced Industrial Science 

and Technology, AIST 

Jul 1999: Researcher, National Institute of Resources and Environment 

Mar 1999: Doctor of Engineering, Shizuoka University 

23



Name : Masahiro NISHIO 
Affiliation : Department of Energy and Environment, AIST 
Position : Innovation Coordinator 
E-mail : m.nishio@aist.go.jp
Research Fields: Chemical Engineering, CCS, Energy and Economics Model
Analysis, Energy Management System

• 2016- Innovation Coordinator: Department of Energy and Environment, AIST
• 2013: Group Director: Council for Science, Technology and Innovation,

Cabinet Office
• 2007: Leader/Senior Researcher: Energy Technology Research Institute ,

AIST
• 2004: Deputy Director: Environmental Policy Division, METI
• 2001: Senior Research Scientist: Institute for Energy Utilization, AIST
• 1994: Senior Researcher: Mechanical Engineering Laboratory, MITI
• 1990: Researcher: Mechanical Engineering Laboratory, MITI
• 1990: Dr. Eng. Yokohama National University

◆ Theme 4: CCUS
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Dr. Paul Feron 

Dr Paul Feron is a science leader in CSIRO Energy in Australia. He has been leading 
CSIRO's post-combustion capture (PCC) research program since June 2007. Dr 
Feron is a member of the Australian mirror committee ISO TC265, which is developing 
standards for CO2 capture and storage (CCS). He also is a member for the IEAGHG 
Executive Committee representing the Australian consortium. Previously Dr Feron 
worked for the Netherlands Organisation for Applied Scientific Research TNO. He has 
contributed extensively to the development and conduct of large multi-party, 
multinational CCS R&D programs in Europe, Australia and China and was a lead 
author for the IPCC Special Report on CCS. He co-authored more than 150 
publications, is co-inventor on 14 patent applications and most recently edited the first 
monograph on post-combustion CO2 capture (Absorption-Based Post-Combustion 
Capture of Carbon Dioxide – Woodhead Publishing). His current interests are in the 
realisation of concepts for added value and zero additional energy requirement CO2-
capture. 
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Name:   Kinya SAKANISHI 
Affiliation: Department of Energy and Environment, AIST 
Position:  Assistant Director General 
E-mail :  kinya-sakanishi@aist.go.jp
Research Fields: Clean coal technology, Upgrading of heavy crudes,

Biomass Conversion to bio-fuels and bio-gases 

2020- Assistant Director General, Department of Energy and Environment, AIST   
2015-Deputy Director-General, Fukushima Renewable Energy Institute, AIST(FREA) 
2013: Counselor, International Affairs Division, AIST 
2012: Supervisory Innovation Coordinator, AIST 
2005: Director, Biomass Technology Research Center, AIST Chugoku 
2001: Senior Research Scientist, Energy Utilization Research Institute, AIST 
1999: Senior Researcher, National Institute of Resources and Environment 
1989: Dr. Eng. (Kyushu University) 
1987: Assistant Professor, Kyushu University 
1985: Research Associate (Kyushu University) 
1985: M.Eng.(Kyushu University) 
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Dr. Jorge Gascon 

Professor Jorge Gascon is a Chemist conducting research in catalysis. Born in 
Huesca (Spain) in 1977, Jorge received his MSc. in Chemistry in 2002 and his 
PhD cum laude in Chemical Engineering in 2006, both at the University of 
Zaragoza (Spain). He was post-doc (2006 to 2009), Assistant Professor (2010 to 
2012), Associate Professor (2012 to 2014) and Antoni van Leeuwenhoek 
Professor (2014 – 2017) of Catalysis Engineering at TUDelft (NL). Since 2017 he 
is Professor and Director at the KAUST Catalysis Center.  
His team develops new technologies with the aim of minimizing the influence of 
human and industrial activities on the environment. Among other topics, his 
research program strongly focuses on CO2 mitigation and utilization.  
(c.f. https://advcm.kaust.edu.sa/) 
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Name:    Hideyuki TAKAGI
Affiliation: Global Zero Emission Research Center, AIST
Position:  Team Leader
E-mail:    hide-takagi@aist.go.jp
Specialization: Energy, Reaction Engineering, Material Engineering, Hydrogen,

Catalyst 

January 2020: Team Leader, Global Zero Emission Research Center, AIST 
Concurrently serve as Energy Process Research Institute, AIST
Concurrently serve as Renewable Energy Research Center, AIST 

April 2016:  Group Leader, Research Institute of Energy Frontier, AIST 
April 2015:   Senior Researcher, Research Institute of Energy Frontier, AIST 
April 2014:   Senior Researcher, Energy Technology Research Institute, AIST 
April 2013:  Deputy Manager, Energy Efficiency and Renewable Energy 

Department, Agency for Natural Resources and Energy, 
Ministry of Economy, Trade and Industry (METI) 

October 2005:  Visiting Researcher, The University of Queensland, Australia 
April 2001:     Joined AIST as a researcher 
March 2000:   Doctor of Engineering, Kyushu University  
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Dr David Harris 

Current Role: Director, Energy Technologies, CSIRO Energy, Australia 

Fellow, Australian Institute of Energy (FAIE) 

1982: BSc (Hons), Industrial Chemistry, University of NSW, 1982
1987: PhD, Chemical Engineering & Industrial Chemistry, University of NSW, 1987

2013 – Adjunct Associate Professor, Department of Chemical Engineering, University of Queensland, 
Australia

1987-  Commonwealth Scientific and Industrial research Organisation (CSIRO) 

◆ International Advisors
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Dr. Christian Thiel 

Head of the Energy Efficiency and Renewables Unit, Joint Research Centre of the European 
Commission. (since February 2018) 

2015-2018, Project Leader electro-mobility modelling, Sustainable Transport Unit, Joint 
Research Centre of the European Commission.  

2009-2015, Project Leader energy system modelling, Energy Systems Evaluation Unit, Joint 
Research Centre of the European Commission.  

1997-2009, Project Engineer and Manager, International Technical Development Centre of 
Adam Opel AG/ General Motors Europe.  

Christian holds a Doctoral degree (Dr.nat.techn.) from the University of Natural Resources and 
Life Sciences Vienna, a Master's degree in Environmental Science (Geooekologie) from the 
Technical University Braunschweig, a bachelor's degree in Biology from Université Paris VI and 
an undergraduate degree in Economics from the Goethe University Frankfurt am Main. Christian 
has published 51 papers in peer-reviewed journals (with an h-factor of 19 according to Scopus). 
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Prof. Dr. Christopher Hebling 

Director Division Energy Technologies and 

Systems Division and Business Division 
Hydrogen Technologies at the Fraunhofer 

Institute for Solar Energy Systems 

* Physicist, PhD in℃rystalline Silicon Thin-Film Solar Cells on lnsulataing

Substrates'University Konstanz

* Honorary Professorship in Chemical Engineering at the University of Cape Town,

South Africa

* 5513 citations in total, h-index = 30

* Delegate of Germany in the ExCo of the Hydrogen T CP for R&D on Hydrogen of

Int. Energy Agency IEA

* Speaker of the Strategic Research Topic "Hydrogen Technologies" of the Fraunhofer

Society

* Board Member of the National Organization Hydrogen and Fuel Cells NOW

* Speaker of Fraunhofer Network Hydrogen (28 lnstit.)

* Board Member of the Fraunhofer℃luster of Excellence Integrated Energy Systems'

(since 2018)
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◆ Co-chair of Technical Sessions
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(3) Executive Summary of Technical Sessions

Executive Summary of Technical Sessions 

2nd RD20 conference, 29 Sept. - 2 Oct. 

Fom technical sessions specifically addressed renewable energy, next generation energy 

management system with batteries, hy由ogen, and carbon capttu·e, utilization and storage. Discussions 

were summarized as follows: 

i) Renewable energy

● Renewable energy will be the main somce of power in the futlrre.

● Renewable energy can revitalize the economy by creating jobs for a post COVID-19 recove1y.

● The R&D challenges are grid flexibility, system innovation, performance, cost reduction and new

applications. An emerging tec血ology such as perovskite solar cell was discussed in terms of the

potential and commercialization.

● Continuous suppo1t by policy and fmance is cmcial for long te1m market邸•owth.

● Exchange of info1mation/knowledge and development of standards should be facilitated with

taking care of intellectl1al properties.

ii) Energy management system(EMS) with batteries

● EMS plays an important role to realize "zero-e皿ssion society" inti·oducing renewable energy at

a high penetration level.

● Long-time dllfability is the most important parameter and life cycle assessment is necessa1y for

batteries used in EMS.

• System integi·ation approach, mass production and upscaling, basic research of materials, and

recycling are also皿po1tant in R&D and pra.etical application of batteries in EMS.

• In pa1ticular, international collaboration in basic science including analysis of batte1y materials

should be promoted extensively.

● Management of intellectlial properties is essential in international collaborations depending on

development stage.

iii) Hydrogen

● Recent attention to hydrogen is based on a global consensus of its value for decarbonization and

on commercialization already started of hy由ogen tec血ologies such as釦el cells and

electi·olyzers. Hy由ogen is only going to see widespread use in cotmtI·ies that adopt net zero

emission targets.

● Cost reductions of hy由ogen production by electt·olysis and transport/storage by appropriate

energy carriers are important.

● Hy由ogen is applicable to various industt·ies, with most pro皿sing application depending on

various circumstances including policies, energy resollfces and location of industry in each

36



countiy. 

• International collaboration is necessa1y in all aspects of R&D and application of hydrogen.

Harmonization of regulation and standardization among cotmt11es is important to deploy

hydrogen teclmology. Also sharing rettun on experiments for hy由ogen installations deployed in

different places in the world could help "follower cotmtries" to replicate more quickly and more

efficiently the same deployment and could accelerate the spread of hydrogen worldwide.

iv) CCUS

• CCUS has a critical role toward a zero-e皿ssion society with and beyond fossil釦el use.

● For geological storage, R & D and international cooperation have been carried out for a long time,

and Bioenergy with CCS (BECCS) become more significant with a view to decarbonization.

● Main challenge is large amotmt somce and infrastlucttrre of feedstock, clean hy由ogen and CO2,

through integration of indusn·ies.

● Not only technology, but also system and pra.etical approa.eh from views of both basic research

for catalyst and processes, and application, international cooperation at different levels

(laborato1y, institt1tion, countiy) and long-term roadmap are essential.

● Financial supports丘om gove1nment and private sector are needed to R&D and demonsti·ation.

● A  new value chain for products from CCU such as 釦el, che皿cals and concrete needs to be

developed in cooperation with industry.
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3. Leaders’ Session



(1) Program

October 9th (JST, UTC+9) 

Time 

(JST, UTC+9)

14:00-14:03 Opening remarks Mr. KAJIYAMA Hiroshi 
(Minister of Economy, 
Trade and Industry)  

14:03-14:06 Opening address Mr. ISHIMURA Kazuhiko 

(RD20 Chair; President, 

AIST) 

14:06-14:13 Introduction of GZR
Note1 Dr. YOSHINO Akira (AIST)

14:13-14:20 International collaboration 
scheme

Mr. ISHIZUKA Hiroaki 
(Chairman, NEDO)

Note2 
14:20-14:27 Summary of ICEF

Note3 Mr. TANAKA Nobuo
 (Chair of the ICEF 
Steering Committee)

14:27-14:34 Summary of Technical 

Sessions

Dr. OBARA Haruhiko 

(AIST)

14:34-15:44 Short presentation from 23 

institutions

3min x 23 representatives 

15:44-16:00 Leaders’ Summary: 

Presentation
Note4

 and 
Discussion

Mr. ISHIMURA Kazuhiko  

16:00-16:10 Closing Remarks Mr. ISHIMURA Kazuhiko

Note1) GZR: Global Zero Emission Research Center, AIST (established in January 2020) 

Note2) NEDO: New Energy and Industrial Technology Development Organization, Japanese 

public funding agency 

Note3) ICEF: Innovation for Cool Earth Forum 

Note4) Pre-recorded video of representatives’ presentation will become available online 
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Name ： ISHIMURA Kazuhiko 

Title ： President 

Date of Birth ： September 18, 1954 

Education 

March, 1979 ： Graduated from The University of Tokyo 

School of Engineering 

Business Experience 

April, 1979  ： Joined Asahi Glass Co., Ltd. (current AGC Inc.) 

July, 1989  ： Senior Manager of Engineering Div. 

October, 2000 ： President of Asahi Glass Fine Techno Co., Ltd. 

September, 2004 ： GM of Kansai Plant 

January, 2006 ： Executive Officer, GM of Kansai Plant 

April, 2006  ： Executive Officer 

GM of Electronics & Energy General Div. 

January, 2007 ： Senior Executive Officer 

GM of Electronics & Energy General Div. 

March, 2008 ： Member of the Board 

President & COO 

January, 2010 ： Member of the Board 

President & CEO 

January, 2015 ： Chairman & Representative Director 

January, 2018 ： Chairman 

Director 

March, 2020 ： Director 

April, 2020  ： Appointed as President of the National Institute of 

Advanced Industrial Science and Technology 

(Abbreviation” GM”: General Manager)  

(2) RD20 Chair
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Dr. YOSHINO Akira 

Director, Global Zero Emission Research Center(GZR), 
National Institute of Advanced Industrial Science and 
Technology （AIST ） 

Short biography 
Dr. Yoshino, a native of Japan, was born on January 30, 1948, and earned a B.S. and M.S. in 
engineering from the Department of Petroleum Chemistry at Kyoto University in 1970 and 
1972, respectively. In 1972, he joined the research organization of Asahi Kasei Corp. in 
Kawasaki, Kanagawa, Japan, where he engaged in research on functional polymers and 
electronic materials. In 1981, he started a research effort on high-energy-density secondary 
batteries. In 1985, he invented a new battery system of C/LiCoO2, which would become 
known as the lithium-ion battery (LIB). He also developed a range of basic technologies 
required to make the LIB practical, such as methods to fabricate electrodes using metal foil 
current collectors, microporous separators made of polyethylene, carbonate-based 
electrolytes, safety devices, and charging methods.In 1992 he moved to A&T Battery Corp., 
a joint venture between Asahi Kasei and Toshiba for commercial LIB manufacture. In 1996, 
he returned to Asahi Kasei and continued further LIB research. 

(3) Special Speakers
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略歴書（CV） 

石塚 博昭/ Mr.ISHIZUKA Hiroaki 

国立研究開発法人 新エネルギー・産業技術総合開発機構 

理事長 

Chairman,New Energy and Industrial Technology Development 

Organization(NEDO) 

■プロフィール/ Profile

1950年2月 兵庫県生まれ 

1972年3月 東京大学理学部化学科 卒業 

February 1950 Born in Hyogo,Japan 

March   1972 Graduated from the University of Tokyo-the Faculty of Chemical Science 

■経歴/Career

1972年4月 三菱化成工業株式会社 入社 

2009年6月 三菱化学株式会社 取締役常務執行役員 

2011年4月 三菱化学株式会社 代表取締役 取締役専務執行役員 

2012年4月 三菱化学株式会社 代表取締役 取締役社長 

2017年4月 三菱ケミカル株式会社 相談役 

2018年4月 国立研究開発法人新エネルギー・産業技術総合開発機構 理事長(現職) 

April 2018 Chairman, New Energy and Industrial Technology Development Organization (NEDO) 

April 2017 Senior Corporate Advisor, Mitsubishi Chemical Corporation 

April 2012 Member of the Board, President and Chief Executive Officer, Mitsubishi Chemical 

Corporation 

April 2011 Member of the Board, Senior Managing Executive Officer, Mitsubishi Chemical Corporation 

June 2009 Member of the Board, Managing Executive Officer, Mitsubishi Chemical Corporation 

April 1972 Joined Mitsubishi Chemical Industries Limited (current Mitsubishi Chemical corporation)
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TANAKA Nobuo 
TANAKA Nobuo is Chair of Innovation for Cool Earth Forum (ICEF) Steering Committee. 
As Executive Director of the International Energy Agency (IEA) from 2007 to 2011, he 

oversaw a seminal period in the Agency’s work and direction. Under his leadership, the IEA 
initiated a collective release of oil stocks in June 2011, the third such collective action in the
Agency’s history, opening new scope and a new era for IEA emergency action. He was
responsible for pioneering the concept of ‘comprehensive energy security’ while also
expanding the Agency’s focus on climate change, renewable energy and the transition to a
low-carbon energy economy. He also played a crucial and personal role in the strengthening
of ties with major IEA non-Member energy players, including China, India, Russia, etc. 

He began his career in 1973 in the Ministry of Economy, Trade and Industry (METI) in
Tokyo, and has served in a number of high-ranking positions in METI, including Director-
General of the Multilateral Trade System Department. In this capacity, he led many trade 
negotiations at the World Trade Organization (WTO) and for bilateral Free Trade 
Agreements. He was deeply engaged in a range of bilateral trade and economic issues with
the US as Minister for Industry, Trade and Energy at the Embassy of Japan, Washington DC
from 1998 to 2000, as well serving as the first secretary of the Embassy from 1982 to 1985. 

With a strong background in international affairs, He has served as both Deputy Director
and Director for Science, Technology and Industry (DSTI) of the Paris-based Organization 
for Economic Co-operation and Development (OECD). 
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Dr. OBARA Haruhiko, Vice-President 

National Institute of Advanced Industrial Science and Technology (AIST) 

Dr. OBARA Haruhiko is currently Vice-President of the National 
Institute of Advanced Industrial Science and Technology (AIST), and 
Director-General of the Department of Energy and Environment, AIST. 

Dr. OBARA graduated from the Department of Applied Physics, the 
University of Tokyo, and joined the Electrotechnical Laboratory of the 
Agency of Industrial Science and Technology, a predecessor of the 
current AIST, in 1987. He received his Ph.D in Applied Physics from 
the University of Tokyo in 1990. He began his career as a research 
scientist in superconductivity, and e  xpanded his research to 
thermoelectric energy conversion. He was a postdoctoral researcher in 
DPMC, University of Geneva, from 1993 to 1994, and was a visiting professor in the faculty 
of industrial science and technology, Tokyo University of Science, from 2015 to 2019. He 
participated in various energy conservation technology projects, and is now the project leader 
of the Research and Development Project for Innovative Thermal Management Materials and 
Technologies, founded by the New Energy and Industrial Technology Development 
Organization (NEDO).  

Dr. OBARA was appointed Vice-President of AIST and Director-General of the Department 
of Energy and Environment in 2020. ORCID : 0000-0002-5683-1837 
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Country Speakers Organization

Argentina
Ing. Marcelo Marzocchini
Executive Director

Instituto Nacional de Tecnología Industrial (INTI)

Australia
Dr. Peter Mayfield
Executive Director – Environment, Energy and
Resources

Commonwealth Scientific and Industrial Research Organisation
(CSIRO)

Brazil
Prof. Walter Libardi
Deputy Rector

FAI-UFSCar Universidade Federal de Sao Carlos

Canada
Dr. Susanna Laaksonen-Craig
Director General

Energy, Mining and Environment Research Centre, National
Research Council Canada(NRC)

China
Prof. Zhongmin Liu
Director

Dalian Institute of Chemical Physics (DICP), Chinese Academy
of Sciences(CAS)

European Union
Mr. Stephen Quest
Director General

Joint Research Centre (JRC)

France
Dr. Abdelilah SLAOUI
Deputy Research Director, Head of Energy unit

Centre national de la recherche scientifique (CNRS)

France
Dr. Laurence PIKETTY
Deputy CEO

Commissariat à l'énergie atomique et aux énergies alternatives
(CEA)

Germany
Prof. Dr. Hans-Martin Henning
Director

Fraunhofer Insititute for Solar Energy Systems (Fh-ISE)

India
Dr. Ajay Mathur
Director General

The Energy and Resources Institute (TERI)

Indonesia
Dr. Hammam Riza
Head

Badan Pengkajian dan Penerapan Teknologi (BPPT)

Italy
Dr. Giorgio Graditi
Director

Department of Energy Technologies and Renewable Energy
Sources ENEA, Italian National Agency for New Technologies,
Energy and Sustainable Economic Development

Japan
Dr. OBARA Haruhiko
Vice-President

National Institute of Advanced Industrial Science and
Technology (AIST)

Japan
Dr. HASHIMOTO  Kazuhito
President

National Institute for Materials Science (NIMS)

Japan
Dr. HARAYAMA Yuko
Executive Director

RIKEN

Mexico
Dr. José Mustre de León
Director General

Center for Research and Advanced Studies of the National
Polytechnic Institute
(CINVESTAV)

Republic of
Korea

Dr. Jong-nam KIM
President

Korea Institute of Energy Research (KIER)

Dr. Oleg Zhdaneev
Head

Technology Development Center for Energy, Ministry of Energy
of Russian Federation

Prof. Nikolay Rogalev
Rector

Moscow Power Engineering Institute (MPEI)

Russia

(4) RD20 Speakers
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Kingdom of
Saudi Arabia

H.E. Dr. Khalid Al Sultan
President

King Abdullah City for Atomic and Renewable Energy

(KACARE)

Republic of
South Africa

Dr. Clinton Carter-Brown
Energy Centre Manager

Council for Scientific and Industrial Research(CSIR)

Turkey
Asc. Prof. Dr. Murat MAKARACI
Vice President

 TUBITAK Marmara Research Center (MAM)

United Kingdom
Dr. Rob Gross
Director

UK Energy Research Centre (UKERC)

USA
Dr. Martin Keller
Director

National Renewable Energy Laboratory (NREL)
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Ing. Marcelo Marzocchini 

Marcelo Marzocchini is an Electronics Engineer graduated 

from National University of La Plata {Sabato Award in 1993) 

and has a Master degree in Government Economics from 

Universidad Torcuato Di Tella. 

He specializes in industrial and technological policies, 

international trade and economic integration. He has a long 

career in both, public and private sector. 

At present he is the Operations Director of the National Institute of Industrial 

Technology (INTI). He was Under Secretary of Industry of the Nation, National 

Director for Mercosur in the Argentine Foreign Office and Director for Mercosur and 

Integration of the Ministry of Industry of the Nation. He also was the Provincial 

Director for International Economic Relations of the Government of the Province of 

Buenos Aires and the Chief of the Cabinet of the Under Secretariat for Technological 

and Productive Services of the Ministry of Production of the Nation. 

In the private sector he was in charge of areas of research and development in 

important companies in their technological department, such as Omron Nohgata 

and Multiscan Corp. Besides, he has developed a wide activity as an independent 

consultant. 

In the academic field he has worked as Director of the Master's degree in Applied 

Economics at Pontifical Catholic University of Argentina and as a graduate and 

postgraduate professor at this university, at Buenos Aires University and at National 

University of La Plata. 
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Biography 

Dr Peter Mayfield commenced as CSIRO’s Executive Director for Environment, Energy and 
Resources in December 2016, having worked in research and development for more than 25 
years in both industry and government sectors, with extensive experience in research 
management over the breadth of the environment, energy and resources domains. In this role 
he has responsibility for approximately 1400 researchers who aim to provide science and 
technology solutions to enhance the value Australia derives from its vast energy and minerals 
resources while maintaining and enhancing our unique environment. 
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Dr. Walter Libardi  

2016 Vice-President, Federal University of São Carlos(current). 
2014  Head of the Materials Engineering Department. 
2011     Coordinator of the CAPES/BRAFITEC Program 
2007     Coordinator of the Materials Engineering Course. 
2004     Coordinator of the Materials Engineering Course. 
1993     Visiting Scholar, Northwestern University-USA 
1991     Vice-Coordinator of the Materials Engineering Course. 
1981    Coordinator for Mechanical Teacher Training 
1980     Vice-Coordinator of the Materials Engineering Course. 

Research Biography 
2010   Concrete Creep 
2000   Mechanics of Refractory Concrete Fracture 
1993   Concrete Fracture Mechanics 
1980   Mechanical Vibration of Thin Bars 
1976   Mechanical Vibration 

Academic Background 
1990    Ph.D. in Engineering, University of São Paulo 
1979    Master of Engineering, University of São Paulo 
1975    Bachelor of Engineering, University of São Paulo 
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Dr. Susanna Laaksonen-Craig 
Director General 
Energy, Mining and Environment Research Centre 

Dr. Susanna Laaksonen-Craig is the Director General for the NRC's Energy, Mining and 
Environment Research Centre. 

Before joining the NRC in 2018, Dr. Laaksonen-Craig was the Assistant Deputy Minister for 
British Columbia government's Climate Action Secretariat in the Ministry of Environment and 
Climate Change. She also held a number of Executive Director and Director roles in the 
Ministry of Forests, Lands and Natural Resource Operations. 

Prior to joining the BC government in 2007, Dr. Laaksonen-Craig worked as an assistant 
professor at the University of Toronto's Faculty of Forestry, as the Assistant Director of the 
University of California Forest Products Laboratory, and as a researcher for the Finnish Forest 
Research Institute. 

Dr. Laaksonen-Craig holds a master's degree in Forestry from the University of Helsinki and a 
Ph.D. in Wildland Resource Science from the University of California at Berkeley. Dr. 
Laaksonen-Craig has been an Adjunct Professor at the University of Toronto's Faculty of 
Forestry since 2007. 
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Prof. Zhongmin LIU 

2019  Vice President, Executive committee, International Zeolites 
  Association 

2017 Director General, Dalian Institute of Chemical Physics 
(DICP) and Qingdao Institute of Bioenergy and Bioprocess 
Technology (QIBEBT),CAS (Current) 

2015 Academician, Chinese Academy of Engineering 
2011 Director, National Energy Low-carbon Catalysis and 

    Engineering R&D center (Current) 
2008 Director, National Engineering Laboratory for Methanol to Olefins (Current) 
2008 Deputy Director General, Dalian Institute of Chemical Physics, CAS 
1996  Professor, Dalian Institute of Chemical Physics, CAS 
1994 Associate professor, Dalian Institute of Chemical Physics, CAS 
1991 Assistant professor, Dalian Institute of Chemical Physics, CAS 

Research interests: 

 Catalysis and New Catalytic Reactions 

 Molecular Sieves Synthesis 

 Methanol & Derivatives Conversion Technologies 

 Syngas Conversion 

 Hydrocarbon Conversion Research 

 Multiphase Catalytic Process Development and Scale-up 

 Engineering R&D 

Major Honors 
2018  Professional Achievement Award for Innovations in Green Process Engineering by 

AIChE 
2017  National Innovation Competition Awards 
2017 The 6th Chinese Catalytic Achievement Award in 
2015  The Science and Technology Innovation Award of 2015 HLHL Foundation 
2014 The state Technological Invention Awards First Prize on The technology of methanol 

to olefins (DMTO)  
2013 The China Petroleum and Chemical Industry Federation (CPCIF) Science and 

technology Progress Award (special class) on Sets of Industrial Technology  
Development and Application in Demonstration Project of Coal to Olefin in Baotou  

2012  National Engineering Laboratory for Methanol to Olefins won the state Innovative 
Talents Promoting Plan in Key Area 

2011 The research group for methanol to olefins won Outstanding Science and Technology 
Research Achievement Prize of the Chinese Academy of Sciences 
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Stephen Quest 

Stephen Quest is the Director-General of the Joint Research Centre (JRC) as of 1 May. Prior 
to this, he was the Director-General of the Directorate-General for Taxation and Customs 
Union (TAXUD) and the Director-General for Informatics (DIGIT), driving the digital 
transformation of the Commission.  His career spans more than 25 years in the European civil 
service, and has included work on the EU budget, social and environmental policy and four 
years as Assistant to the Secretary-General. As Director-General, Stephen is particularly 
focused on modernising organisational culture and promoting innovation within the 
Commission, both as regards the use of technology and empowering and involving staff in 
decision-making. He is particularly passionate about communication and the interface 
between policy and technology.  
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Antoine Petit 
President and CEO 
Full professor of Computer Science at Ecole Normale Supérieure Paris-Saclay 

Antoine.Petit@cnrs.fr 
http://www.lsv.ens-cachan.fr/~petit 

• University qualifications:⋄ Habilitation à diriger des recherches, Université de Paris-Sud (1993) ⋄ PhD, Université Paris Diderot (1985) ⋄ Agrégation de Mathématiques (1982) 

• Professional career⋄ From February 2019, on leave at CNRS ∗ President and CEO ⋄ From August 2006 to January 2018, on leave at Inria, Institut National de Recherche en Informatique et 
Automatique ∗ From October 2014, President and CEO ∗ From September 2010 to September 2014, deputy CEO ∗ From August 2006 to August 2010, Director of the research center of Paris - Rocquencourt ⋄ From January 2004 to July 2006, on leave at CNRS, the French national center of research ∗ From September 2004 to Januray 2006, Regional Director for West South of France ∗ In  2004,  Director  of  the  Information  and  Communication Technologies and Sciences department ⋄ From 1994 to 2003, Full professor at ENS Paris-Saclay (formerly ENS de Cachan) ∗ From November 2001 to December 2003, Deputy director of the directorate of research of 

French ministry of research, in charge of mathematics and in- formation and communication 
sciences ∗ From October 1995 to October 2001, Director of the department of computer science of ENS 
Paris-Saclay ⋄ After a PhD on formal languages theory, my researchs have focused on the study of models, mainly 

based on transition systems, for parallel and timed processes. As the years go, specification and verification of 
such systems become one of the main motivations of my studies. ⋄ My research activities have been the subject of about fifty international publications among which 5 
books, 17 journal articles and 26 conferences with proceedings and program committees. I advised 8 PhD 
students. 

* Distinctions
- Chevalier de la légion d’honneur
- Officier de l’ordre national du mérite
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Dr. Laurence PIKETTY 

Deputy CEO 

CEA - Alternative Energies and Atomic Energy Commission 

Laurence Piketty is a graduate of the Ecole Supérieure de Chimie de Paris and obtained a doctoral degree in physics 
in 1992 at University Pierre et Marie Curie (Paris).   

Since November 2018, Laurence Piketty is Deputy CEO at the French Atomic Energy Commission (CEA). 

From 2017 to November 2018, she was Deputy Director of Nuclear Dismantling Operational Division for civil CEA 
sites, at the Nuclear Energy Division (NED) at CEA. 

From 2013 to 2017, she was Director of Nuclear Decommissioning and Dismantling Division at CEA/NED, in charge 
of the whole operations of Dismantling and nuclear waste management in civil CEA. 

From 2012 to 2013, she was Technical Advisor of the Chairman and CEO of CEA. 

From 2011 to 2012, she was Technical Advisor in the cabinet of French Prime Minister François Fillon, in charge of 
Research and Higher Education. She was in particular in charge of the great Investment Program implementation. 

From 2010 to 2011, she was Scientific Director of the sector “Energy, Sustainable Development, Chemistry and 
Process Engineering” at the French Ministry of Higher Education and Research. 

From 1995 to 2010, she held several positions at CEA: she worked as Assistant in general affairs with the Director 
of Nuclear Energy Division (2007-2010), she was head of the Unit “Nuclear Cleansing” at the CEA/ Fontenay-aux-
Roses, in charge of dismantling, cleaning and radioactive waste management (2003-2007), she also was head of 
the Laboratory “Radioactive Cleaning and Transportation” (1998-2003), and she worked in the Unit “Nuclear Safety” 
(1995-1998). 

From 1994 to 1995, she worked in VEOLIA, as researcher in the field of industrial waste management, after her 
PhD, in ONERA Laboratories, on new composite materials for the European shuttle (1988-1992). 
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Prof. Dr. Hans-Martin Henning 
Fraunhofer, Germany 

Speaker of the Fraunhofer Energy Alliance 

Institute Director, Fraunhofer Institute for Solar Energy Systems ISE, 
Freiburg (together with Prof. Dr. Andreas Bett) 

Professor of Solar Energy Systems at Faculty of Engineering, 
University of Freiburg 

Member of acatech (German National Academy of Science and 
Engineering) 

Deputy Spokesman of the Renewable Energies Research Association 
(FVEE) 

Member of the Expert Council on Climate Issues of the German 
Government 
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Dr. AJAY MATHUR 

AJAY MATHUR is the Director General of The Energy and Resources Institute 
(TERI), New Delhi, and a member of the Indian Prime Minister’s Council on Climate 
Change. He earlier headed the Indian Bureau of Energy Efficiency, and was 
responsible for mainstreaming energy efficiency through initiatives such as the Star 
Labeling programme for appliances, the Energy Conservation Building Code, and the 
Perform, Achieve & Trade programme for energy-intensive industries. He was a 
leading climate change negotiator, and was the Indian spokesperson at the Paris 
climate negotiations. He served as the interim Director of the Green Climate Fund 
during its foundational period. 

At TERI, he has spearheaded the move to accelerate action towards a low-carbon and 
cleaner economy through the adoption of renewable energy in the Indian electricity 
sector, enhancing efficiency in buildings and industry, and promoting environmental 
quality through recycling of material wastes and biotechnology-based solutions. 

He co-chairs the global Energy Transitions Commission; and is also co-chair of one 
of the climate initiatives of the One Planet Summit. 

Dr Mathur received a Bachelor’s degree in Chemical Engineering from the (then) 
University of Roorkee, and Masters and PhD degrees from the University of Illinois. 
He has also received the Distinguished Alumnus Awards from both his alma maters. 

He was appointed a Chevalier de l’Ordre national du Merite by the President of 
France in recognition of his outstanding commitment to the preservation of the 
environment and coping with energy-related challenges. 
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Short CV
Dr. Eng. Giorgio Graditi - PhD in Electrical Engineering / Director of the 
Department of Energy Technologies and Renewable Sources of ENEA (Italian 
National Agency for New Technologies, Energy and Sustainable Economic 
Development), Rome, Italy. 
He received the doctoral degree and the Laurea degree (cum laude) in Electrical 
Engineering from the University of Palermo (Italy). Since July 2020, he is the 
Director of the Department of Energy Technologies and Renewable Sources of 

ENEA. Since 2000, he is a Researcher at ENEA. From 2011 to 2017, he was the head of the 
Photovoltaic Systems and Smart Grid Unit of ENEA, whereas from 2018 to 2019 he was the 
head of Solar Thermal and Smart Network Division of ENEA. From April 2019, he is the 
President of MEDENER, Mediterranean Association of National Agencies for Energy 
Management for energy efficiency and the development of renewable energy sources, and from 
May 2019 is the Coordinator of the Scientific Technical Committee of National Energy 
Technological Cluster funded by the Italian Ministry of Education, University and Research. 
He is a member of IEA task 11 “PV Hybrid systems within mini-grids” and task 14 “High 
penetration of PV systems in electricity grids” and of Italian Electrotechnical Committee (CEI) 
CT 82 “Solar photovoltaic”, CT 316 “Connection to LV, MV and HV distribution networks”
and CT 313 “Smart grids”.  
In 2017, he received the Italian National Scientific Qualification as Full Professor in the sector 
of electrical energy engineering. He is operating as Italian member for Mission Innovation 
Challenge 1 “Smart Grids” and Challenge 2 “Off-grid access to electricity”, and he is a member 
of the H2020 National Steering Board for the "Safe, Clean and Efficient Energy" Cluster, and 
member of the working group of the thematic area "Industrial Energy” for the “Climate, Energy 
and Sustainable Mobility” area set up by the Italian Ministry of University and Research within 
the drafting of the national research plan 2020-2027. He is the vice-coordinator of the Joint 
Programme on Smart Grid (JP SG) within European Energy Research Alliance (EERA) and the 
responsible of many National and European (FP7, H2020) projects on the topics of RES, 
integrated energy networks and smart grid. 
His main research interests are in: design, modelling and tools development for the control and 
management of Smart Grids and microgrids in the presence of DER; energy conversion 
components and systems design and characterization; performance analysis of integrated 
energy networks by multi-objective techniques; design, modelling, and analysis of multi-energy 
hubs; management and operation optimization of local and renewable energy communities; 
design, characterization and testing of concentrated solar power and photovoltaic components 
and plants; RES production and demand forecasting based on artificial intelligence techniques 
(machine learning).
He has supervised several MSc and PhD theses. He is also peer review, associated editor, 
member of editorial and advisory board of scientific journals, and chairman in international 
conference. He is also responsible of many R&D contract and agreement in the energy sector 
with international and national stakeholders. He is author of more than 250 scientific papers 
(with Scopus H-index 32) published in international journals and proceedings of international 
conference most of them awarded as highly-cited papers.
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Dr. OBARA Haruhiko, Vice-President 

National Institute of Advanced Industrial Science and Technology (AIST) 

Dr. OBARA Haruhiko is currently Vice-President of the National 
Institute of Advanced Industrial Science and Technology (AIST), and 
Director-General of the Department of Energy and Environment, AIST. 

Dr. OBARA graduated from the Department of Applied Physics, the 
University of Tokyo, and joined the Electrotechnical Laboratory of the 
Agency of Industrial Science and Technology, a predecessor of the 
current AIST, in 1987. He received his Ph.D in Applied Physics from 
the University of Tokyo in 1990. He began his career as a research 
scientist in superconductivity, and e  xpanded his research to 
thermoelectric energy conversion. He was a postdoctoral researcher in 
DPMC, University of Geneva, from 1993 to 1994, and was a visiting professor in the faculty 
of industrial science and technology, Tokyo University of Science, from 2015 to 2019. He 
participated in various energy conservation technology projects, and is now the project leader 
of the Research and Development Project for Innovative Thermal Management Materials and 
Technologies, founded by the New Energy and Industrial Technology Development 
Organization (NEDO).  

Dr. OBARA was appointed Vice-President of AIST and Director-General of the Department 
of Energy and Environment in 2020. ORCID : 0000-0002-5683-1837 
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Dr. Kazuhito Hashimoto 

Kazuhito Hashimoto accepted the appointment of President of 
National Institute for Materials Science in Tsukuba in 2016. He is 
also a professor at Institute for Future Initiatives of the University of 
Tokyo (UT) and serves as a senior counselor to the president of UT 
since 2016. He is a member of Board of Governors (BOG) of 
Okinawa Institute Technology (OIST) since 2016. As an executive 
member of Council for Science, Technology & Innovation (Cabinet 
Office, Government of Japan), he has also been contributing to the 
Science and Technology Policy of Japan since 2013.  

After he received his BS (1978) and MS degrees (1980) of 
Chemistry from UT, he obtained a research position at the Institute 
for Molecular Science (IMS) in 1980. He obtained a Doctor of Science degree from UT in 1984. 
In 1989, he was invited as a lecturer at Department Applied Chemistry at UT, where he was 
promoted to Associate Professor in 1991. He was appointed a full professorship at the Research 
Center of Advanced Science & Technology (RCAST) of UT in 1997. He served as a Director 
of RCAST from 2004 to 2007. He was also appointed Professor at Department of Applied 
Chemistry at UT from 2003 to 2016.  

His research interests are spread in a very broad area including photocatalysis, microbial 
electrochemistry, functionalized magnetic materials, artificial photosynthesis, and polymer 
photovoltaics, among many others. His contributions to science are described in more than 650 
peer reviewed papers and more than 50,000 citations (h-index 110). He also wrote more than 
200 reviews and book chapters. The truths he uncovered are the basis for many manufactured 
products. His contributions to technology and engineering are described in approximately 200 
issued Patents, more than 20 of which are in use.  

He received many awards including the Japan Prime Minister Award for Academia-Industry 
Corporation in 2004, the Japan Imperial Award for Invention in 2006, the Chemical Society of 
Japan Award in 2012, the Heinz Gerischer Award of ECS in 2017 and the Medal of Honor with 
the Purple Ribbon in 2019. 
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Yuko Harayama, Ph.D. 
Executive Director, RIKEN 
Professor Emeritus of Tohoku University 

Yuko Harayama is an Executive Director at RIKEN charged of international affairs, promotion 
of young researchers and diversity. Prior to joining RIKEN, she spent five years at the Cabinet 
Office of Japan, as an Executive Member of the Council for Science, Technology and 
Innovation (CSTI), two years at the OECD as the Deputy Director of the Directorate for Science, 
Technology and Industry (STI), and ten years at the Graduate School of Engineering of Tohoku 
University as a professor of Science and Technology Policy. Her experience prior to Tohoku 
University includes being a Fellow at the Research Institute of Economy, Trade and Industry 
(RIETI) in Japan and an Assistant Professor in the Department of Political Economy at the 
University of Geneva. Ms. Harayama holds a Ph.D. in Education Sciences and a Ph.D. in 
Economics both from the University of Geneva. She has received Chevalier de la Légion 
d'honneur in 2011 and was awarded honorary doctorate from the University of Neuchâtel in 
2014. 
. 

As of July 2020 
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Jose Mustre

2014 Director-General, Cinvestav-Mexico (current)  
2012 Visiting Professor, University Nice-Sophia Antipolis University, 
France  
2004-2007 Deputy Director for Research, Cinvestav-Mexico 
2003 Visiting Scientist, Laboratorio Nacional de Luz Sincrotrón, 
Campinas, Brazil 
2000-2001 Visiting Scientist Los Alamos National Laboratory, USA 
1997 Visiting Scientist, Argonne National Laboratory, USA 
1992- Professor of Physics, Cinvestav-Mexico (current) 
1989-1992 Postdoctoral Fellow, Los Alamos National Laboratory, USA 

Research Biography 
1989 to date 100 research publications with over 5000 citations. 
2016- Quaternary semiconductors for solar cells 
2010- Atomic structure and water ordering of ions in solution 
1997-2002 –CdTe based solar cells 
2008- Fe-based superconductors 
1997-2002 – II-VI semiconductors for use in solar cells 
1989-2017- High temperature Superconductivity in copper-oxides 
1983-1989 Ab initio Methods of X-ray Absorption  

Academic Background 
1989 Ph.D. in Physics, University of Washington, Seattle, USA 
1984 Master of Science, Physics, University of Washington, Seattle, USA 
1982 Master of Science, Cinvestav-Mexico City, Mexico 
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Dr. Jong-Nam Kim 

Education
1983 Bachelor of Science in Chemical Engineering, Ajou University 
1985 Master of Science in Chemical Engineering, KAIST1 
1994 Doctorate in Chemical Engineering, KIAST 

Career
2019- President, Korea Institute of Energy Research (KIER) 
2008–2011 Director of Climate Change Research Division, KIER 
2007–2007 Chief of Chemical Process Research Center, KIER 
2003–2006 Chief of Separation Process Research Center, KIER 
1998–2001 Chief of Separation Process Research Team, KIER 

Professional Activities
Head of Branch / Daejeon and Chungcheongnam-do Province, Korean Journal of Chemical
Engineering
President / The Korean Society of Clean Technology
Committee Member / Daejeon Council for Sustainable Development
Subcommittee Chairman, / Gas Technology Standards Committee, Ministry of Trade, Industry
and Energy
Committee Member / National Energy Commission, Ministry of Knowledge Economy

Main Research Papers and Books
‘Desulfurization of Diesel Using Ion-exchanged Zeolites’, etc. (a total of 74 papers)
‘A Study on the Future of Sustainable Energy in Korea; Energy Scenarios in Case of Reducing
the Nuclear Power Generation’, etc. (a total of 3 books)

Awards
2014 Prime Minister Citation (The 6th Chemical Industry Day) 
2013 Chairman of the Board (Korea Research Council for Industrial Science & Technology) 
2010 Award for Distinguished Work in Energy Saving (Ministry of Knowledge Economy) 
2003 Award for Contribution to Science and Technology Development (Office for 
Government Policy Coordination) 

Profile
Dr. Jong-Nam Kim has contributed to climate change mitigation by conducting R&D activities
as a researcher of the Korea Institute of Energy Research (KIER) since 1985. Currently, he is
the President of KIER, and is facilitating the use of all technologies that KIER develops to
eventually achieve carbon neutrality under the entitled “2050 Plan,” a key to a sustainable future.
Since becoming a member of the National Hydrogen Economy Committee in July 2020, he has
been doing his utmost to create a national growth engine with KIER’s technologies.

1 Korea Advanced Institute of Science and Technology 
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Biography 

Prof., Dr.-/ng. Niko/ay D. Rogalev 

Rector 

National Research University "Moscow Power Engineering Institute", 

Moscow, Russia 

Doctor of Engineering Science (1999); professor; Laureate of Gove1runent Award of the Russian 

Federation in the field of education (2011), and in the field of science and equipment (2008)；釦11 member 

of International academy of Sciences of the higher school (2002); and ecology, human safety and nahll'e 

(2010); leading researcher in University of Texas (the USA, 1996). 

Qualification: 

• since 03.2013 - Rector ofNational Research University "Moscow Power Engineering lnstitl1te"

• Before: deputy head of Fund "Energy without Borders" of JSC INTER RAO EES (the largest Russian

energy holding); F江st Deputy CEO of Escotech holding (energy efficiency and energy saving); deputy

CEO of JSC Gazprom energy.

Other achievements: Liquidator of Chernobyl accident co11Sequences (1986), Encyclopedia "The Best 

People of Russia" (2003, 2004), Outstanding Scientists 2008/2009 (International Bio釦•aphical Centre, 

Cambridge), Honorary Professor of Mongolian State University of Science and Technology, Cosmonaut 

Federation of Russia "Order n.a. Sergey P. Korolev", Medal of Merit of the Cosmonaut Federation of 

Russia, Cosmonaut Federation of RtISsia "Order n.a. Konstantin E. Tsiolkovsky", Merit badge of 

Konstantin E.Tsiolkovsky of the Federal Space Agency, "Order of Friendship" of the Socialist Republic 

of Vietnam, Chaiiman of the RtISsian-Kyrgyz Consortium of Technical Universities, Chaiiman of the 

"It's time to sh1dy in Russia!" Consortium, Board member of the committee for the "Global Energy 

Prize", head of the department of the Department of The1mal Power Plants, Order "Eminent Educator of 

the Socialist Republic of Vietnam" (2018), Medal for development of science and technology of Vietnam 

(2019), Member of International Committee for awarding the "Global Energy"即ze.

Experience of scientific and pedagogical work - 32 years, author and the coauthor of more than 250 

scientific papers and patents, including monographs. 
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Martin Keller, Ph.D. 
Director 
National Renewable Energy Laboratory 
Golden, Colorado 

Martin Keller has served as Director of the National Renewable Energy Laboratory (NREL) and 
President of the Alliance for Sustainable Energy—the company that operates NREL for the U.S. 
Department of Energy—since 2015. Under his leadership, the number of full-time employees at 
NREL has increased by more than 32%. Martin is a visionary leader who is committed to 
people, teams and partnerships. He innovatively and pragmatically applies private sector best 
practices at NREL to achieve game-changing scientific outcomes. Working collaboratively with 
his leadership team, Martin developed a strategy for NREL focused on three key initiatives: 
integrated energy pathways, circular economy, and electrons to molecules. This strategy drives 
advanced scientific research, programs, projects, and partnerships at NREL. For example, 
NREL recently signed a ten-year, $100 million agreement with ExxonMobil to research and 
develop lower emission energy technologies and accelerate new ideas about energy. NREL 
also has valuable partnerships with Eaton Corporation, Wells Fargo, Hewlett Packard 
Enterprise, Royal Dutch Shell, and more than 815 private and public sector organizations. 

From 2006 to 2015, Martin led energy, biological, and environmental research programs at the 
Oak Ridge National Laboratory (ORNL). His efforts culminated in his being promoted to serve 
as the Associate Laboratory Director for the Energy and Environmental Sciences Directorate 
during his last six years at ORNL.  

Earlier In his career, Martin’s dedicated work in a variety of research management positions at 
Diversa Corporation enhanced and developed the microbiology expertise of this biotech 
company.   

Currently, Martin is a Fellow of the American Association for the Advancement Science (AAAS) 
and the Chair-Elect of the AAAS Industrial Science and Technology Section. In addition, he is a 
member of the Scientific Advisory Council for Julich Forschungszentrum and serves on 
numerous other scientific advisory boards.   

Martin received his Ph.D. in Microbiology from the University of Regensburg, Germany. 
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Leaders’ Summary 

2nd RD20 Conference, 29 September - 9 October, 2020, Tokyo, JAPAN 

1) Introduction

A decarbonized society is an urgent and challenging target shared by all nations in order to

mitigate climate change and other environmental impacts of energy use. Accelerating the 

development of clean energy technologies is a prerequisite to achieving this target. 

The development and deployment of a wide range of clean energy technologies requires 

addressing a number of challenging goals, many of which can be achieved through international 

collaboration. 

RD20 is a global conference focusing on clean energy technologies for facilitating the 

realization of a decarbonized society and creating the necessary environment for international 

joint research by strengthening collaboration among leading institutions of G20 countries.   

Due to the COVID-19 pandemic, the 2nd RD20 conference was held online from September 

29th to October 9th, in two separate sessions; technical sessions and leaders’ session, as a part of 

Tokyo “Beyond Zero” Week comprising six leading international conferences organized by Japan. 

The purpose of this document is to summarize the presentations and discussions by the leaders 

and top experts in the sessions, with a number of remarks which are shared by the leaders in this 

conference. 

2) Technical sessions

Four technical sessions specifically addressed renewable energy, next generation energy

management system with batteries, hydrogen and carbon capture, utilization and storage. Brief 

summary of discussions is as follows:  

i) Renewable energy

This session addressed global and long-term issues in solar photovoltaics (PV) to explore

further deployment of PV for decarbonization. The session was comprised of a long-term scenario 

for renewables from the perspectives of IRENA, the tremendous growth of perovskite solar cell 

technologies from basic science to commercialization, the roles and significance of international 

framework in International Energy Agency (IEA) and International Electrotechnical Commission 

(IEC) to support further development of PV technologies and industries.  

ii) Next generation energy management system(EMS) with batteries

This session covered a wide range of technical issues on energy storage and batteries including

(5) Leaders' Summary
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fundamental research on materials, recycling, and energy integration systems. Dr. YOSHINO 

gave a special presentation based on his Nobel Lecture in 2019 to provide future prospect for 

lithium ion batteries in the next generation energy systems. As technical issues, long-term 

durability, life-cycle management including recycling were discussed. The importance of 

international collaboration in basic research of materials and their analysis were shared by the 

panelists.   

iii) Hydrogen

Recent attention to hydrogen was ascribed to a global consensus of decarbonization and to its

practical use. Hydrogen produced using renewables or low carbon footprint energy is a key vector 

in a long-term scenario towards decarbonization. A variety of strategies and measures in 

individual countries or regions were highlighted in this session. Examples of hydrogen technology 

deployment strategy were illustrated for the case of EU and Germany. More technical 

presentations included high efficiency electrolysis using Solid Oxide Electrolyser Cells (SOEC) 

and Power to X strategies using hydrogen for energy storage, as energy carrier or for intermediate 

step towards green chemistry.  

iv) Carbon capture, utilization and storage (CCUS)

CCUS, including carbon recycling technologies, have advantage in their compatibility with

conventional energy infra structures, and their potential for mitigation of climate change. 

Technology options, progress and challenges were discussed.  The possibility of negative 

emissions utilizing biomass-CCS (BECCS) was also discussed. Additional topics specifically 

discussed included methanation and synthesis of other fuels such as methanol, ethanol and 

hydrocarbons. International collaboration was recognized as essential for integration of relevant 

technologies and for realizing a value chain of CCUS products.   

More detailed reports on the technical sessions will be published in “Now & Future 2020”. 

3) Leaders’ session

The leaders shared their views and discussed how to resolve scientific and technical issues on

clean energy technologies through international collaboration. 

 On the basis of the discussions in the technical sessions, the leaders recognized the important 

aspects of international collaboration realized by further joint fundamental scientific researches, 

intellectual infrastructures such as the development of standards and human resource 

development which includes providing opportunities to young talented researchers. Taking stock 

of several governmental initiatives, the leaders agreed to continue communication to strengthen 
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relationships among institutions in order to enhance international collaborations. 

They also shared that a trilateral cooperation among academia, industry and policy makers is 

crucial for further development of clean energy technologies and for their implementation to our 

societies. 

4) Action plan and outlook

RD20 intends to constitute an innovative and ambitious opportunity for building a global

collaborative research platform, and this initiative has the ambition to lead to significant progress 

toward resolving global issues related to environment, energy, and sustainability. 

In order to formulate an action plan, AIST as a host of the RD20 will summarize and publish 

the abstracts submitted by participating institutions as “Now & Future 2020”, which will be 

utilized for considering collaboration within the framework of RD20.  

Since clean energy technologies are highly diversified across multiple disciplines and are 

heavily depending on individual national strategies, a bird’s eye perspective and holistic approach 

are important to make international research agendas converging toward constructive and 

complementary topics of common interest for decarbonization.  

Referring to such information, institutions with similar interests are expected to continue 

communication and more in-depth discussions for the specific purpose of launching and/or 

strengthening collaboration which will eventually lead to global benefit.  

5) Concluding Remarks

The leaders are encouraged to proactively participate in the RD20 conference for more fruitful

outcomes. 

 In addition, all the participants shared recognition of the crucial role of R&D in clean energy 

technologies development including the potential to contribute to recovery from the COVID-19 

crisis by reducing costs, improving performance and long-term reliability, and supporting the 

integration of variable renewable energy sources. 

6) Acknowledgements

The leaders thanked the participants for all their valuable contributions, the leadership of AIST

in particular the efforts of Global Zero-Emission Research Center as the organizer, and the 

perennial support by the Government of Japan.  
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ARGENTINA 

National Institute of Industrial Technology 

R&D Clean Energy Technologies 

Ing. Marcelo MARZOCCHINI 

1. Introduction

Argentina represents less than 1% of greenhouse gases (GHG) emissions within the United 

Nations Framework Convention on Climate Change (UNFCCC) countries, but in terms of 

per capita contribution that number rises to 10 tons of carbon dioxide equivalent1, which 

positions us between the first 30 countries in the ranking.  

In the recent years, in accordance with the provisions of the Third National Communication 

on Climate Change2, Argentina has carried out plans, programs and actions towards the 

mitigation of GHG in various productive and consumer sectors. 

The main contribution to GHG emissions is the generation and use of energy, mainly 

combustion of fossil fuels to obtain electric and thermal power and transportation. In that 

order, there were actions implemented in two fundamental axis: energy diversification, 

including the participation of renewable energy in the matrix and the promotion of rational 

and efficient use of energy. 

With that aim, the Law 27.191 was held in 2015, forcing the large users of electric power to 

consume incremental percentages of energy from renewable sources, aiming a 25% of 

consumption provided by renewable resources, and turning the electric power in a tradable 

product between private companies and between them and the government.  

Nowadays the maximum contribution of electrical energy from renewable sources has 

reached approximately 12%. Despite the COVID-19 pandemic situation, renewable parks 

have been commercially enabled and can supply electricity to the grid. Besides, great efforts 

are being made in order to replace the fuels for biomass in industrial heating operations. 

In addition, other initiatives are under discussion this year: 

● The actualization of the Promotion of Hydrogen law, which will enforce the R&D

activities related to the generation from clean energy and several uses including chemical

and mobility.

● The actualization of the promotion of the Biofuel law, with the aim to increase the oil mix

from 12% to 27% in the case of Bioethanol and from 10% to 27% in Biodiesel.

The government is also working in a brand new law for electromobility with the participation 

of different industrial sectors. 

The National Institute of Industrial Technology (INTI) is a public descentralized institution 

created in 1957 that is part of the National Science and Technological System. Today under 

the National Ministry of Production Development, its mission is to promote industrial 

development through innovation and technological transfer. INTI is also the national 

reference in Metrology, to strengthen the metrological capacities to spread industrial quality 

1https://www.cell.com/heliyon/fulltext/S2405-8440(17)31849-2, visited 09/17/2020 
2https://www.argentina.gob.ar/ambiente/sustentabilidad/cambioclimatico/comunicacionnacional

/tercera, visited 09/14/2019. 

4-1 Abstracts of R&D activities and collaboration

(1) Argentina: Instituto Nacional de Tecnología Industrial (INTI)
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all over national industry. INTI has technology centers across the country specialized in 

different industrial sectors. 

2. R&D activities related to clean energy technology

INTI Technological Development and Innovation Management through its Energy and 

Mobility Department (soeym@inti.gob.ar) works for strengthen the competitiveness and 

sustainability of companies, specially SMEs, through development and appropriation of 

innovative products and processes that contributes to reduce the GHG emissions and also 

collaborates as technical reference with the government in order to establish regulations. 

The main technologies we address are: 

● BioEnergy, Solar Collectors for residencial use, Photovoltaic panels, LP Wind Turbines

● Storage & Conversion of Energy

● Smart Grid Integrations

● Mobility

● Energy Efficiency

3. Specific research activities in next generation energy management systems with

batteries, renewable energy, hydrogen, CCUS, and related technologies

The main lines of work of the institute are described below. 

● Fuel cells fed by low-carbon hydrogen produced by water electrolysis are a good

alternative for renewable energy storage. Alkaline electrolyzers are currently developed,

including liquid and zero gap devices. A project in portfolio is a microbial electrolysis

device, which performs an effluent treatment in a microbial anode along with H2

production in a photo cathode.

● Nanostructured Materials for Energy. With the increase in energy consumption, new

and more efficient materials for energy generation and storage are required. Moreover, the

increasing use of portable electronic devices requires the development of more efficient

energy storage technologies. Green, environmental friendly energy sources, intermittent

in some cases, like sunlight, tides, wind and waves, present the necessity to store the

energy produced. INTI has developed and characterized different nanostructured

materials.

● Mesoporous carbon (MC) with well-defined porous size distribution to assess its effect

as electrode support for fuel cell catalysts and supercapacitors is obtained by

polycondensation of resorcinol and formaldehyde (RF) on silica nanoparticles as hard

template agents, and subsequent carbonization in an inert atmosphere. The obtained

mesoporous carbon products with a high specific surface area (> 400 m2g-1) were used

as support for Pt and PtRu catalysts nanoparticles. The modification of the surface allowed

30% reduction of the diameter of the metal particles deposited over the support and a 10%

increase of power density of membrane electrode assemblies compared with state of art

of DMFC PtRu/carbon supported catalyst.

On the other hand, Ni-Mo alloys electrodeposited over Ni substrate were tested as electro 

catalysts for the hydrogen evolution reaction in alkaline media, and the influence of the 

electrodeposition conditions in composition, morphology and HER activity was analyzed. 

TiO2 Deposition on Carbon Substrates with Tailored Mesoporous Structures for Fuel Cells. 
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● Anion Exchange Membranes. Low carbon footprint hydrogen, a near-zero emission

energy carrier, plays a key role in many applications such as road transport, micro co-

generation and de-carbonization of several industrial processes. Most of these applications

involve fuel cells  to convert hydrogen to power, though other fuels like natural gases,

methanol or ethanol are employed to feed FCs as well. It is worth mentioning that

hydrogen technologies footprint depends on its method of production, and in this sense,

electrochemical water splitting is a very favored option.

● Despite their potential, one of the main barriers to the widespread adoption of these

technologies is the current costs of fuel cells and electrolyzers. Therefore, alkaline

systems, which do not require precious metals as electro catalysts or demand corrosion-

resistant components, are a good option for low temperature, membrane-based devices.

Consequently, anion exchange membrane fuel cells (AEMFCs) and zero-gap liquid

alkaline water electrolyzers (LAWEs) have gained interest recently, demonstrated by the

significant increase in the number of publications, particularly since 2010. INTI has

prepared anion exchange polymer membranes based in polybenzimidazole, including

polymer synthesis, blend with PVA, cross-linked with PVBC/quaternized, hybrid

membranes with functionalized graphene oxide and electrospun nanofibers. The

membranes are characterized and evaluated in alkaline water electrolysis devices liquid

and zero gap. Actually new applications are explored for the membranes developed, like

salinity gradient power or redox flow batteries. (Patent INPI-ARG: 180.100-013/2018:

Preparation method of a polymeric proton exchange membrane).

● Biomass Gasification Technology. In Argentina, the bioenergy sector is made up of many

agroindustrial companies that generate waste, primary producers who waste crop residues,

and a support sub sector made up of SMEs manufacturers of machines and equipment. To

achieve the industrialization of these wasted resources, developments are required in both

physical and chemical processes as in the existing machinery to achieve profitable

industrialization processes (collection, pelletization, storage, conditioning, pre-treatment,

etc.). INTI with industry support seeks to identify opportunities for development of new

bioproducts, including biofuels as well as innovation opportunities in machines and

equipment that allow reaching new and improved degrees of biomass industrialization.

● Utilization of pellets of agricultural harvesting and forestry activities residues in

biomass combustors. Many of the agricultural crop residues are suitable to transform into

solid biofuels with a correct management. This valorization technique for these mostly

unused residues can help the different agriculture industries to diversify their conventional

activities and to replace the natural gas for thermal energy. During the validation process,

the previous data was compared with the newest standard approved in Argentina for solid

biofuels (IRAM-ISO 17225) to establish a quality basis for the industrial process.

● Materials for the offshore generation and storage of renewable energy. The

development of advanced materials and prototypes for sustainable energy production

(solar, wind, wave and tidal) including energy storage through batteries and hydrogen

technology in offshore platforms. This also includes the salinity gradient energy

applications in argentine lagoons of high salt concentration (reverse electrodialysis) and

in oil wells.

● Internet of Energy. Investors Interoperability. The interoperability system is a

photovoltaic inverter data acquisition system that takes the data and integrates them into

a dedicated IoT platform. This INTIˊs developed system solves the incompatibility of data

that comes from multi-brand inverters. If all the photovoltaic systems were from the same

manufacturer, the communication protocols and the way in which the data is shared would

be homogeneous among all, with which it would be possible to observe them in the same

71



2nd RD20 Oct9 2020 

4 

place; however, this situation does not occur in practice. 

● Grid Network with Renewable Energy. In Armstrong, a 11.000 inhabitants city, an

integrated network of renewable energy with conventional grid system was established

(200 kW photovoltaic floor plant, 60 solar roofs in homes and 10 small wind turbines

located in the city). With wireless equipment installed in a thousand homes in the city,

they can monitor the local electricity service and obtain information remotely to determine

the quality of the service, the user load curve and different conditions of the network or

consumption characteristics of each residence.

● Non-conventional vehicle performance. Argentina is one of the highest biofuels

producers and the proportion included in our gasoline is also high (12% of bioethanol and

10% of biodiesel). It is also a very common practice to utilize a 100% biofuel in some

farm equipment, public transportation and private vehicles. On the other hand, the

argentine electric car is a reality. With this aim, we are exploring the biofuels quality.

● The Project VERSU (for their acronym in spanish for Power Valorization for Solid Urban

Residues) consists of a cycle-combined equipment with power generation for solid urban

residues. It is located in Sarmiento, a city of 22.000 inhabitants in San Juan province. This

industrial plant is a demonstrative project unique in Argentina.

● CCUS Technologies. As a national institute created to strengthen the national industry,

we assist companies to improve their technologies to achieve environmental objectives.

● Solar Thermal Collectors. A program of the Ministry of Production Development for the

performance improvement of national production companies in which INTI will assist in

technical production to increase productivity.

4. International collaboration

4-1 International alliance/networking development

INTI has three main strategies to promote international collaboration: 

1. Industrial Technology Transfer

Productive knowledge, innovative technologies and transfer promotion to countries with

equal or less industrial development, with the aim of contributing to strengthen their

productive and industrial network.

2. Scientific and Technological Cooperation

For the improvement of technological knowledge, participation in joint innovation

processes and promotion of industrial competitiveness and productiveness.

3. SMEs Internationalization

Assistance for the incorporation of technological innovation that favors the generation of 

quality employment and the increase and diversification of exports from SMEs. 

4-2 International joint R&D activities

● JICA (Japan): Development program for Energy Efficiency technologies and best

practices. INTI proposed AIST to participate in a SARTREPS call.

● CENER (Spain): Renewable Energy Technology transfer program, including formation of

our professionals and consultancy services for infrastructure build up.

● TNO (The Netherlands): Biomass technology and services development.

● INTI has submitted a project called “Heavy Carbon Industries: A network to look for
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approaches to low Carbon Sustainable Processes” for the MSCA-RISE 2020, EU call with 

the following institutions: Surrey University (UK), Sevilla University (Spain), Politecnico 

di Milano (Italy), Titan Cement Company (greek company), Mitchell Technical Services 

(UK company), GVG soltek (Arg company) and Danish Power System (DK Company).  

5. Future perspectives (beyond 2030)

In accordance to the Argentina’s Third National Communication on Climate Change, our 

next challenges are aimed at the appropriation, generation and transfer of technology in 

order to reduce GHG emissions in two different aspects: 

● Thermal Energy technologies for industrial activities:

- Solar Concentrators for fluid heating or steam generation aimed at SMEs located in

regions appropriated for this technology.

- BioGas - BioEnergy: energy recovery from the organic fraction of urban solid waste

- Biofuels obtained from agricultural and forestry industrial residues. The generation of

an industrial and public market is aimed through process standardization.

● Electrical Transportation

- Production and Reuse of Lithium Batteries: Technological assistance to battery

manufacturers in component development (separators, electrodes, cells). Spent

batteries disposal and recycling, engine testing laboratory for different fuels and

electricity.

- Green Hydrogen certification and metrological quantification in a mix of gases.

- Engine Testing Laboratory, for performance evaluation of different biofuels,

evaluation of biofuels proportion in gasoline cuts.

- Integration Energy Laboratory for R&D activities related to micro and off grid

systems.

_________________ 

About the participant: 

Marcelo Marzocchini is an Electronics Engineer graduated from 

National University of La Plata (Sábato Award 1993) and has a 

Master degree in Government Economics from Torcuato Di Tella 

University. 

He specializes in industrial and technological policies, international 

trade and economic integration. He has a long career in both, public 

and private sector. 

At present he is the Operations Director of the National Institute of Industrial Technology 

(INTI). He was Undersecretary of Industry of the Nation, National Director for Mercosur 

in the Argentine Foreign Office and Director for Mercosur and Integration in the Ministry 

of Industry of the Nation. He also was the Provincial Director for International Economic 

Relations of the Government of the Province of Buenos Aires and Chief of Staff of the 

Under Secretariat for Technological and Productive Services of the Ministry of Production 

of the Nation. 
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In the private sector he was in charge of areas of research and development in important 

technology companies, such as Omron Nohgata and Multiscan Corp. Besides, he has 

developed a wide activity as an independent consultant. 

In the academic field he has worked as Director of the Master´s degree in Applied 

Economics at Pontifical Catholic University of Argentina and as a graduate and 

postgraduate professor at this university, at Buenos Aires University and at National 

University of La Plata.  
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Country Institute Category 

Argentina INTI Production 

Argentina INTI Storage 

Argentina INTI Production / Storage 

Argentina INTI Storage 

Argentina INTI Storage I Utilization 

Related programs 
(with short summary) 

Development of electrodes for the electrolytic production of H2 (2018 -2021) 
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Target/ Goal Outcome Lead person / Organization Partnerslup (if any) Related information 

One electrode ready for transference Dr. Liliana Diaz / INTI (Domestic) INFIQC -CONICET- https://www.inti gob ar/areas/d 
(lchaz@inti gob ar) National University of Cordoba esarrollo-tecnologico-e-

in novacion/ energia-y-
movi I idad/a I macen am i en to-de-
la-energla 

Results are part of the doctorate thesis PhD Student Gonzalo Montiel (Domestic) CNEA-CAC https://www inti gob ar/areas/d 
of G. Montiel Deep knowledge of the / INTI (gmontiel@int i gob ar) (Intemational) University of Ontario esarrollo-tecnologico-e-
material 1s attained Institute of Technology(UOIT) in novacion/ energia-y-

movi I idad/a I macen am i en to-de-
la-energla 

One membrane 1s prepared and Dr. Liliana Diaz / INTI (Domestic) University of Buenos Aires https://www inti gob ar/areas/d 
characterized, having low cos� good (ldiaz@inti gob ar) Engineering(F皿A) esarrollo-tecnologico-e-
stability and conductivity. in novacion/energia-y-

movi I idad/a I macen am i en to-de-
la-energla 

Results are part of the doctorate thesis Dr. Graciela Abuin / INTI (Intemational) Autonomous University https://www inti gob ar/areas/d 
ofR. Coppola. Deep knowledge of the (gabuin@inl! gob ar) of Madrid, Espana esarrollo-tecnologico-e-
material is attained in novacion/energia-y-

movi I idad/a I macen am i en to-de-
la-energla 

Results are part of the doctorate thesis PhD Student Roxana Coppola (Domestic) PhD Student Fabrizio https://www inti gob ar/areas/d 
ofR. Coppola. One membrane 1s and /INTI Molinari/ INTI-Material Design esarrollo-tecnologico-e-
prepared and characterized, having (rcoppola@int i gob ar) in novacion/energia-y-

good stability and conductivity. movi I idad/a I macen am i en to-de-
la-energla 
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(2) Australia: Commonwealth Scientific and Industrial Research Organization (CSIRO)

The Path to Net Zero Emissions 

Dr Peter Mayfield 

Commonwealth Scientific and IndustI'ial Research Organisation (CSIRO) Aus1:I'alia 

1. Introduction

CSIRO is Austr·alia's national science agency, solving the担•eatest challenges tlu·ough innovative

science and technology. In CSIRO we deliver science, technology and solutions to be benefit of

Australia.

CSIRO is well positioned to take a str·ong role as Austr·alia's energy transition towards net zero 

emissions. 

So, what do we mean by energy transition? 

The energy sector in Austr·alia is navigating a major transition at a time when extreme weather events 

and climate change impacts show that the pace of担•eenhouse gas emissions reduction must 

accelerate. 

We need to reduce om dependency on coal and transition to lower emission somces, that is, to 

dec紅bonize the energy sector. 

It means more solar PV, improved energy efficiency and more intelligent systems in om homes. 

When widening the scope, it means electr·ification of vehicles and dec紅bonizing the industry. And, 

ftuther afield, we need to transition evolving om export mai·ket from coal, to LNG, and to clean 

hych·ogen. 

2. R&D activities related to clean energy technology

CSIRO is broadly engaged with the applied science and reseai·ch - and integi·ated renewable energy 

systems - focused on zero emission energy futtu·e(further information on programs/projects are 

found in the template) 

• Electr·icity network transfo1mation: Building simulation and analysis tools and facilities,

to info1m investments in electr·icity担•id systems.

• Industry and transpo1t tr·ansition: Delivering technologies and solutions to enable shift from

fossil energy to electricity, increased use of renewables and low emission fuels such as

hych·ogen ammonia.

• Renewable energy: Suppo1ting the increase in renewable energy generation and energy

storage solutions to secme e reliable electr·icity network, and reduce emissions in industrial

and tr·anspo1t sectors

• Nattu·al gas: Improving na皿al gas productivity, reducing emissions and secming nattu·al gas

supply as a low emission alternative to coal as coal-fued generation is reduced,

• Carbon capttue, utilisation and storage (CCUS): Reducing emissions and creating value 

from carbon waste str·eams. 

• Concentr·ating solar· the1mal: Using lmiquely-designed heliostats and high-tempera皿e

centr·al receivers to lower emissions from industrial processes
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3. Specific research activities in hydrogen, CCUS, and related technologies

Australia’s National Hydrogen Strategy outlines the need to foster industry hubs to develop 
economies of scale.  

Our Hydrogen Industry Mission supports this critical goal, by bringing together the multidisciplinary 
strengths of CSIRO researchers and leveraging our domestic and global networks to create 
collaborative, industry-focused demonstration projects. 

As well as providing a clear path to market for emerging technologies, this work will derisk 
hydrogen export pathways and accelerate the creation of this exciting new industry. 

Collaboration between major industry players in these hubs will see large-scale and interconnected 
hydrogen value chains unfold, ultimately leading to ‘sector coupling’ between energy, industry and 
transport applications.  

CSIRO is the natural bridge connecting industry with the research community to deliver expert 
advice, technology innovation, engineering, prototyping and enabling science to support development 
of a whole new industry.  

National science agencies in Canada, Japan, China, Europe, and the US have long recognised the 
benefits of such a collaborative approach and CSIRO also has delivered strongly through co-designg 
and collaboration.   

 (further information on programs/projects are found in the template) 

4. International collaboration

4-1 International alliance/networking development

CSIRO’s Global Strategy aims to connect Australia to the global science, technology and innovation 
frontier as well as access new markets for Australian innovation. CSIRO has extensive number of 
international activities and collaborations around the world.  

For us, collaborations are fundamental way of how we work and find solutions to the greatest 
challenges we face on the planet. We have collaborations with research intuitions in the G20 
members which include innovations in clean energy technologies.  

4-2 International joint R&D activities

Last year at this conference Larry Marshall introduced the Australian Solar Thermal Research 
Institute (ASTRI) 

ASTRI has now grown to a $110 million, eleven-year global research initiative creating international 
collaboration with research institutions, industry bodies and universities  
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ASTRI has led to sol紅 the1mal pa11nerships with the US DOE Gen3 pro担•am paiticipants NREL 

and Sandia National Laboratories, as well as Japan's Mitsubishi Hitachi Power Systems, the Cypms 
Institl1te, The1mal Focus in China and Heliostat SA in Australia. 

5. Future perspectives

CSIRO is focused on suppo1ting the energy transition and由ive towards net zero emissions, 
increasing om capability in renewables and digital energy technologies, investing in more clean 
energy即wth areas and taking on big projects with sti·ategic pa1tners both in Austi·alia and ru·ound 
the world. 

Biography 

Dr Peter Mayfield commenced as CSIRO's Executive Di.J.·ector for Envi.J.·onment, Energy and 

Resomces in December 2016, having worked in research and development for more than 25 

years in both industiy and gove1mnent sectors, with extensive experience in research 

management over the breadth of the enviro皿ent, energy and resomces domains. In this role 

he has responsibility for approximately 1400 rese紅chers who aim to provide science and 

technology solutions to enhance the value Austi·alia derives from its vast energy and皿nerals

resomces while maintaining and enhancing om lmique envi.J.·onment. 
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Development of PEM electrolysis technology and kW class systems for distributed and off-grid applications
Development of low cost electrolysis cells,
stacks,  BOP and control & safety system for
building 1-2 kW PEM electrolysers.

Dr Sarb Giddey / CSIRO ATCO Gas, WA

This technology is currently being
discussed with ATCO Gas and MSV
for further development, field trials
and commercialisation.

Developemnt of solid oxide electrolysis for steam / CO2 electrolysis for production of hydrogen, syngas and liquid fuels
Development of catalysts, materials, cell designs
for steam / CO2 electrolysis to build a prototype
reactor that consumes less than 40 kWh/kg
hydrogen for integration with liquid fuels
synthesis reactor

Dr Ani Kulkarni / CSIRO ARENA, Johnson Matthey, Ben Gurion Uni,,
Northwestern Uni, RayGen, ADME Fuels

An external consultant has been
hired (with funding from Innovation
Acceleration Fund) to work with the
team on commercialisation roadmap
for the best use cases of the
hydrogen production from this
technology.

Basic R&D for electrochemical ammonia synthesis using renewable sources of electricity.

Develop catalysts (graphine/CNT, biological),
materials and cell design for ammonia synthesis. Dr Gurpreet Kaur / CSIRO CSIRO Hydrogen FSP / strategic areas of

research, RMIT University

Enzymatic pathways for hydrogen and ammonia production Using nitrogenase enzymes as athe basis of a
new production technology that converts
sunlight, water, and air to hydrogen and
ammonia under ambient conditions.

Dr Craig Wood / CSIRO ANU

Microbial hydrogen production from waste streams

Integrating waste management with hydrogen
production using microorganisms Dr Anna Kaksonen/CSIRO UWA

Development of metal membrane based reactor for ammonia production at low pressures by sourcing hydrogen directly
from a PEM electrolyser Development of catalysts, membrane materials,

interfacial designs, and a prototype system to
produce ammonia at a kg scale from renewable 
electricity.

Dr Sarb Giddey / CSIRO ARENA, Orica, GRDC

Development of solid state hydrogen compressor for domestic use (small scale re-fuelling of fuell cell electric vehicles) /
Fundamental research into metal hydride materials capable of compressing H2 using low grade heat sources (2018 -
2021) Development of a prototype solid state H2

compressor designed to deliver 350 bar H2 Dr Ashleigh Cousins / CSIRO (Domestic) Griffith University

Commercialisation of CSIRO's metal membrane technology. This project aims to scale up the production of CSIRO's
hydrogen separation membranes and construct two pilot plants each capable of producing 200kg/day of fuel cell quality
hydrogen from decompossed ammonia.

Demonstrate the viability of exporting hydrogen
in the form of ammonia and extracting ultra high
purity hydrogen at the point of use with a
production rate of 200kg/day.

Dr. David Viano / CSIRO

(Domestic) Fortescue Metals Group Limited

Basic R&D into new carriers and pathways for hydrogen storage and distribution Direct production technologies for methanol and
ammonia, as well as increasing our
understanding of ortho-para conversion of
hydrogen during liquefaction and new
conversion processes for LOHCs.

Various - contact Dr Daniel Roberts /
CSIRO

Various

Australia

Related informationRelated programs
 (with short summary) Partnership (if any)Country Lead person / OrganizationInstitute Category Target / Goal Outcome

Production

Transportation /
Storage

CSIRO

2015 - 2019

Current 

2016 - 2021

Current 

2014 - 2021

Current 

2019 - 2022

Current 

2018 - 2021

Current

2019 - 2022

Current 

2019 - 2023

Current 

2019 - 2023

Current 

2019 - 2023

Current 
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Basic R&D for direct ammonia utilisation in a solid oxide fuel cell for power generation
Develop catalysts, materials and cell design for
ammonia cracking and hydrogen oxidation in the
fuel cell.

Dr Ani Kulkarni / CSIRO CSIRO Hydrogen FSP / strategic areas of
research, RMIT University

Ammonia combustion in modified diesel engines Slow-speed ammonia engines allow distributed
power generation without the need for cracking
to H2, and also support decarbonisation of
global shipping

Dr Louis Wibberley / CSIRO FMG

Development and demonstration of direct thermochemical reactors for production of hydrogen, syngas and liquid fuels
using beam-down field configuration

Development of catalysts, materials, cell designs
for direct steam / H2 reaction, to build a
prototype reactor for 250kWth solar field with
liquid fuels synthesis reactor

Rob McNaughton / CSIRO ARENA, Niigata University, Japan Institute of
Applied Energy (IAE)

Field re-configuration underway.
Optics commissioned by early
2021. Beam-down reactor can
then be further configured for
reserach into direct and indirect
minerals processing.
Will be infrastructure central to
Newcastle Renewable Energy
Demonstration Hub and input to
the CSIRO Hydrogen Mission.

https://arena gov au/projects/sol
ar-thermochemical-hydrogen-
research-and-development/

Basic R&D for photoelectrochemical hydrogen generation using perfect absorber materials
Develop catalysts and semiconductor materials +
cell design for hydrogen generation Dr Noel Duffy / CSIRO CSIRO Hydrogen FSP / RMIT University

Next stage of projects will look at
larger scale systems for
increased generation.

Development and demonstration of indirect production of hydrogen, syngas and liquid fuels using falling particle reciever
and heat exchange technology Development of falling particle receiver (light

capture andheat storage) systems for electricity
and indirect steam / H2 reaction. A ~1MWth
solar field with integrated heat capture and
storage for industrial heat applications including
hydrogen, ammonia and alternative liquid fuels.

Dr Jin-Soo Kim / CSIRO ARENA, Sandia National Laboratories, ASTRI,
US DoE

Field re-configuration underway.
Receiver/storage commissioned
by early 2021. System can then
be further configured for
reserach into indirect industrial
heat processes. Will be
infrastructure central to
Newcastle Renewable Energy
Demonstration Hub and input to
the CSIRO Hydrogen Mission.

Production

Utilisation

2019 - 2022

Current 

Current 

2019 - 2022

Current 

2019 - 2022

Current 

2019 - 2022

2019 - 2022

Current 
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Electrochemical
CO2 utilisation

Developemnt of solid oxide electrolysis for steam / CO2 electrolysis for production of hydrogen, syngas and liquid fuels
Development of catalysts, materials, cell designs
for steam / CO2 electrolysis to build a prototype
reactor that consumes less than 40 kWh/kg
hydrogen for integration with liquid fuels
synthesis reactor

Dr Ani Kulkarni / CSIRO ARENA, Johnson Matthey, Ben Gurion Uni,,
Northwestern Uni, RayGen, ADME Fuels

CO2 storage| In
Situ Laboratory

Using an existing well (Harvey-2), CSIRO
researchers will strategically place monitoring
instruments in order to conduct a shallow CO2
release test in the subsurface area.

DR Karsten Michael / CSIRO
https://www.csiro.au/en/Research/E
F/Areas/Low-emissions-
technologies/CCS/In-situ-lab

Post-combustion
CO2 capture

PICA Project: 5000 hour evaluation of an advanced Post-Combustion CO2-capure process (PCC) with two advanced
liquid absorbents for application in Victorian brown coal fired power

Evaluation of robustness and energy
performance of two advanced amine-based
processes for CO2 capture in preparation of
larger scale demonstration in the Latrobe Valley

Dr Paul Feron, Mr Aaron Cottrell
(CSIRO, Mr Takumi Endo (IHI) CSIRO, IHI, AGL Loy Yang, ACI https://www.csiro.au

Methane
production from

atmospheric
CO2

The technology development in this project aims to convert hydrogen produced from renewable electricity together with
CO2 from the atmosphere into a methane product that seamlessly fits in with existing energy export chains and available
infrastructure

Development of efficient liquid absorbent
technologies for CO2-capture from air
Aim for methane production costs of $10/GJ
excl. hydrogen production costs

Dr Paul Feron, Dr Ali Kiani CSIRO, ARENA https://www.csiro.au

Australia CSIRO

Related informationPartnership (if any)Country Institute Category Related programs
 (with short summary) Target / Goal Outcome Lead person / Organization

2016 - 2021

Current 

2018 - 2021

2015 - 2019

2018 - 2021
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Solar Electric
vehicle charging

CSIRO has worked with industry to develop new
charging stations to allow for greater adoption of
EV's in Australia. Initial work has developed a
home charging statioin that intergrates home
charging, PV and battery storage. Future work is
looking to develop battery buffered fast chargers.

Dr Christopher Munnings / CSIRO
Nissan (Australia), Delta electronics (Australia),
SME connect (Funding), Victorian Government
(Funding)

https://www.csiro.au/en/News/News-
releases/2019/PV-for-your-EV-solar-
tech-powers-electric-cars-through-
summer and
https://blog.csiro.au/solar-powered-
electric-vehicles-cars-charged/

Demonstration
projects and the
centre for hybrid
energy systems

CSIRO works with many industrial partners
advising them on how emerging technologies
can be used within their business with the goal
being to accelerate adoption of new energy
technologies.

Dr Christopher Munnings / CSIRO
 EnergyAustralia, Melbourne Cricket Club,
Sydney Opera House, Telstra, ATCO gas,
Fortescue Metal Group, Woodside,

www.csiro.au/CHES

Australia CSIRO High-efficiency
photovoltaics

CSIRO is developing a scaleable process for increasing the efficiency of silicon solar cells to >30% PCE using a tandem cell
configuraiton of perovksite semiconductor on silicon wafer. With increased demand on photovoltaics as a preferred renewable energy
source, this  creates demand for new technologies that greatly exceed current commercial products that will reduce impact on demand
for resources and energy intensity for manufacture.

Wafer-scale demonstration of perovskite-silicon
tandem cells >30% light-to-electrical power
conversion efficiency (PCE)

Dr Gregory Wilson / CSIRO CSIRO, UNSW, Tindo Solar

Australia CSIRO Solar Thermal
Energy

CSIRO began researching high temperature solar thermal power in 1996, and has established itself as a world leader in
this field. The R&D activity has since been enhanced by the establishment of the Australian Solar Thermal Research
Institute, led by CSIRO and with six collaborating universities.

The key goal is the development of high
temperature processes, materials and
components with the aim of <7c/kWh
dispacthable solar power, ie including storage. It
also includes the development of non-electricity
applications including solar fuels and heat for
industrial processes.

Wes Stein QUT, UQ, ANU, Flinders Uni, UniSA, Adelaide
Uni. www.astri.org.au

Related informationPartnership (if any)

Australia CSIRO

Country Institute Category Related programs
 (with short summary) Target / Goal Outcome Lead person / Organization

2014 - ongoing (R&D span)

CSIRO began investigating barriers for EV adoption in Australia. Charging infrastrucutre was 
identified as being a key area where there could be improvments. Areas identified as 
problematic are charging in homes with multiple cars, large groups of vehicles and remote fast 
charges.

2014 - ongoing (R&D span)

CSIRO works with a wide range of industry partners to help them to understand how new 
technologies can be used within their current business model and to also allow them to 
hybridise technologies that they manufacture to creat new products. We also work internally 
with groups in CSIRO to build prototypes using experimental CSIRO technology

2014 - ongoing (R&D span)
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Current Status and Future Perspectives of Clean Energy 
Technologies in UFSCar 

Walter Libardi 
Federal University of São Carlos (UFSCar), Brazil 

1. Introduction
Despite the fact that the Brazilian energy matrix is considered one of the most renewable

in the world, the country still presents a high consumption of fossil energy. Taking into account 
oil for motor vehicles, natural gas and coal for thermoelectric and plants, Brazil´s dependence is 
considerably high. Hydroelectric energy is the main source of energy to produce electricity in 
the country, although with only 25% of hydrological potential being used. Another issue 
concerns the high costs and time involved in dam construction, impracticable for generating 
energy. Consequently, there has been a decrease in the construction of hydroelectric plants 
mainly due to limited access to the hydrological potential, delays related to the environmental 
legislation and permission processes for dams and reservoirs as well. 
     In 2002 the Brazilian government created the PROINFA program with the following 
objectives: increasing the participation of alternative renewable sources such as wind and 
biomass and reducing the greenhouse effect. In Brazil, biomass has been used in the domestic 
energy supply from materials like sugarcane, eucalyptus and residues. 

    Brazil has an enormous potential to generate energy from sunlight, but this production is 
yet to be consistent, given the high installation costs. In recent years, due to government 
subsidies, residential and industrial consumers have been producing their own energy. 

2. R&D activities related to clean energy technology
In recent years there have been frequent changes - from managers, priorities and

policies - from major Brazilian science and technology institutions. Brazil has had the Science, 
Technology and Innovation Program for the Hydrogen Economy in the last decade, but it is 
now stalled. The previous government launched the Science, Technology and Innovation Plan 
for Renewable and Biofuel Energies (2018-2022), which points to the need for hydrogen 
production and storage technologies. However, there are no specific funding programs for 
clean energy or hydrogen. Without long-term guidelines and specific grants, clean energy and 
hydrogen projects will hardly achieve continuity and integration with industry. The 2050 
National Energy Plan in preparation redefines Brazil's energy, clean energy and hydrogen 
R&D priorities. 

  From publications found in Web of Science (WoS) database, it is possible to overview 
Brazil's and UFSCar's contribution to the research on hydrogen production, storage and the 
use. Brazil has its largest global contribution on hydrogen production (2.1%). UFSCar stands 
out in the research on hydrogen production (11.3% of brazilian publications) and storage 
(23.4%). 
On hydrogen production, UFSCar focuses on the development of (1) new functional materials 
for water splitting, (2) heterogeneous catalysts for methane and ethanol performing reactions 
and (3) catalysts for the removal of CO from hydrogen streams. On hydrogen storage, a 
prospective study conducted by UFSCar identified exponential growth in WoS publications 
between 2000 and 2009, followed by stabilization until 2015. The publication number 
remains stable since then. Thirteen researched materials classes for hydrogen storage were 
identified. The most researched are Metal-Organic-Frameworks (MOFs), Simple Hydrides 
and Carbon-based materials. UFSCar is carrying out research on (1) High Entropy Alloys 
(HEA), (2) Mg and Ti alloys and (3) advanced processes such as severe plastic deformation 

(3) Brazil: Universidade Federal de Sao Carlos (UFSCar)
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and high-energy ball milling applied for Mg- and Ti-based alloys. Future challenges in clean 
energy technologies, expected international collaborative framework in your institute. 

3. Specific Research activities in hydrogen, CCUS, and related technologies
One of the most important technological issues for enabling H2 energy is the development

of ways to store it safely, efficiently and economically. Solid state hydrogen storage using 
metal or complex hydrides is an interesting alternative when compared to the more 
conventional gaseous (under high pressures, e. g. 700 bar) or liquid (under very low 
temperatures, e. g. 21 K), especially due to the high gravimetric and volumetric capacities 
that can be attained. Metal or complex hydrides can present also other interesting functional 
applications, as heterogeneous catalysis, refrigeration, thermal energy storage and 
electrochemical energy storage, among others.  

In our Laboratory of Hydrogen in Metals (LH2M) at the Materials Engineering 
Department (DEMa), we work since 2001 on the development of materials and technologies 
related to solid state hydrogen storage, producing more than 70 papers in peer-reviewed 
journals. So far, we have concentrated our efforts on Mg- and Ti-based systems. On the 
context of solid hydrogen storage, magnesium-based materials are sometimes called 
‘high-temperature hydrides’, with high gravimetric capacity, while titanium-based materials 
are called ‘low-temperature hydrides’, presenting also low gravimetric capacities. In the case 
of Mg, we have developed studies for the synthesis or processing of MgH2, Mg2FeH6, Mg2CoH5 
containing different additives or second phases. Commercial Mg alloys as AZ31, AZ91, ZK60 
were also investigated as low cost hydrogen storage materials. In the case of Ti, we studied 
the TiFe intermetallic and also body-centered cubic Ti-Cr-V (or related compositions) 
processed by different mechanical routes.   

We have shown in a series of scientific papers1 that processing routes involving severe 
plastic deformation (SPD) – e. g. extensive cold rolling or cold forging, equal channel angular 
pressing deformation, etc. – can be used to produce nanostructured Mg- or Ti-based materials 
for hydrogen storage. Compared to the more conventional high-energy ball miling (HEBM), 
the SPD techniques are faster and more straightforward and therefore are possibly less costly. 
The processing conditions can be adjusted to allow full H-absorption/desorption to occur in a 
few minutes. The materials processed by SPD have a much lower surface area than the 
ball-milled powders and therefore are much less susceptible for contamination by the 
impurities present in air, as oxygen and moisture. The development of the SPD processing 
routes for Mg- or Ti-based materials aiming hydrogen storage is a recent achievement that 
counted with intense contribution of researchers from UFSCar.  

Related programs/projects conducted by the institute (further information on 
programs/projects are found in the template)  

• Processing and Characterization of Amorphous, Metastable and Nanostructured
Alloys/Development of nanostructured Mg-based nanocomposites with enhanced
H-absorption/desorption properties for hydrogen storage (2014 – 2019)

• Mg- and Ti-based Alloys with Controlled Microstructure, Texture and Surface Area
for Hydrogen Storage / Comparative evaluation of the effects of different processing
routes on structural characteristics and hydrogen storage properties of selected Mg- 
and Ti-based alloys (2017/2020)

4. International collaboration

1 The main results of our contributions in this topic are summarized in the review entitled ‘Hydrogen Storage in 
Mg and Mg-Based Alloys and Composites Processed by Severe Plastic Deformation’ by D.R. Leiva, A.M. Jorge, 
Jr., T.T. Ishikawa and W.J. Botta (Materials Transactions, v. 60, p. 1561 – 1570, 2019). 
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4-1 International alliance/networking development
UFSCar has a strong participation in international cooperation agreements in research. It

has partnerships with 55 research international institutions distributed in 23 countries, and in 
technology there are 48 institutions in 20 countries. These international cooperation include 
joint projects, exchange of researchers, workshops and specific sessions on the subject in 
large congresses organized by Brazilian entities. Of these 20 countries, Spain, France, 
Germany and Canada highlight for an academic relationship for the training of graduate 
students. All these activities have contributed to the scientific and technological strengthening 
of our researchers, our institution and also to the formation of our students. 

4-2 International joint R&D activities
UFSCar through its research agency has encouraged its various groups to develop renewable

energy technologies such as biomass, photovoltaics and hydrogen generation with
international participation. For hydrogen storage, UFSCar has partnerships with 38 research
institutions distributed in 17 countries. For biomass, UFSCar has partnerships with 320
research institutions distributed in 28 countries. All of these research groups have received
financial support from various government agencies such as FAPESP, CNPq and CAPES and
some with support from the private sector.

Related programs conducted in the institute (further information on programs/projects are 
found in the template) 
 Investigation of water electrolysis and photo-electrolysis. Development of new

functional materials for water splitting. Study of the functional aspects of water
splitting reaction using finite elements methods.

 Hydrogen and Synthesis gas production by reforming reactions.
 High Entropy Alloys for Energy Storage Based on Hydrogen/Applied and basic

research on the electrochemistry and H-sorption properties of multicomponent alloys
aiming hydrogen storage applications.

 Mg- and Ti-based Alloys with Controlled Microstructure, Texture and Surface Area
for Hydrogen Storage / Comparative evaluation of the effects of different processing
routes on structural characteristics and hydrogen storage properties of selected Mg- 
and Ti-based alloys.

5. Future perspectives
   Researchers from the Hydrogen Storage Group at UFSCar are constantly working with 

national and international collaborators to advance the development of materials with 
enhanced hydrogen storage properties that could be produced with low cost. Many details 
remain unexplained regarding the correlations between structure and properties of SPD Mg- 
or Ti-based based materials for H2 storage. Several challenges are still faced to improve the 
attractiveness of these alloys or composites for hydrogen applications. New and interesting 
results are continously being obtained by the use of unconventional processing routes, as for 
example friction stir processing (FSP); by the adaptation of more conventional processes as 
cold forging or filling; or by the variation of significant processing conditions, e.g. performing 
cold rolling under protective atmosphere. The elaboration of Mg or MgH2-based composites 
with relevant amounts of low temperature hydride formers as TiFe or LaNi5, should bring 
consistent advances in the level of the hydrogen storage properties. The new concepts of alloy 
design related to ‘high entropy alloys’ are currently under investigation at UFSCar, as well as 
the production of metal-polymer nanocomposites for hydrogen storage, with better 
air-resistance. 
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Dr. Walter Libardi

2016 Vice-President, Federal University of São Carlos(current). 
2014 Head of the Materials Engineering Department. 
2011Coordinator of the CAPES/BRAFITEC Program 
2007 Coordinator of the Materials Engineering Course. 
2004 Coordinator of the Materials Engineering Course. 
1993 Visiting Scholar, Northwestern University-USA 
1991 Vice-Coordinator of the Materials Engineering Course. 
1981-Coordinator for Mechanical Teacher Training 
1980 Vice-Coordinator of the Materials Engineering Course. 

Research Biography 
2010 – Concrete Creep 
2000 - Mechanics of Refractory Concrete Fracture 
1993 – Concrete Fracture Mechanics 
1980- Mechanical Vibration of Thin Bars 
1976 – Mechanical Vibration 

Academic Background 
1990 Ph.D. in Engineering, University of São Paulo 
1979 Master of Engineering, University of São Paulo 
1975 Bachelor of Engineering, University of São Paulo 
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(with short印mmary)
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<Example>●●●●Project 
Desctibe the 印mmary of lhe project 
(period of the projecQ Cun:ent 

Desaibe the ta内el and/or goals of the project. IDr.......，●● 
Note the numerical purpose (l i年ible).

|

eg畑reduction of ■ ■ to●kWh/yen in 
2020 

(Domestic)●●Resea心Institute， ▲▲lh如s://www●●●
Un油向， etc.
(lntemalional)●● 
応red ooDaborat ion) ●●field test ， ▲▲ 
modelng, ■ ■ standal<I, etc. 

lnvestiga函of匹ter electrolysis and photoelectrolysis. Development of new funclional materials for water spl面'l<J.S叫Optimize H2 yield. Cl,angi-,g operational 

|oft'1e fundamental a如Sof"ater叩fitling-actionusIng fmite element methods |conditionsloimpmve the effICIency 
Cu匹nl

Prof. Dr Ernesto C. Peぷra

Production 
Hydrogen and Syn伍s gas production by refonni,g reactio虚．

一
ーn

 
g
 3

1 ＇

 

!Development of hete匹eneous cata恥ts for 
me出ane and ethanol reforming reactions, like 

|

Steam reformmg,C02reformi→,Partal !Prof. Jo蕊Man印,Assaf
oxidation and combinations of the訳reactions.

Prof. Elisabete Mo面ra Assaf {IQSC-USP) 

I

DesOn ofHigh EntmpyAlloysfor Hy蛉en StorageApplicationsIDetemnation of specificoomposi1ions of
multicomponent hりh entropy alloys (HEA)叩h optimized hydrogen storage properties. 

Devebpment of HEA for hydrogen storage with I Prof. Guilhem,e Zepon/UFS Car 
high gravinetri: and volumetric c叩うcttswhen
compared to conventional melal hydrides, with 
mild cond心ns (temperature and pre認ure)for
hydrogen a畑の1ion and d四の1ion.

(Domestic) Brazilian Synchrotron Liかt
Laboratory: (International) Universit6 du 
Ou6bec 6 Trois-Rivi6res. UOTR. Canada; 
Max-Planck-lnsti皿far Kohlenforschun、
Germany, Kyushu University, J叩an.

High En匹y Alloys for EneNJy St匹ge細d on H沖en/ Applied and basi:: resea心on如electrochemis切and H-!Development of new均and TH:Onta四HEA I Prof. Walter Botta/UFSCar 

|so呻on pmper1iesof muk1component alloysaiminhhyd匹en storageappica畑s. |for h沖匹en st匹ge a”lica6onspiいh沖咋�n
ncorporation by electrochemical or gas-&<如
me出ods.

Curren 

一，

 

(Don涵tic)Federal University of甜0
Paulo, UNIFESP: University of謎o Paulo.
USP: (International) Universit6 Grenoble 
Alpes, UGA. France: Universit6 Paris-Est 
Cr6teil Val-de-Mame, Paris)(JI, France : 
Burapha Unive心ity, Thailand, Kyushu 
University. Japan 

Brazil UFSCar 

Mg-and Ti心ased Aftoys with Conlroled Microstructure, Texture and Surface Area for Hydrogen Storage / Compa,ative 
Tra

;:ご |evaluabon oflhe effects of d転nt processing90utes on structuraIcharacleristJ:sand hydmgen storage pmper11es of
selected Mg- and TH>ased aloys・Cu『mn1

こ二1-
Proce認ing and Characterization of Amorphous, Melast曲le and Nanostructured AJoys I Development of nanostructured 
Mg七ased nanocompos•es with enhanced H-absorption/desorption proper1ies佃hydrogen storage. 

Qra1 

2 i | ’“"UE鬱』19に ＇ 

Hydrogen purification - PROX 

CurrC'nl 

U面ization I ュ |細し.,..“” ＇

1伽tical evaluation of proce認ing routes baぉd onI Prof. Daniel Rodrigo Leiva/UFSCar !(Domestic) State University of Campinas, 

|：
1

し：：こ
la

i:
C

,:
0

p=.二| |i愕笠ぷ:
e゜：字：ru悶ば霊血よte

alloys for hydrogen storage. University of Rio de Janeiro. UERJ: 
(International) Universit6 du Ou如ca
Trois-Rivi6res, UQTR. C・nada: Burapha 
University at Chanthaburi. Thailand: 

Centro At6mico Bariloehe, CAB, 
Argentina: Univばsidad N<:ional de La 
Plata, UNLP. A屯entina: Kyushu 

(Domestic) State University of Campinas, 
UNICAMP; Nuclear Research In遥ute, IPEN; 
University of誌o Paulo, USP; State University of 
Rio de Janeiro, UERJ; {lntemational) Univers曲
du Q必如Ca Trois-Ri西res, UQTR, Canada; 
伽rapha Universty at Chan紐uri, Thailand; 
Centro Atomico Bariloche, CAB, Argentina; 
Universidad Ncional de La Plata, UNLP, 
知n匹

Fundamental and technological aspects related 
to MgH2， Mg2FeH6, Mg2CoH5 and TifeH I Prof. Claudio Shyi,ti 
nanostn,ctured hyd匹en stora,e materials |知Inamj,\JFSCar
prod心d by advanced pr“生匹techniques.

Development of catalysts lo『removal of CO from 
hydrogen streams -study of preferential 
oxidation reaction of CO {PROX-CO) 

Prof. Jo蕊Man如tA認af Prof. Elisabete恥ぷra心f (IQSC-USP) 

88



Country I，匹titute I Catego,y 
Related programs 
(wi1h s如印mmary)

Ta呼t/ Goal Outcome Lead person I 0りanization Partnersh-, (ij any) Related information 

!<Example>●●●● Project 
D匹ibe the summary of the即oje咤urrent
[periodoftheか如l

Des心the target and/o, goals of the project. IDr. -，●● 
Note lhe numerical purpc蕊"possible).

e.g. Cost red uction of ■ ■ to● kWh/yen,n 
2020 

(Domestic)●●R⇔ea心Instnute， ▲▲ lhttps://www. 
Unive向， etc.
(lntemational)●● 
(Desired collaboration) ●●field test,▲▲ 
modeling, ■ ■ standard , elc. 

International Joint Research Program for Innovative Energy Technology/ Production of usefvl chemicals usng solar 

1energy(2015-2019) 
Artificial 

Pholosynthesis, 
So

:z
h
:z

Is

,IIII 

curren 

． A[
 

Proposal and demonstrabonofeost e知油
1 artifICiaIpholosynわesislechnologies usmgsolar D『Kazuhiro Sayama I RCPV, AIST|（恥匹Stic)UnIvers涵， Privatecompan涵

'· ··-· 
l(US) Brookhaven National l曲oratory

energy 

Japan AIST 

Development of Technology lo『NextGeneration Thermal P畑e『Generation Project/ Development of Fundamental 

I
T echnology lo, Next Generation Thenna l Po匹rGeneration Project/Dev故,ping of CO2 U直zation Technology Project 
!2017-2019) 

Me1'1analion 
Curren 

一

Extraction of technical iss曲s and providing 
possible solutions for realizing a 400 Nm31h 
methanation如I

IDr. Ki,ya S曲nishi / FREA, AIST (Domestic) NEDO, INPEX Corporation, Hiachi 

l
z匹n Corporation, Nagoya Univ 

PotoX 

89



2nd RD20 Oct. 9 2020 

National Research Council Canada 

Dr. Susanna Laaksonen-Craig 
Director General, Energy, Mining, and Environment Research Centre 

1. Introduction
Clean energy, low-carbon technologies, GHG emissions reduction and climate change are

high priorities for all levels of government in Canada. These priorities are reflected in a multitude 
of specific policy actions including but not limited to Canada’s commitment to the Paris Accord, 
Mission Innovation, the Sustainable Development Policy, the Pan-Canadian Framework on 
Clean Growth and Climate Change and numerous clean energy programs administered by 
departments responsible for Environment and Climate Change (ECCC), Innovation, Science and 
Economic Development (ISED) and Natural Resources Canada (NRCan). 

As the federal government’s primary research and technology organization, the NRC 
mandate is to provide R&D support to public policy formation, innovation in industry and 
knowledge development. The NRC catalyzes technology development within its own research 
facilities and by working alongside university, provincial and other federal science-based 
departments and laboratories.  

The NRC is a collaboration focused science and research organization that supports partners 
from government, industry, and academia with over 3700 scientists, engineers, and technicians 
across 22 R&D sites across Canada covering a range of economically important sectors from 
Engineering to Life Sciences. NRC researchers work along the entire technology readiness scale, 
from fundamental research, to technology development and scale-up, to prototyping and field 
testing. 

2. R&D activities related to clean energy technology
NRC conducts R&D activities across a wide range of clean energy technologies and

applications. Key R&D activities dedicated to adjacent areas of clean energy, but not specifically 
on hydrogen and CCUS discussed in the next section, include: 

 Emissions reduction through electrification, concentrating on energy storage 
technologies for both stationary and transportation applications, and integration of new 
technologies into grid and vehicle systems 

 Development of bioenergy resources through improvement of biomass and organic waste 
conversion, biofuel upgrading, and certification and integration of sustainable fuels 

 Increasing fuel flexibility of conventional power generation technology such as has 
turbines 

 Increase energy efficiency, productivity and clean energy use in mines to reduce 
emissions and environmental impact 

 Use of alternative biofuels and improving efficiency in aircraft, surface and marine 
vehicles  

 Electrification of heavy and long-distance transportation 
 Develop, deploy and validate the energy performance of retrofit technologies for 

commercial and institutional buildings 

3. Specific research activities in renewable energies, next generation energy management
system with batteries, hydrogen, CCUS, and related technologies

(4) Canada: National Research Council Canada (NRC)
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Canada has plentiful emissions-free and dispatchable hydroelectricity resources, but cold 
climate, sparse population and long distances create a mix of energy demand that is not amenable 
to electrification and bioenergy alone. While global energy sector developments focus on 
electrification and biofuels, the implementation pathways for these technologies do not fully 
address Canada’s unique needs and a gap remains. Canadian emissions remain dominated by the 
oil and gas, emissions-intensive chemical processing industries, and long distance and heavy 
transportation sectors. All these sectors rely on fossil fuels. Projections suggest that for Canada 
to meet its COP 21 commitments, a new disruptive and economically viable technology that 
offers an additional option for GHG emissions reduction in these sectors will be required.  

The NRC has a rich history in supporting hydrogen and CCUS technologies. Examples 
include the Institute for Fuel Cell Innovation in Vancouver where significant advances in fuel 
cell technologies were achieved with Canadian, European and Japanese collaborators. The Algal 
Carbon Conversion Program worked with large industrial emitters in the fossil fuel and cement 
industries to capture and convert emissions to fuels. 

NRC is tackling some of the emissions reduction gaps identified above through activities 
under a number of programs: 

 Materials for Clean Fuels (MCF) Challenge Program 
The MCF Challenge Program, launched in summer 2019, is a 7-year $57M 
collaborative research program aimed to develop technology to decarbonize Canada’s 
oil & gas and petrochemical sectors. It brings the National Research Council (NRC) 
together with academic and small-medium enterprise (SME) collaborators. The 
program seeks to develop high-risk, high-reward technologies at a low TRL (1-4) 
towards prototype and demonstration. There is a strong emphasis on catalyst and 
membranes materials (and associated devices) for artificial photosynthesis and 
renewable fuels/chemical feedstock production. The program focuses primarily on three 
themes: 
o CO2 conversion (5 active projects)
o Industrial H2 production (9 active projects)
o AI-accelerated materials discovery (2 active projects)

 Vehicle Propulsion Technologies (VPT) Program 
The VPT Program, launched in 2012, has 27 researchers and funding of C$5 million 
per year, on average. The program hosts NRC R&D activities aimed at assisting industry 
and policy development in vehicle electrification and clean transportation sectors by 
focusing on technology development needs related to: 
o Advanced Electric Motors (6 active projects)
o Batteries (23 active projects)
o Hydrogen Applications (10 active projects)
o Alternative Fuels (3 active projects)

 Advanced Clean Energy (ACE) Program 
The ACE Program, currently being launched and incorporating the activities of previous 
NRC programs, is a 7-year program with a total budget of C$50 million and 30 to 40 
FTEs at NRC. The program focuses on key enablers for electrification and alternative 
fuels to accelerate emissions reduction and the transition to a clean energy economy, to 
support Canada’s commitment to zero emissions by 2050. Alignment of these activities 
with the global priorities identified by the IEA creates opportunities to work with 
Canadian and international partners towards common goals. The ACE research 
priorities are: 
o Energy Storage Materials and Devices (4 active projects)
o Low Carbon Fuels (7 active projects)
o Zero Carbon Fuels (projects in early planning stage)
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 Green Aviation Research 
Canada is a major global player in aviation with a strong supply chain ranging from 
aircraft and engine OEMs to major international airlines. In support of Canada’s and the 
Industry’s carbon reduction targets, NRC’s Aerospace Research Centre, with an 
approximate total of 340 staff members and yearly budget of $55M, presently 
undertakes key R&D activities to support the de-carbonization of the sector through 
focused R&D in two main thematic areas: 
o Advanced Aircraft: E.g. Novel aircraft configurations, ultra-efficient engines,

lightweight structures and advanced materials (4 active projects)
o Clean Energy Sources: E.g. Electrification, and Sustainable Fuels (7 active

projects)

4. International collaboration
4-1 International alliance/networking development

NRC values international collaboration and actively works with international partners
through various mechanisms to advance clean technology R&D. The international partnerships 
are a key aspect of building strategic platforms for future initiatives and opportunities, and NRC 
plays a central role to connect the key stakeholders in domestic and international innovation 
ecosystems. In 2019, NRC opened its first international offices in Japan and in Germany to 
facilitate closer interactions and collaborations, and reflecting a growing commitment to 
facilitate broad, international exposure of its research and researchers.  As we opened our Japan 
office at the same time that the 2019 RD20 was held, NRC and AIST also signed an MOU on 
research cooperation, with several opportunities for collaborative projects now being explored. 
Other MOUs facilitate our work with key international partners such as UKRI in the U.K., 
RWTH Aachen and DLR in Germany and KIAT in Korea.  

Additionally, through delivering Canada’s associate membership in EUREKA, the NRC 
provides funding to support Canadian firms and innovators to undertake co-innovation projects 
with Europe and beyond. NRC worked with NEDO just recently in a EUREKA Globalstars 
(consortia) call for proposal to support collaborative R&D projects between Canadian SMEs and 
Japanese corporations. 

As other examples of international collaboration, NRC represents Canada on technical 
working groups at the IEA (TCPs on Energy Storage and Hydrogen), Mission Innovation 
Challenges (Technical lead for Hydrogen and Solar Fuels) and the World Bank Energy Storage 
partnership. Relationships with the US Department of Energy research laboratories, particularly 
ARPA-E and the National Renewable Energy Laboratory, are maintained to coordinate NRC 
work towards clean energy solutions with those in the US. 

4-2 International joint R&D activities
The following ongoing projects involve international collaborators (institutes taking part in

RD20 marked in bold): 
Low-temperature ammonia electrosynthesis from N2 and water: Imperial College
London, UK
High Performance Membrane Electrode Assemblies for Alkaline Solid Electrolyte Water
Electrolysis: Helmholtz-Institut Erlangen-Nürnberg for Renewable Energy, Germany
Artificial intelligence accelerated materials discovery for platinum-group-metal-free
acid-stable oxygen evolution reaction catalysts: Carnegie Mellon University, USA
Materials assessment and quality control of fuel cell technologies for surface transport
applications: Fraunhofer ISE (Germany), NREL (USA), CEA (France), HySA
(South Africa)
Process development including membrane manufacturing and conditioning/additives
impact for fuel cell technologies: NREL (USA), 3M (USA), Solvay (Italy)
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Energy Storage Model Development with IEA ECES Annex 32: IEA ECES Member
Countries
Enabling the manufacturing of advanced solid-state batteries: AIST (TBC) (Japan)
Advanced manufacturing and design solutions for electric motors: Boeing (USA)
Low Emission Burner development for turbine application: Korean Institute of
Machinery and Materials (Korea)
Engine Inlet Velocity Profile Effects: GKN Aerospace Engine Systems (UK)
Alternative Fuels to 100LL: Federal Aviation Administration (USA)
National Jet Fuel Combustion Project: International consortium including FAA (USA),
engine OEMs, more than 10 universities from USA and UK, and DLR (Germany)

5. Future perspectives
Canada is developing a plan to achieve net-zero emissions by 2050 and will set legally-

binding, five-year emissions reduction milestones. The government will increase clean electricity, 
invest in greener buildings and communities, accelerate the electrification of transportation, and 
adopt nature-based climate solutions. 

A 2019 analysis shows that in 2030, Canada’s emissions are projected to be 227 million 
tonnes (Mt) below what was projected in 2015. This is a historic level of emissions reductions. 
Policies and measures now in place, including those introduced in the last year, are projected to 
achieve a level of emissions 28 million tonnes lower by 2030 than 2018’s projections. 

The dependence on fossil fuel feedstocks of the energy and chemical industry presents an 
important emissions challenge for Canada. Liquid fuels remain the densest form of consumable 
energy and despite penetration of electric vehicles, will be required for freight, flight, and home 
heating for the foreseeable future. The demand for emissions-heavy petrochemicals such as 
ethane and naphtha continues to grow given the downstream use of these feedstocks to 
manufacture consumer goods such as personal care items, food preservatives, fertilizers and 
furnishings that will be needed in higher quantities to supply a growing worldwide middle class. 
A less CO2 emissions intensive alternative to produce fuels and chemical feedstocks must be 
found in order to mitigate future CO2 emissions.  

There is a growing need for low-carbon technology alternatives to current CO2 emissions-
heavy processes that produce chemicals and fuels. Concurrently, global societal need for 
chemicals and fuels continues to grow, especially in developing economies. 

The NRC will continue to develop hydrogen and CCUS technologies for uptake and 
implementation by Canadian industry. In addition to the Materials for Clean Fuels Challenge 
Program, the NRC is currently engaged in several other clean energy initiatives including the 
launch of the Advanced Clean Energy program to address energy storage and bio-energy 
applications. 

Research Centres across the NRC continue to conduct further R&D on clean energy 
technologies, integration and use in transportation, manufacturing and other end-use areas. 
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Dr. Susanna Laaksonen-Craig 
Director General 
Energy, Mining and Environment Research Centre 

Dr. Susanna Laaksonen-Craig is the Director General for the 
NRC's Energy, Mining and Environment Research Centre. 

Before joining the NRC in 2018, Dr. Laaksonen-Craig was the 
Assistant Deputy Minister for British Columbia government's 
Climate Action Secretariat in the Ministry of Environment 
and Climate Change. She also held a number of Executive 
Director and Director roles in the Ministry of Forests, Lands 
and Natural Resource Operations. 

Prior to joining the BC government in 2007, Dr. Laaksonen-
Craig worked as an assistant professor at the University of Toronto's Faculty of Forestry, as the 
Assistant Director of the University of California Forest Products Laboratory, and as a 
researcher for the Finnish Forest Research Institute. 

Dr. Laaksonen-Craig holds a master's degree in Forestry from the University of Helsinki and a 
Ph.D. in Wildland Resource Science from the University of California at Berkeley. Dr. 
Laaksonen-Craig has been an Adjunct Professor at the University of Toronto's Faculty of 
Forestry since 2007. 
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2nd RD20 Oct9 2020 

Recent Advances in CO2 Conversion in CAS 

LIU Zhongmin  
Dalian Institute of Chemical Physics, Chinese Academy of Sciences 

1. Introduction (Times New Roman or Times-Roman 12 pt)

A global transition to a clean, efficient and diverse energy system is accelerating. With the
plan of building an energy sector that is clean, low-carbon, safe and efficient, “Revolutionary 
Strategy of Energy Production and Consumption (2016-2030)” was drafted and published by 
Chinese government, providing an insight of energy policy and development paths of China 
toward 2030 and 2050. Remarkable improvement have been made in technology and equipment, 
and in the efficiency of both domestic and industrial energy use. Recently, the uptake of 
renewable energy is greatly enhanced in China. Meanwhile, the fossil fuels still plays and will 
play a major role in the energy consumption, as well as chemical production in China. With 
China’s ambition of descending CO2 emissions per unit of GDP in 2030 to 60%-65%  than in 
2005, the CO2 utilization technologies are developed rapidly in China. Fossil energy coupled 
with CO2 conversion and utilization technology, which has experienced rapid growth in recent 
years due to the easy access and low cost of fossil energy, will bring huge carbon emission 
reduction potential and economic benefits in the near future. 

2. R&D activities related to clean energy technology

To meet the national strategic demands, a new idea on the development strategy of energy
technology of China is proposed, which is construction of a new energy system by integrated 
development of fossil energy, renewable energy and nuclear power. 

Instead of coal-firing for power generation, conversion of coal into diverse chemicals could 
be an approach for clean coal utilization. DMTO, DMTE, syngas to olefins, and other 
technologies have been developed and industrialized. Renewable energy related researches 
have also been conducted from fundamental understanding to applications in solar energy, 
energy storage, fuel cell, etc. To realize the carbon cycle for coal utilization and decrease the 
carbon emission, hydrogen, generated from electrolysis with renewable energy, could be taken 
as the “carrier”. And hydrogen related studies, include production, separation, storage and 
utilization, have been carried out in DICP. The research on conversion of CO2 has also been 
conducted, including eletrochemical CO2 reduction reaction and catalytic reduction of CO2 to 
produce olefins, fuels. 

3. Specific research activities in renewable energies, next generation energy management
system with batteries, hydrogen, CCUS, and related technologies

The CO2 utilization technologies are developed rapidly in China. Fossil energy coupled with
CO2 conversion and utilization technology, which has experienced rapid growth in recent years 
due to the easy access and low cost of fossil energy, will bring huge carbon emission reduction 
potential and economic benefits in the near future. Meanwhile, nuclear/renewable energy 
assisted CO2 to fuel and chemicals technology, boosted by the advancement of zero-carbon 
power generation technologies, promises to be one of the most competitive controllable CO2
reduction technologies in the medium term. Solar-driven CO2 conversion technology, which 

(5) China: Chinese Academy of Sciences (CAS)
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can realize the ecological carbon cycle, is expected to be the most promising CO2 reduction 
technology in the long run. 

Related programs/projects conducted by the institute 
 Strategic Priority Research Program of Chinese Academy Science/  Hydrogen/liquid

fuel from renewable energy (2018-2023)
 Strategic Priority Research Program of Chinese Academy Science/Non-Electric

Applications of Nuclear Energy (2018-2023)
 Strategic Priority Research Program of Chinese Academy Science/ 100% Renewable

Energy Application Demonstration (2018-2023)
 Strategic Priority Research Program of Chinese Academy Science/Key technologies

and demonstration of renewable energy (2018-2023)

4. International collaboration
4-1 International alliance/networking development

DICP is an internationally well connected institution. Through academic communication,
personnel exchange, students cultivation, joint projects, symposium and conferences, DICP is 
tightly cooperated with universities, institutions and companies around the world. Today our 
faculty members are playing active roles in more than 100 international academic communities. 
We have also established strategic partnerships with internationally well-established research 
institutions and companies. 

Since 2006, each year, DICP provides more than 1 million Yuan to support the DICP 
Symposium Program in an effort to promote the international communication and collaboration 
between DICP and the international scientific community, to discuss new research area or 
emerging research direction in-depth.  

In the past 2 years, 2nd CAS (Chinese Academy of Sciences) and RS (Royal Society) joint 
Policy Dialogue, CAS-ASSAF (Academy of Science of South Africa) - Leopoldina (German 
National Academy of Sciences Leopoldina) joint symposium, CAS-CEA (the French 
Alternative Energies and Atomic Energy Commission) joint symposium, CAS-NST (National 
Research Council of Science and Technology, South Korea) joint symposium, had been held by 
DICP in energy related aspects, such as energy storage, energy efficiency, carbon cycling, which 
promotes the communication of CAS researchers with scientists all over the world.  

4-2 International joint R&D activities

DICP is conducting energy related researches with partners all over the world in the field
of fundamental and applied research. The topics cover a wide range of fields, including bio-
Fuels, solar energy and solar fuels, energy storage, fuel cell, hydrogen generation and storage, 
catalytic process for fossil energy utilization, etc.  

Related programs conducted in the institute 
 Efficient Utilization of Heat and Electric power from Renewable Energy in Urban

Areas Mediated by Hydrogen Energy Project（2016-2019）

5. Future perspectives

Fossil Fuels, especially coal still dominates the China energy market, and will be an
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important component of it in a long time. To realize China’s ambition on environment protection, 
it is critical to integrated develop fossil energy, renewable energy and nuclear energy. The 
Chinese government has launched a series of policies, regulations and guidance to accelerate 
the technology development and industrial upgrading. To meet national strategic goals, China 
encourages innovation in technology, in industry, and in business models, and will pursue green 
and low-carbon energy development suited to national conditions and adapted to positive 
international trends in the energy technology revolution. As an institute with long history of 
conducting energy research, DICP puts best efforts to promote the development of energy 
technology to meet national strategic demands. Through carrying out the CAS Strategic Priority 
Research Program “Transformational Technology for Clean Energy and Demonstration” 
together with other institutions of CAS, DICP is willing to provide cutting-edge theories and 
technologies and to realize clean utilization of fossil energy, renewable energy demonstration 
and “Liquid Sunshine” technology application, for the construction of a clean, low carbon, safe 
and highly efficient energy system. 

103



Prof. Zhongmin LIU 

2019 Vice President, Executive committee, International Zeolites 
Association 
2017 Director General, Dalian Institute of Chemical Physics 
(DICP) and Qingdao Institute of Bioenergy and Bioprocess 
Technology (QIBEBT),CAS (Current) 
2015 Academician, Chinese Academy of Engineering 
2011 Director, National Energy Low-carbon Catalysis and 
Engineering R&D center (Current) 
2008 Director, National Engineering Laboratory for Methanol to Olefins (Current) 
2008 Deputy Director General, Dalian Institute of Chemical Physics, CAS 
1996 Professor, Dalian Institute of Chemical Physics, CAS 
1994 Associate professor, Dalian Institute of Chemical Physics, CAS 
1991 Assistant professor, Dalian Institute of Chemical Physics, CAS 

Research interests: 

· Catalysis and New Catalytic Reactions

· Molecular Sieves Synthesis

· Methanol & Derivatives Conversion Technologies

· Syngas Conversion

· Hydrocarbon Conversion Research

· Multiphase Catalytic Process Development and Scale-up

· Engineering R&D

Major Honors 
2018 Professional Achievement Award for Innovations in Green Process Engineering by AIChE 
2017 National Innovation Competition Awards 
2017 The 6th Chinese Catalytic Achievement Award in 
2015 The Science and Technology Innovation Award of 2015 HLHL Foundation 
2014 The state Technological Invention Awards First Prize on “The technology of methanol 
to olefins (DMTO)” 
2013 The China Petroleum and Chemical Industry Federation (CPCIF) Science and technology 
Progress Award (special class) on “ Sets of Industrial Technology Development and 
Application in Demonstration Project of Coal to Olefin in Baotou” 
2012 National Engineering Laboratory for Methanol to Olefins won the state Innovative Talents 
Promoting Plan in Key Area 
2011 The research group for methanol to olefins won Outstanding Science and Technology 
Research Achievement Prize of the Chinese Academy of Sciences 

104



Dalian Institute of
Chemical Physics
(DICP), CAS
Shanghai Advanced
Research
Institute(SARI), CAS

Production

 Strategic Priority Research Program of Chinese Academy Science/  Hydrogen/liquid fuel from renewable energy Development of  SPE Water Electrolysis system

Prof. Zhigang Shao/ DICP
Prof.Yuhan Sun/ SARI

Shanghai Institute of
Applied Physics
(SINAP), CAS

Production

 Strategic Priority Research Program of Chinese Academy Science/Non-Electric Applications of Nuclear Energy Development of high - temperature electrolysis
hydrogen production equipment

Prof. Jianqiang Wang/ SINAP

Target / Goal Outcome Lead person / Organization Partnership (if any) Related informationCountry

China

Institute Category Related programs
 (with short summary)

2018 - 2023(R&D 

2018 - 2023(R&D 

Current 

Current 
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China

Dalian
Institute of
Chemical
Physics
(DICP), CAS

Production

 Strategic Priority Research Program of Chinese Academy Science/  Hydrogen/liquid fuel from renewable energy Pilot demonstration of direct convert CO2 to Fuel
with capability of kilotons/a.

Prof. Zhigang Shao/ DICP
Prof.Yuhan Sun/ SARI

Lead person / Organization Partnership (if any) Related informationCountry Institute Category Related programs
 (with short summary) Target / Goal Outcome

2018 - 2023(R&D 

Current 
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Institute of
Electrical
Engineering
(IEE), CAS multi-energy

 Strategic Priority Research Program of Chinese Academy Science/ 100% Renewable Energy Application Demonstration 100% Renewable Energy Application
Demonstration in Huangdicheng Town

Prof. Yaohua Li /IEE

Guangzhou
Institute of
Energy
Conversion(G
IEC),
Qingdao
Institute of
Bioenergy
and
Bioprocess
Technology
(QIBEBT),
CAS

Biofuel 

 Strategic Priority Research Program of Chinese Academy Science/Key technologies and demonstration of renewable
energy Demonstration of comprehensive utilization of

biomass for biofuel and chemicals.

Prof. Longlong Ma/GIEC
Prof. Xuefeng Lv/QIBEBT

Target / Goal Outcome Lead person / Organization Partnership (if any) Related informationCountry

China

Institute Category Related programs
 (with short summary)

2018 - 2023(R&D 

20 8 - 2023(R&D 

Current 

Current 
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2nd RD20 Oct9 2020 

Advanced Research and Development  
of Clean Energy Technologies within CNRS 

A. PETIT, A. SLAOUI
National Centre for Scientific Research (CNRS), France 

1. Introduction

The prospects for sustainable development depend on a sustainable, secure and competitive 
energy supply with reduced environmental impact, both locally and globally. The energy 
problem is part of a complex framework that must respond to several major challenges: 
guaranteeing access to energy for all at an affordable cost, being part of climate change 
mitigation and adaptation, preserving human health and the environment and providing a 
sustainable energy mix. Thus, the strong growth of demand expected by 2030 at the global level 
should be satisfied by a wide diversification of energy sources, by increasing production and the 
integration of non-fossil energy into the network, in particular to control greenhouse gas 
emissions or to limit reliance on feedstocks that are irregularly distributed and inherently limited. 
To meet the needs of diversification of supply and major climate issues, the 21st century will 
therefore be that of the energy transition. 

Since signature of Paris agreement of COP 21, France has adopted several policies to tackle these 
challenges such as the energy transition for green growth (LTECV)1  and the National Low 
Carbon Strategy (SNBC), among others. The goal is to guide technological and societal choices 
towards the objectives and to support the research and development effort (R & D) which is 
necessary for the continuous improvement of existing offers and the development of new options. 
This resulted in the launch in 2016 of a National Energy Research Strategy (SNRE), by the 
Ministries of research, Environment and Sustainability, and industry. This SNRE act aims at 
identifying the R & D stakes and the scientific barriers to overcome at different time scales and 
throughout the energy innovation chain to enable the achievement of the objectives of the 
LTECV policy plan in France, while at the same time inscribing this R&D in a broader 
international perspective. 

France is also committed to several European R&D energy policies which focus on the systemic 
issues posed by tomorrow's energy challenges related to new modes of production of energy 
(variable and distributed sources of renewable energy), consumption (energy efficiency at 
industry and building levels...), transport (e-vehicule, smart grids…), and storage (batteries, 
hydrogen…).  

2. R&D activities related to clean energy technology

CNRS, the National Centre for Scientific Research, is the largest research organization in France 
and in Europe. Its mission is to develop fundamental and generic knowledge in all scientific 
disciplines, and to bring out concepts that are breaking down and can lead to innovative products 
and services. CNRS has registred the Energy Transition among the six societal challenges for the 
period 2019-2023.Thus, more than 4000 full time researchers working within 250 CNRS-

1 Among the objectives  Reduce greenhouse gas emissions by a factor 4 between 1990 and 2050 ; Reduce the primary energy consumption of 
fossil fuels by 30% in 2030 compared to the 2012 reference; Increase the share of renewable energies to 23% and 32% of final energy 
consumption in 2020 in 2030, respectively; Set the share of nuclear power in electricity production to 50% by 2025. 

(6) France: Centre national de la recherche scientifique (CNRS)
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Universities joint labs over the whole country and abroad, are currently developing activities on 
topics related to energy. The main research themes of the researchers concern development of 
renewable energies (mainly biomass, solar and marine), flexibility of systems for the integration 
of renewable energies, energy storage including production and utilization of hydrogen energy 
carriers, decentralization and multi-scale governance of energy systems, improvement of nuclear 
energy production and safety, societal and economical aspects related to energy production and 
use, etc. 

CNRS has also established strong collaborations with industry through several joint labs, such 
as with TOTAL, EDF, Air Liquide to mention some. The research topics concern photovoltaics, 
grid network and hydrogen production, respectively. 

3. Specific research activities in renewable energies, next generation energy management
system with batteries, hydrogen, CCUS, and related technologies

To mitigate the problem of global warming, decarbonisation of the energy sector is mandatory. 
It can be provided by using universal Renewable Energy Sources (RES) such as biomass, solar, 
and marine energies. Activities at CNRS labs dealing with biomass (wood, dedicated crops, 
vegetable waste), are mainly focusing on 2nd et 3 generation of biofuels produced by biological 
(ethanol) or thermochemical methods. As for solar energy, most of the R&D is concentrated on 
photovoltaics to develop either new materials based on abundant elements (e.g. metallic oxides 
…), advanced solar cells concepts (e.g. hot carrier solar cells, up/down shift converting layers…) 
or novel device architectures (e.g. 2T or 4T tandem cells). The aim is to develop high-efficient 
solar cells at low cost. 

On the other hand, the energy transition requires the development of efficient energy storage and 
conversion technologies to manage the intermittent nature of the RES and ensure the matching 
between clean energy production and its consumption. Electricity and hydrogen are energy 
vectors particularly adapted to this task. They can be stored by electrochemical (batteries, 
supercapacitors) and physico-chemical (compressed gas and hydride materials) means, 
respectively. They have complementary discharge time-scales and energy densities and can be 
converted from one into another using fuel cells. Some CNRS teams have great and worldwide 
expertise in batteries and supercapacitors with the aim to develop new generation (Na 
batteries…). As for hydrogen, the challenges are the development of equipment for an efficient 
production of hydrogen by electrolysis (preferably at high temperature using “unused” heat), 
production of carbon-free hydrogen from renewable energy resources such as by electrolyzing 
water using electricity generated from solar or wind power, a breakthrough for the 3rd generation 
of PEM batteries for mobility and for innovative storage means (solid as well as organic liquids) 
and the understanding of degradation and aging phenomena. 
In the topic of grid integration, CNRS is working on how connected multi-scaled grids are enable 
effective development and utilization of renewable-based distributed energy resources while 
optimizing quick energy transfer from distributed energy sources to variety of load centres 
(fluctuating, local and regional). The rationale behind it is a potential reduction in the need for 
investment in additional power generating stations. 

Within CNRS, a total of 4500 full time equivalent staff work on the field of energy overall. 
Although all fields of energy are concerned, ranging from nuclear to storage, distribution and 
transports, renewable energy is the main focus of CNRS research on energy, with a total of nearly 
1700 staff working on renewable energy research at CNRS. 
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4. International collaboration
4-1 International alliance/networking development

CNRS has a clear and ambitious international collaboration strategy as witnessed by the 
numerous international cooperation tools2 that are offered to build and/or strengthen high level 
collaborations with leading institutes laboratories or Universities over the world. The most 
important and visible instrument for international cooperation of CNRS worldwide is probably 
the International Research Laboratories (IRLs) such as LIMMS in Japan. Such IRLs are located 
in a foreign country, and have facilities where researchers, students, postdocs, and support staff 
from CNRS and the foreign partner’ institution are working together on well-defined topics. The 
Director of the IRLs is jointly named by CNRS and the foreign partner institution(s). The IRLs 
have a duration of five years and can be reconducted. 

Other international cooperation tools are the International Research Projects (IRP) which are 
collaborative research schemes between one or more CNRS laboratories and one or two 
laboratories from foreign countries. The purpose is to strengthen previously-established 
collaboration through short- and medium-term scientific exchange, in addition to organising 
working meetings or seminars, developing joint research activity including field research, and 
supervising students. These programmes have usually a duration of five years. Another tool is 
the International Research Network (IRN) dedicated to structuring international research 
networks with a focus on a common theme or research infrastructure. It promotes the 
organisation of international workshops and seminars, as well as thematic schools organised by 
the network partners in France and abroad. It lasts for five years. There is also the International 
Emerging Actions (IEA) tool dedicated to exploring new topics and partnerships at the 
international level through PI-to-PI projects. The actions are usually short-term mobility of 
scientists, the organisation of working meetings, and the initiation of early-stage joint research 
works for shared scientific projects. Such projects are funded for a duration of two years. 

It should be added that around 55,000 short visits (conferences, stays…) and secondments are 
also carried out by the CNRS fellowships over the world each year. More important, over 200 
researchers (including secondments) perform research in foreign institutions for durations of one 
year or more. As a result, over half of the organization’s publications are joint publications with 
international partners witnessing the CNRS’ international vitality.  

CNRS is also a major player in the development of the European research area and thus an 
important contributor to the European integration process. These last years, CNRS’ researchers 
have participated to more than 1250 EU projects, and about the fourth of them are dealing with 
energy. CNRS also took an active part in the International Cooperation projects (INCO) launched 
by the EU commission. Last but not least, CNRS is participating to the European Interest Group 
(EIG) CONCERT-Japan which is a multilateral joint funding initiative between Japanese JST 
and European partners. In 2017, this program was focusing on “Efficient Energy Storage and 
Distribution” ». 

Finally, researchers from the Humanities and Social Sciences department of CNRS are also 
involved in understanding and bringing solutions to issues which are emerging with the energy 
transition. Besides the commitment issue to new technologies (hydrogen for instance), they 
address the anthropological, sociological, political and economic aspects brought by the changes 

2 https //international.cnrs.fr/en/cooperer-a-l-international/ 
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during usages: new consumption trends (consum’actor’ citizens), new mobility, new markets, 
policies, multilevel managements, in addition to protection of privacy, availability of energy to 
all... 

4-2 International joint R&D activities

It is worth saying that a high number of projects are carried out with European partners thanks 
to the bilateral and European commission on Clean and Sustainable Energy programmes. Yet, 
CNRS has used the tools mentioned above to fund, totally or partially, several joints projects 
dealing with the development of innovative clean energy technologies involving many foreign 
partners originating from North and Western Africa, North America (USA, Canada), Asia (Japan, 
Taiwan, China, India, Singapore), and Australia. 

To mention some, there is IRP-ATLAS “Associated Trans-Mediterranean Laboratories for 
Applications in Solar Energy,” with Morocco (2017-2021), which is a formal structured 
international laboratory collaboration created by CNRS, Georgia Tech, and Moroccan education 
(MESRSFC) and research (CNRST) entities for international collaborations. This lab will allow 
for scientific synergies in photovoltaics, energy efficiency, and provides resources for the 
exchange of students and researchers, and a platform for building joint projects funded by 
companies and by public sources. There is also IRP NEXTPV (2016-2024) is an International 
Joint Laboratory on next generation of photovoltaic cells, operated by the French CNRS, 
University of Bordeaux and the Research Centre for Advanced Science and Technology 
(RCAST), The University of Tokyo. It aims at developing High efficiency solar cells concepts 
and devices based on III-V heterostructures, hot carriers solar cells and intermediate bands solar 
cells as well as Organic and Hybrid Solar cells. There also the French-SINgaporean network on 
renewable enERGIEs (SINERGIE), an international research network (IRN) resulting from a 
CNRS - NTU joint initiative. It has been formally established in 2017 for 5 years and covers a 
wide range of topics: Smart Grids and Power systems, Energy storage, Wind and Marine 
Energies, Photovoltaics and Green and smart buildings. The last IRN under finale signature is 
the French-Australian research network on Conversion and Energy Storage for stand-alone & 
maritime applications (FACES) which involves several CNRS labs, UNSW, University of South 
Australia and Deakin University. The scientific program of this program is focusing in two main 
research axes, namely electrochemical storage and hydrogen conversion. For the 
Electrochemical storage part, it is intended to design new electrode materials and electrolytes for 
lithium-ion batteries to their upscale, taking into account the Australian local mining and 
development of new battery and supercapacitor chemistries for energy storage, and to work on 
Prototyping, reliability, aging, management and safety tests. As for the hydrogen conversion 
topic, the IRN will address the chemical hydrogen storage related to on-board hydrogen 
production, will study the reversible hydrogen storage aspect and End-use of hydrogen and fuel 
cells, and finally to set a plan for system integration which includes architecture, energy 
management, design methodologies, etc. 

As for nuclear, many international collaborations exist contributing to increase the safety of 
current reactors, to develop innovative reactors (SMR - "Small Modular Reactor", 4th generation 
reactors) and knowledge in the field of storage and dismantling. These collaborations are carried 
out with several countries (Russia, China, Japan, United States, ...), as well as with many 
European Member States within the framework of the programs supported by the European 
Commission. Last but not least, CNRS is involved in the international ITER project to 
demonstrate the feasibility of using thermonuclear fusion in the longer term. 
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5. Future perspectives (beyond 2030)

Mastering the energy mix by 2050 and beyond is an important international challenge that leads 
to major research and specific equipment needs. The energy systems of the future, in whatever 
form, require large investments, major research and development (R & D) with a strong need for 
dedicated research infrastructures. It also involves managing uncertainties (prices, geostrategic 
considerations, learning curves of different technologies, behaviour of actors, etc.) to make the 
decisions that are the least costly in the long term. 

In this context, CNRS will pursue its R&D activities in the field of clean and sustainable energy 
by developing renewable energies (RES) and its storage, by mobilizing bio-sourced materials 
(for example wood in construction), by encouraging controlled and less polluting mobility, by 
offering solutions for energy savings in all sectors, especially industry, buildings, transport, and 
by developing the circular economy, via ecodesign, reuse and recycling. Among the topics, there 
is the development of new and efficient materials for energy for which many challenges emerge 
(need for new generations of lighter, more insulating, more resistant materials, possibly working 
in extreme conditions, to cover the needs of transport, building, storage and conversion of energy, 
etc.). storage of electricity in electrochemical form is an important axis of future R&D at CNRS 
to examine the new technologies of high-performance batteries (stored energy density, load / 
discharge cycles) and supercapacitors with opportunities for industrialization. Other R & D 
topics related to storage will concern for example the production of hydrogen by electrolysis but 
put in a broader perspective related to the multiple uses of hydrogen in several sectors, and 
performing materials for thermal storage. The numerous existing international collaborations in 
the different sectors of energy will be continued and strengthen and other are planned (India on 
photovoltaics, Australia on solar energy…)   

It should be noticed that the major scientific issues, and particularly for the energy sector, pose 
the challenge of having experimental means and research tools at the forefront of scientific and 
technological knowledge. Observation, measurement, storage and sharing of data imply large 
instruments carrying technical capabilities beyond the existing and integrating interdisciplinary 
porosity source of innovation. These tools are the conditions for future discoveries as well as the 
product of the latest scientific and technological advances. 

The existing very large infrastructures in the field of energy are five so far (ECCSEL, FR Solaris, 
Sophira, Theorem and West), covering different themes and all are the "French nodes" of future 
or existing European and international collaborations. 

A. Petit is the Chairman and CEO of the French National Centre for Scientific Research (CNRS)
A. Slaoui is Deputy Research Director, INSIS-CNRS and Coordinator of Research on Energy at CNRS
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Antoine Petit 
President and CEO 

Full professor of Computer Science at Ecole Normale Supérieure Paris-Saclay 

Antoine.Petit@cnrs.fr 

http://www.lsv.ens-cachan.fr/~petit 

• University qualifications:

⋄ Habilitation à diriger des recherches, Université de Paris-Sud (1993) 

⋄ PhD, Université Paris Diderot (1985) 

⋄ Agrégation de Mathématiques (1982) 

• Professional career

⋄ From February 2019, on leave at CNRS 

∗ President and CEO 

⋄ From August 2006 to January 2018, on leave at Inria, Institut National de Recherche en Informatique et 

Automatique 

∗ From October 2014, President and CEO 

∗ From September 2010 to September 2014, deputy CEO 

∗ From August 2006 to August 2010, Director of the research center of Paris - Rocquencourt 

⋄ From January 2004 to July 2006, on leave at CNRS, the French national center of research 

∗ From September 2004 to Januray 2006, Regional Director for West South of France 

∗ In  2004,  Director  of  the  Information  and  Communication Technologies and Sciences department 

⋄ From 1994 to 2003, Full professor at ENS Paris-Saclay (formerly ENS de Cachan) 

∗ From November 2001 to December 2003, Deputy director of the directorate of research of 
French ministry of research, in charge of mathematics and in- formation and communication 

sciences 

∗ From October 1995 to October 2001, Director of the department of computer science of ENS 
Paris-Saclay 

⋄ After a PhD on formal languages theory, my researchs have focused on the study of models, mainly 

based on transition systems, for parallel and timed processes. As the years go, specification and verification of 

such systems become one of the main motivations of my studies. 

⋄ My research activities have been the subject of about fifty international publications among which 5 

books, 17 journal articles and 26 conferences with proceedings and program committees. I advised 8 PhD 

students. 

* Distinctions

- Chevalier de la légion d’honneur

- Officier de l’ordre national du mérite
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(7) France: Commissariat a l'energie atomique et aux energies alternatives (CEA)

2nd RD20 Oct9 2020 

Current Status and Perspectives of Clean Energy 

Research Development and Innovation Activities in CEA 

Dr. Laurence PIKETTY 

Deputy CEO - Alternative Energies and Atomic Energy Commission (CEA), France 

1. Introduction

We face today a cmcial energy transition. The fight against climate change must be a global 
priority. It requires a drastic reduction of fossil fuels use and the development of a sustainable 
approach for energy production. Geopolitical context, and even more cmcially with the cunent 
Covid health crisis, points out the need of a resilient approach ensuring energy security. All these 
commitments must guide political, economic, industrial and technical choices in the decades to 
come. 

France, whose electricity production is aheady largely decarbonized thanks to its nuclear power 
generation fleet, is firmly in line with such an energy transition approach. 

With the Low Carbon National Strategy and the Multiannual Energy Plan inked into legislation 
in April 2020, France has indeed set itself ve1y ambitious targets, aiming to strongly reduce 
energy consumption in all sectors and largely develop renewable energies. France has indeed the 
objective of achieving carbon neutrality by 2050. 

The climate emergency is such that all decarbonized solutions must be mobilized in substitution 
of fossil energies. Thus, nuclear power and renewable energies must not be opposed but 
mobilized jointly. France thus confinns its choice to continue in the nuclear path, while aiming 
for a more balanced energy mix including an important development of renewable energy which 
will have to increase from 20% of the electricity mix today to 40% in 2030. 

Research development and dismptive innovations are essential to fulfil such objectives. 
Therefore France is engaging in an ambitious innovation road-map for energy transition. In the 
recent announce concerning France's recovery plan, French Prime Minister announced a massive 
investment in the technologies of the future strengthening support for research. Effort should 
involve in the same objectives public stakeholders as CEA, CNRS and Universities in synergy 
with industry. 

French views and effo1ts for clean energy innovation are aligned with the European Energy 
Strategy. France is for example actively involved in the European Batte1y Alliance and in the 
hydrogen sti·ategy for a climate-neutral Europe. 
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2. R&D activities related to clean energy technology

CEA, the French Alternative Energies and Atomic Energy Commission,  is a public research 
agency, with about €5.0 billion budget and 20,000 employees, involved in four major fields: 
defence and security, low-carbon energy transition, digital transformation and healthcare 
innovation.  

To fulfil French energy transition objectives, the mandate of CEA the French Alternative 
Energies and Atomic Energy Commission, has been confirmed towards producing innovation 
activities in the field of low carbon energies. CEA develops an integrated approach of energy. 
Electricity generation from nuclear and renewable sources, combined with deployments of 
energy storage and conversion systems and management of energy grids, can contribute to the 
development of decarbonized electricity mixes, but also provide solutions for carbon-free 
transport. Such an integrated approach will benefit from the rise of digital technologies to ensure 
the real-time matching of supply and demand. 

The research development and innovation activities of CEA cover a large TRL scale from proof 
of concept tested in CEA laboratories and analyzed operando in Large Scale Facilities together 
with national and international academic partners, up to real size demonstrators produced on 
pilot lines) and tested upon operation with industrial partners. For carrying out this ambitious 
approach CEA establishes partnerships with both, academic laboratories and industrial partners. 

3. Specific research activities in renewable energies, next generation energy management
system with batteries, hydrogen, CCUS, and related technologies

CEA develops innovation for decentralized solar energy production and photovoltaic solutions 
for housing and standalone systems. Special attention is given to the development of very high 
yield photovoltaic cell technology and to its integration in a fully optimized photovoltaic energy 
system. 

High shares of variable renewable electricity will require new flexibility solutions to balance 
demand and supply and thus ensure the stability of the grid. Various storage technologies are 
studied, with a special attention to batteries, thermal storage and hydrogen. Convergence 
between electricity gas and heat is also investigated as well as digitalization and numerical 
interfaces. Increased management of the demand side also needs to be developed for both 
consumers and industrials. 

Storage technologies can be assessed by the quantity of energy stored, and by their discharging 
time.  Amongst the storage portfolios, CEA is heavily involved in batteries, both for transport 
and stationary applications, adapted to a few hours response, and to hydrogen better suited for 
longer-term storage. R&D on solid state battery is turned towards reaching high energy density, 
high power and high safety. Electric vehicles equipped with large batteries can contribute to 
stabilize the electric system using vehicle-to-grid technology. Concerning hydrogen, CEA is 
heavily involved in the development of the high temperature steam electrolysis technology. CEA 
is also developing and integrating PEMFC systems in vehicles. More recently, CEA  got 
involved for converting CO2 into methane or other high value chemical molecule. 

All the new technologies developed for energy transition must be addressed through life cycle 
analysis, and sustainability criteria. Major attention is dedicated to limit the use of critical 
materials, encouraged processes with low energy consumption and few materials such as additive 
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fabrication. Recycling of the products is also investigated, as well as second life potentialities. 
Finally, closing carbon cycle is also considered through studies on innovative processes to 
convert carbon dioxide into climate-neutral fuels, or chemicals. 

Main related programs/projects conducted by CEA 

 Development of very high yield photovoltaic cell technology (Europen Commission, 
National fundings, Industrials / 64M€ 2010-2022); 

 Development and scaling up of High Temperature Steam Electrolysis (10M€ 2019-
2023); 

 Development and integration of high compactness and low cost Proton Exchange 
Membrane Fuel Cells systems (PEMFC) – (15M€ 2018-2025); 

 Extension of CO2 hydrogenation reactor operation conditions and thermochemical 
conversion of organic wastes for producing high value chemical molecules ( 6M€ 2019 
– 2023);

 Smart Grid : development of soft tools, and experimental platforms (26 M€ 2011 – 2022). 

4. International collaboration

4-1 International alliance/networking development

CEA has established numerous international relationships in the field of renewable energy 
research and development.  

Many of them are long lasting European collaborations that include joint research projects, 
international workshop organizations and researcher exchanges. These are complemented by the 
regular contribution of CEA to various IEA tasks (especially on solar energy, hydrogen and fuel 
cells).   

In addition, CEA has also has established bilateral collaborations worldwide with overseas 
research institutes for strengthening relationships with these international renowned partners and 
conducting jointly research programs beneficial for both sides.  

CEA is convinced that collaborations between G20 members in the field of clean energy 
technology, and more specifically joint research programs on energy cutting edge technologies 
will constitute a major asset for implementing energy transition worldwide.    

4-2 International joint R&D activities

International joint research with institutes taking part in RD20.

Under the umbrella of European Framework programs, CEA is actively involved in
multilateral research projects concerning renewable energy and related topics such as
hydrogen and circular economy. In the last five years, CEA has coordinated 27 project
and has participated to about 155 projects in collaboration with main European Research
and Technology Organization.
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Main ongoing European H2020 programs coordinated by CEA 

 ID-FAST - Investigations on Degradation Mechanisms and Definition of 
Protocols for PEM Fuel cells Accelerated Stress Testing (2018-2020) 

 PEGASUS - PEMFC based on Platinum Group Metal free Structured Cathodes 
(2018-2020)  

 DOLPHIN - Disruptive PEMFC Stack with Novel Materials, Processes, 
Architecture and Optimized Interfaces (2019-2022) 

 REFLEX - Reversible Solid Oxide Electrolyzer and Fuel Cell for Optimized 
Local Energy Mix (2018-2020) 

 AMPERE - Automated photovoltaic cell and Module industrial Production to 
regain and secure European Renewable Energy (2017-2020) 

 CABRISS - Implementation of a CirculAr economy Based on Recycled, reused 
and recovered Indium, Silicon and Silver (2015-2018) 

 NAIADES - Na-Ion bAttery Demonstration for Electric Storage (2015-2019) 

The main CEA collaborations with research institutes from G20 countries are the 
following: 

 Berkeley Lab - USA : Characterization of fuel cells anionic membranes ; 

 Fraunhofer ISE – Germany : High efficiency multi-junction solar cells analysis; 

 Los Alamos National Lab – USA: Fuel cells degradation analysis ; 

 National Institute of Advanced Industrial Science and Technology (AIST) – 
Japan : Perovskite quantum dots ; 

 National Institute of Solar Energy – India : Photovoltaic cells performance 
evaluation; 

 National Renewable Energy Laboratory – USA: Detection of roll to roll 
production defects of PEM fuel cells active layers; 

 Max Planck Institute – Germany: Valorization of CO2 emissions from energy-
intensive industries (high-temperature electrolysis and catalytic); 

 Shanghai Industrial μTechnology Research Institute (SITRI) – China : 
Photovoltaic cells performance evaluation. 

International joint research with any countries.
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In addition, CEA has established the following collaborations 

 Industrial Technology Research Institute - Taiwan : Test and characterization of 
metallic powders; 

 Production Development Corporation (CORFO) - Chile : Photovoltaic cells 
performance evaluation in the Atacama Desert; 

 Nanyang Technological University – Singapore : Perovskite solar cells; 

 Swiss Federal Institute of Technology in Lausanne (EPFL)- Switzerland: Ageing 
evaluation of Solid Oxide Fuel Cells (SOFC) and Electrolysers (SOEC). 

5. Future perspectives (beyond 2030)

Future challenges in clean energy technologies, will essentially lie in their ability to massive 
deployment in a sustainable way. A specific attention should be paid on source material needed 
for renewable energy infrastructures. In that respect, eco-conception recycling methodologies 
and circular economy approaches should deserve major attention.  

In addition, to increase the flexibility of energy grids and control high quality demand-response 
services, both technological and digital developments are still required. Indeed, renewable 
energies from solar or wind sources are intermittent and need to be stored and distributed 
“smartly”. Combining electrical and gaseous grids by a “Power to X” approach, involving low 
carbon hydrogen is a solution that CEA will continue to investigate heavily. Numerical interfaces 
and digitalization of energy grids will also constitute a challenge for preparing the “smart cities” 
of tomorrow. 

For such challenges, global approaches and international contributions could concern especially 
development of common benchmark protocols, definition of standards and characterization of 
sustainable energy systems. International collaborations between RTO could be done by specific 
call for proposals (National or European) open to overseas partners and more generally by 
researchers & students exchanges. Development of shared technological platforms could be one 
way to investigate.  
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2nd RD20 Oct9 2020

Energy Research at Fraunhofer

Prof. Dr. Hans-Martin Henning

Fraunhofer-Gesellschaft

1. Introduction

The energy supply structure in Germany is undergoing a comprehensive transformation 
process towards ambitious renewable energy and climate policy goals:

2022: Shutdown of the last nuclear power plant

2025: 40-45% share of renewable energy on electricity consumption; 2040: 65%

2030: 55% reduction of greenhouse-gas emissions compared to 1990; 2040: -70%

2038: Shutdown of the last coal-power plant

Regarding the definition of clean energy, Fraunhofer is orienting itself on the rationale of the 
German government. “Clean energy” are energy forms that do not harm the environment, 
especially in regard to greenhouse-gasses and other harmful emissions (e.g. radioactive 
material). The vision of Fraunhofer is to shape the transformation towards an economically, 
environmentally friendly, secure and socially accepted energy supply for electricity, heat and 
mobility.

As the largest research organization for applied research in Europe and a leading international 
organization for applied energy research, the Fraunhofer-Gesellschaft develops innovative 
technologies and solutions for the successful transformation of the energy system towards 
clean energy applications.

2. R&D activities related to clean energy technology

Our work covers the entire value-added process — from new ideas and concepts to the 
development of new technologies, processes and systems, quality assurance and market 
implementation support. Thus, customers from economy as well as public clients are 
supported in the successful transformation of the energy system.

Fraunhofer clean energy related research topics span a wide field, which includes energy 
generation (especially solar and wind), hydrogen technologies, material science, R&D for 
improving the energy grid, intelligent energy management and load balancing, energy storage 
(including batteries and power-to-X), energy efficiency and energy harvesting.

The Fraunhofer-Gesellschaft has an “Energy Alliance” consisting of 19 Fraunhofer institutes
with more than 2,000 scientists, which deal with different topics in the field of energy R&D. 
The areas of business and competences include: 

Renewable energy

Energy systems

Energy efficiency

(8) Germany:  Fraunhofer-Gesellschaft (Fh-G)
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Energy storage

Urban energy applications

Digital energy management

The decentralized structure of the Fraunhofer-Gesellschaft enables to quickly take up new 
topics and developments and to develop solutions in close cooperation with customers. 

3. Specific research activities in next generation energy management systems with
batteries, renewable energy, hydrogen, CCUS, and related technologies

Selected project examples: 

Carbon2Chem (2016-2024, 74 million €): Brings together the energy, steel and
chemical industries to form a cross-industry production network. The hydrogen
synthesis process plays a key role, as hydrogen is required for almost all subsequent
synthesis routes. In this project Fraunhofer co-operates with institutes of the
Max-Planck-society and other partners.

HYPOS - Hydrogen Power Storage & Solutions East Germany (2018-2020, 45
million €): One of the ten innovation projects of the "2020 - Partnership for Innovation"
funding initiative launched by the German Federal Ministry of Education and Research
(BMBF). The objective of the project is the production, storage, distribution and broad
application of green hydrogen in the chemical and refining industry, mobility and
energy sectors.

SALCOS (2017-2020): SALCOS® focuses on the primary avoidance of CO2 formation
in the steel production process through research innovative process technologies.
Specialists from a large German steel producer are working together with Fraunhofer
Institutes and other partners on integrated the new technologies into smelting plants.

Research Fab Battery Cells (2019-2023, 140 million €): The Research Fab Battery Cells
supports industrial partners and customers in the implementation of new battery cell
concepts and the development of advanced production processes. The institutes of the
Fraunhofer-Gesellschaft, the MEET of the University of Münster and the PEM Chair of
the RWTH Aachen University are working together for this aim.

Fraunhofer Research Cluster Integrated Energy Systems CINES (2019-2021,
10 million €): This cluster addresses central technological and economic challenges of
the energy revolution. This includes comprehensive, cross-sectoral energy system
analyses, digital solution models for the system integration of new technologies and
decisive advances in electrolysis.

Kopernikus project Ariadne (2020-2023, 30 million €): The aim of the project is to
better understand the impact of various policy instruments in order to develop socially
sustainable energy system transformation strategies. From the very beginning, political
decision-makers, business representatives and citizens will be involved through a
large-scale dialogue process. Here, Fraunhofer collaborates with many other R&D
institutes; the project is managed by the Potsdam Institute for Climate Impact Research.

4. International collaboration

4-1 International alliance/networking development

The Fraunhofer-Gesellschaft cooperates with legally independent Fraunhofer affiliates in
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Europe, North and South America and Singapore. Representative Offices and Senior Advisors 
worldwide form a bridge between the local markets and the Fraunhofer Institutes. Their 
activities are focused on marketing and business expansion. The Fraunhofer Brussels office 
serves as a platform for dialog with European policy makers, with the additional functions of 
issuing public/official statements and providing information services. 

Fraunhofer holds Memoranda of Understanding with a broad range of research institutes, 
companies and organizations around the world. 

Selected international collaborations: 

Global Alliance for Solar Energy Research Institutes (GA-SERI): Together with
AIST and the National Renewable Energy Laboratory NREL (USA), Fraunhofer is
member of the GA-SERI. This is an international group of scientific experts, which
since 2016 discusses challenges related to the use of photovoltaics and other key
technologies such as hydrogen to achieve global climate goals.

Fraunhofer Innovation Platform for the Water-Energy-Food Nexus at Stellenbosch
University: Stellenbosch University and the Fraunhofer-Gesellschaft have established a
Fraunhofer Innovation Platform as part of a strategic partnership. The objective of this
long-term cooperation is to jointly develop tailored technological and cross-sectoral
solutions for water, energy and food security – for the benefit of people and the
environment.

Fraunhofer Chile Research – Centro para Tecnologías en Energía Solar
(FCR-CSET), Santiago, Chile: Research in the field of solar generation of electricity,
thermal solar energy, water purification and process heat.

Among other memberships, Fraunhofer is a member of the European Research Alliance
(EERA), the European Technology and Innovation Platform (ETIP) and the Association
of European Renewable Energy Research Centers (EUREC).

4-2 International joint R&D activities

Selected international R&D activities:

AtaMoS-TeC: photovoltaic technologies for the exceptional conditions of the Atacama
Desert (Fraunhofer and Solar Energy Research Center (Chile))

CPV-India: Concentrator Photovoltaics Targeted for highly efficient power production
in India (Fraunhofer and NTCP NETRA (India))

AFLOAT: Demonstration of high survivability cost competitive floating offshore wind
(FOW) technology (Fraunhofer together with companies and research institutions from
Ireland, France, Netherlands)

REstable: Improvement of regenerative-based power grid systems and services
(Fraunhofer together with companies and research institutions from France and
Germany)

Solid State Battery (ICON Project: Fraunhofer and EMPA (Switzerland))

DEKADE: novel catalyst systems, electrodes and membranes are developed for
automotive fuel cell applications (Fraunhofer and National Research Council,
University of British Columbia and Simon Fraser University, Vancouver (Canada))

Furthermore, Fraunhofer is involved in many other international projects, for example 
Horizon 2020 projects. 
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5. Future perspectives (beyond 2030)

In order to reach Germany’s ambitions renewable energy and climate goals, technological 
innovations are necessary, that also include new technologies for electricity grids, load 
management, energy storage and carbon recycling. 

A meta-analysis of several German energy-related studies has identified the following major 
challenges for a successful energy transition in Germany, which also include societal and 
economic issues: 

Renewable energy technologies need to be developed and implemented faster

Energy Consumption and power plant management need to get more flexible in order to
ensure supply

A new technology mix in transportation/mobility is necessary

A comprehensive, energy-efficient and faster renovation of buildings must take effect

Further reduction and avoidance of industrial emissions with more energy efficiency,
renewable energies use and new processes is required

A holistic control of the energy transition to facilitate investments is important

Positive economic and societal conditions and incentives need to be conveyed

In the long term, a mayor challenge will be to achieve closed material cycles for all key 
technologies of a sustainable energy system. This has a substantial impact on the whole value 
chain of components and devices including a design and production that enables a maximum 
regeneration of involved materials. 
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Solar energy CPV

CPV-India: Concentrator Photovoltaics Targeted for highly efficient power production in India
[2016-2021]

The main objective of the project is the
installation and scientific evaluation of a
53 kW CPV system for power generation in
India.

Dr. Gerald Siefer
Fraunhofer ISE

NTCP NETRA (India)

https://www.ise.fraunhofer.de/de/fors
chungsprojekte/cpvindien.html

Wind energy Offshore

AFLOWT: Demonstration of high survivability cost competitive floating offshore wind (FOW) technology [2018-2022] Demonstrators for a floating platform that it is
viable in offshore operation and cost-competitive.

M.Sc. Mareike Leimeister
Fraunhofer IWES

Research institutions from Ireland, France,
Netherlands

https://www.iwes.fraunhofer.de/de/fo
rschungsprojekte/aktuelle-
projekte/aflowt.html

Energy
Storage Battery

ICON-Project: Solid State Battery [2019-2021] Development and battery cell production and
produces the first prototypes.

Contact: Marie-Luise Righi
Fraunhofer ISC

EMPA (Switzerland)

https://www.isc.fraunhofer.de/en/pre
ss-and-media/press-releases/solid-
state-batteries-for-tomorrows-
electric-cars.html

Energy
Storage Battery

Research Fab Battery Cells  [2019-2023] implementation of new battery cell concepts and
the development of advanced production
processes

Prof. Dr. Jens Tübke
Fraunhofer ICT

University of Münster, RWTH Aachen University
and 10 Fraunhofer Instituts

https://www.forschungsfertigung-
batteriezelle.fraunhofer.de/en.html

2016 - 2021 (R&D span)

Current 

2018 - 2022 (R&D span)

Current 

2019 - 2023 (R&D span)

Current 

2019 - 2021

Current 
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Energy and Sustainable Economic Development – ENEA

1. Introduction

ENEA is a public body with the aim of pursuing research and technological innovation, as
well as providing enterprises, public administration and citizens with advanced services in the 
sectors of energy, environment and sustainable economic development.  

ENEA activities in the field of renewable energy sources are mainly centered upon research, 
innovation, and technology transfer. The Agency also provides advanced services contributing 
to both decreasing CO2 emissions and the national energy dependence on fossil sources, and 
increasing Italy’s economic competitiveness.
In particular clean energy technologies represent a key R&D topic for ENEA, an organization 
that fosters innovation in this field as well as in many sectors of renewable energy sources, such 
as thermal and concentrated solar with storage systems, photovoltaics, hydrogen, CCUS (carbon 
capture, utilisation and storage), bioenergies, smart grids, integrated energy networks, etc.  

In such a context, ENEA also coordinates the National Technological Energy Cluster, funded 
by the Italian Ministry of University and Research, which aims to promote scientific and 
technological research in Italy to foster participation, coordination and launching of national and 
international initiatives and projects concerning the energy sector, paying particular attention to 
clean energy solutions.

Regarding the national energy policy, Italy’s pathway towards sustainability follows in the 
footsteps of the Energy Union strategy, aimed at decarbonisation (including renewables), energy 
efficiency, energy security, a fully integrated energy market, research, innovation and 
competitiveness.

In particular the Italian national energy and climate plan (PNIEC – Piano Integrato Energia 
e Clima), which is the result of the collaboration between three ministries, Environment, 
Economic Development and Infrastructure and Transport, aims to achieve specific objectives in 
5 sectors: decarbonisation, energy efficiency, energy security, internal energy market, research, 
innovation and competitiveness, through an integrated approach. This plan, closely coordinated 
with the European Strategic Energy Technology Plan (SET Plan), defines the national energy 
objectives to drive the energy transition towards ambitious policy targets.  
In particular it intends to implement a vision of broad transformation of the economy, in which 
de-carbonization, circular economy, efficiency and the rational and equitable use of natural 
resources represent goals and tools for a sustainable economy and future.
Furthermore, Italy is part of the EU SET-Plan and is a promoter of Mission Innovation launched 
at COP21 to boost frontier projects for clean energy technologies and committed to double public 
funds for R&D for clean energy (from 222 Million Euro in 2013 to 444 Million Euro in 2021).  

PNIEC sets the energy scenario towards 2030, fostering a wide-ranging transformation of 
the energy system as a whole in view of a strong decarbonisation. In line with this vision, the 
main objectives that Italy wants to achieve are:

• accelerating the decarbonisation process, considering 2030 as an intermediate step towards
a deep decarbonisation of the energy sector by 2050;

(9) Italy: Italian National Agency for New Technologies, Energy and
Sustainable Economic Development (ENEA)
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• putting citizens and (especially small and medium-sized) businesses at the centre, so that
they are protagonists and beneficiaries of the energy transition by promoting self-
consumption and renewable energy communities;

• favouring the evolution of the energy system, in particular in the electricity sector, from a
centralized to a distributed structure based mainly on renewable sources;

• promoting energy efficiency in all sectors, as a tool towards protecting the environment,
improving energy security and reducing energy expenditure for families and businesses;

• promoting the electrification of consumption, in particular in the civil sector and in transport,
as a tool to improve also the quality of the air and the environment as a whole;

• fostering the use of hydrogen in the different sectors: energy, industrial, transport and
residential.

In particular, with an expected energy consumption of 111 Mtoe by 2030, the target for
renewable energy production is approximately 33 Mtoe, distributed between the various sectors 
of applications as below:

• 55.4% renewables share in the electricity sector;
• 33.0% renewables share in the heating sector (for heating and cooling);
• 21.6% renewables share in the transport sector.

2. R&D activities related to clean energy technology

ENEA, through the Department for Energy Technologies and Renewables(500 researchers
and technicians organized in six Divisions), fosters innovation in the development of new energy 
technologies and in the following sectors of renewable energy: thermal and concentrated solar 
with storage systems, photovoltaics, CCUS (carbon capture, utilization and storage), bioenergies, 

R&D activities in the field of clean energies, supported by testing and validation on relevant-
scale experimental platforms (Fig. 1), are aimed at the reduction of greenhouse emissions and 
fossil-sourced energy dependency, development of a low-carbon economy, also by optimizing 
energy use, medium-to-long-
competitiveness of the Italian industry by reducing energy costs.  

The priorities of research activities take into account the PNIEC, the programme agreement 
with the Italian Ministry of Economic Development for Electric System Research and for 
Mission Innovation, and the vision embodied by the European SET Plan, EERA (European 
Energy Research Alliance), BIC (Bio-based Industries Consortium), SERIT (Security Energy in 
Italy) and the Horizon 2020 and Horizon Europe programmes.  
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3. Specific research activities in renewable energies, next-generation energy management
systems with batteries, hydrogen, CCUS, and related technologies

ENEA supports a value chain approach to promote hydrogen as a clean energy vector, dealing
with the development of process and components in the sector of hydrogen production, storage 
and final uses including Fuel Cell systems. In particular ENEA has been operating in the field of 
hydrogen production technologies from renewable sources (mainly solar) since the early 2000s, 
with research on reactive materials and plant components, working on the development of 
processes from the basic concept to the experimental validation of technical feasibility on pre-
pilot scale. Over the years, various pathways and methods for the production of hydrogen have 
been explored, both thermochemical and electrochemical, with carbonaceous matter or water as 
feedstock.  

Currently the research is focused on advanced alkaline electrolysis, high-temperature 
electrolysis, solar-assisted thermo-catalytic conversion of biogas, dry and steam reforming of 
natural gas, the water gas shift (WGS) reaction and thermochemical water splitting. Indeed, even 
if current state-of-the-art shows water electrolysis as the most mature approach, particularly 
promising in a Power-to-Gas perspective, in view of diversification of sources and technologies 
that could match local availabilities and applications, and taking into account the scale-up issue, 
ENEA has been developing alternative and complementary production routes, still with minimal 
or neutral CO2 emissions, like solar-assisted reforming of methane (Natural Gas or biogas), 
biomass gasification, and WGS coupled with carbon capture process. As far as final uses are 
concerned, ENEA has intensively worked on the development of fuel cell technology, playing a 
significant role in the sector, having built a profitable network of scientific collaborations in the 
academic and industrial fields, at national and international level. Furthermore, again with 
reference to the uses of hydrogen, ENEA carries out research on gas turbine systems oriented 
towards fuel flexibility (H2/NG blends), the objective of which is the de-carbonization of back-
up services of the electricity grid in scenarios with a high penetration of non-programmable RESs.

The demonstration at relevant scale of hydrogen production, storage and utilization 
technologies is considered as the key factor to foster market penetration of hydrogen systems. In 
this context, ENEA represents a link between research, innovation, technology transfer and 
industrial development, through the realization of pilot plants and implementation of 
experimental activities.

Regarding the CCUS technology, ENEA’s activities on sustainable processes for CO2

capture are supported by validation on the ZECOMIX pilot plant (Zero emission of Carbon with 
mixed technologies), which has been positively evaluated by the European Research 
Infrastructure Coordination Committee to be part of the ECCSEL (European Carbon Dioxide 
Capture and Storage Laboratory Infrastructure) consortium. The carbon capture process which 
is being tested in the ZECOMIX research infrastructure is based on a highly regenerable calcium-
based material that reacts with CO2 producing inert media as calcium carbonate. This process, 
known as calcium looping (CaL), can be integrated with methane reforming providing a robust 
high-temperature route for CO2 capture, leading to a step-change in efficiency of carbon removal 
and producing low-carbon hydrogen. This process makes use of relatively abundant cheap 
materials with several outlet markets for spent materials (iron, steel, road aggregation and cement 
industries). Considerable efforts are made in ENEA to develop and demonstrate the CaL process 
as an environmentally benign and cost-effective technology option to reduce the emission of CO2

and produce H2 in carbon-intensive industries (e.g. iron and steel making process).
The current activities regarding the utilisation of carbon are mainly focused on hydrogenation of 
CO2 via catalytic processes. Alternative routes for carbon utilisation is the production of inert 
materials (mainly CaCO3) via the reaction of CO2 and residues produced in industrial sectors 
(e.g. steelmaking and incineration plants). The main objectives of this process, known as 
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carbonation, are: (i) permanent sequestration of CO2; (ii) production of marketable materials 
such as bricks or tiles; (iii) reduction of the impact related to the generation of hazardous waste. 

Furthermore ENEA has worked for the last 20 years on the development of high-temperature 
concentrated solar power technologies (CSP) to produce dispatchable electricity and process heat 
for centralized and distributed applications. The research activity, both at the component and at 
the system level, has led particularly to the implementation of significant innovations in the 
Parabolic Trough (PT) technology, achieving a relevant improvement of the overall plant 
efficiency. The core of the innovation introduced by ENEA consists of the use of molten salt 
mixtures both as heat transfer fluid and thermal storage material, replacing conventional 
diathermic oil, and in the development of high-performance selective coatings for the PT receiver, 
producing a series of patents whose licenses have been acquired by a national industry in the 
sector. Currently, research is mainly focused on the development of new materials for reliable 
and cost-effective components, new system configurations for multipurpose CSP plants 
applications (heat and power), and innovative concepts of heat storage to be integrated with CSP 
plants to enhance the energy storage capacity and reduce the LCoE (levelised cost of energy). 

Additionally, regarding the development of photovoltaics as a key technology to build a 
secure and sustainable energy system for the future and to favour the energy transition, ENEA is 
developing materials and device architecture for highly efficient solar cells. In particular we are 
studying tandem solar cells realized with a bottom cell made with a silicon heterojunction and a 
front cell obtained with perovskite or kesterite films. The development of thin-film innovative 
materials but also our knowledge on more standard absorbers such us silicon-based thin films 
are also applied in the Building Integrated PV (BIPV) and agricultural PV (agriPV) by studying 
spectrally selective solar cells. Furthermore at the system level we are designing new or 
renovated greenhouses with roofs equipped with different customized photovoltaic glasses in 
order to test the effects on test species (plants and microalgae).

Finally, research activities have recently been started on the eco-design of new PV modules 
with polymers alternative to conventional encapsulants and backsheets, looking also to the 
possibility to recover valuable materials, such as glass, metals and the new polymers introduced 
into the eco-designed panels.  

Beyond the R&D activities with reference to single clean energy technologies, from 
hydrogen to CCUS and concentrated solar, ENEA is fully committed within research activities 
regarding their integration through solutions as smart grids/microgrids and integrated energy 
networks. In this regard, the lab’s activities mainly focus on the development of technologies, 
components, systems and management and control strategies for local and renewable energy 
communities, and technologies, tools and devices for applications in the field of smart grids and
energy networks and microgrids in the presence of poly-generation and distributed cogeneration 
and energy storage.  

Some of the main national and international programmes/projects conducted by ENEA on 
the topics addressed above are reported below.

National Fund for Electric System Research (RdS) ENEA-MiSE: development of
innovative hydrogen production technologies based on electrochemical and thermochemical
routes (e.g. dry reforming of natural gas, water gas shift, steam methane reforming,
intensified with calcium looping for the decarbonisation of industry); uses of hydrogen for
transport (fuel cell electric vehicles), industry (process gas, chemical and metallurgical
industry) and residential (CHP) applications, and power to gas for network flexibility;
renewable technologies to increase the flexibility of the grid; technologies and system for
energy storage (electrical and thermal), high-efficiency solar cells and innovative materials
for PV applications, development of smart grids, etc. (2019-2021). Project Funding 170.0
M€ - ENEA Funding 66.0 M€.
H2020 AMPERE: the project has the objective to set-up an innovative 200 MWp full-scale
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automated pilot line for bifacial silicon heterojunction cells and modules at the 3SUN fab in 
Catania (Italy). (2017-2020) - Project Funding: 15,0 M€ - ENEA Funding: 560.0 k€. 
H2020 CUSTOM-ART: the project is starting with the aim to develop a new generation of
flexible thin film PV modules based on kesterites to be used for BIPV. (2020-2024) - Project
Funding: 7.0 M€ - ENEA Funding: 216.0 k€.
National Project MINERVA, funded by Italian Ministry of Economic Development: this
project is starting with the objective to optimize the performance of silicon-based PV
modules by implementing non-conventional materials and innovative processes in the
production line. (2020-2024) - Project Funding: 4.6 M€- ENEA Funding: 551.0 k€.
H2020 INTERPLAN: design and development of an integrated operation planning tool
towards the Pan-European Network (2017-2020) – Project Funding: 2.9 M€ - ENEA
Funding: 556.0 k€.
H2020 eNeuron: development of innovative tools for the optimal design and operation of
Local Energy Communities integrating distributed generation and multiple energy carriers
at different scales (2020-2023) - Project Funding: 5.7 M€ - ENEA Funding: 487.0 k€.
H2020 AMBIENCE: methodologies for extending the concept of energy performance
contracting for active building and making the model available and attractive to a wider
range of building typologies (2019-2021) - Project Funding: 2.0 M€ - ENEA Funding: 196.0
k€.
ComESto national project funded by the Italian Ministry of Education, University and
Research: creation of an Energy Storage Community integrating distributed generation and
storage systems at different scales by managing all the resources as a whole to increase the
potential benefits for the different actors involved. (2018-2021) - Project Funding: 10.0 M€
- ENEA Funding: 1.0 M€.
IPCEI- Batteries: the “German-led Important project of Common European Interest” (or
“Winter IPCEI”) has many Member States involved and ENEA is one of the Italian
participants. Our role is to develop new-concept batteries suitable for being transformed into
an industrial product and to optimize recycling in line with a circular economy approach.
The aim is to fill the gap between the lab-scale and the installation and production problems
at a pilot plant level to assist the industry upon the first industrial deployment stage.
H2020 3BeLiEVe: aimed at the strengthening the position of the European battery and
automotive industry in the future xEV market by delivering the next generation of battery
cells, designed and made in Europe, for the electrified vehicles market of 2025 and beyond
- Project Funding: 10.8 M€ - ENEA Funding: 298.0 k€.
H2020 BATTERY2030PLUS: lies along the pathway started by the long-term research
initiative “Battery 2030+” and the related roadmap. It is a newly started CSA with the aim
to coordinate and monitor research activities contributing to the large-scale research
initiative on Future Battery Technologies, BATTERY 2030+. The project, coordinated by
University of Uppsala (Sweden) will update continuously the BATTERY 2030+ roadmap,
contributing to competence building and strengthening the battery community by facilitating
communication, dialogue and cooperation on cross-cutting topics. The consortium is built
on the most active European research organizations and universities - Project Funding: 2.0
M€ - ENEA Funding: 21.0 k€.
H2020 IN POWER: development of advanced materials solution for Concentrated Solar
Power Plants (CSP) to increase overall efficiency while decreasing the energy production
cost – Project Funding: 4.99 M€ - ENEA Funding: 0.57 M€.
H2020 ORC_PLUS: development of an optimized combination of innovative Thermal
Energy Storage (TES), small CSP plants, and Organic Rankine Cycle systems to produce
electricity from solar source – Project Funding: 6.33 M€ - ENEA Funding: 1.25 M€.
H2020 SFERA III: supporting the European advanced Solar Facilities to ensure their long-
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term sustainability through networking, transnational access and joint research activities - 
Project funding: 9.10 M€ - ENEA funding: 0.85 M€. 
H2020 RESLAG: valorization of steel slag, currently not recycled, and reuse as a raw
material for Thermal Storage application, particularly in the CSP sector – Project Funding:
8.02 M€, ENEA Funding: 1.08 M€.
European FP7 SOCTESQA (2014-2017): realization of uniform and industry wide test
procedures for SOC cell/stack assembly. Project Funding: 1.6 € - ENEA Funding: 285.0 k€.
European FP7 NELLHI (2014-2017): development of a novel 1 kW SOFC stack of
unprecedented performance, together with the proof of concept of a 10 kWe SOFC stack.
Project Funding: 2.0 M€ - ENEA Funding: 356.0 k€.
European FP7 SCoRed 2.0 (2013-2017): production of coated steel components for SOFC
systems showing markedly improved properties with regard to chromium release, electrical
resistivity and scale growth. Project Funding: 2.8 M€ - ENEA Funding: 335.0 k€.
H2020 BALANCE (2017-2019): development of reversible high temperature electrolysers
to support the integration of wind and solar energy with the electricity grid; Project Funding:
2.5M€ - ENEA Funding: 301.0 k€.
H2020 AD ASTRA (2019-2021): development of accelerated test protocols for high-
temperature electrolysers and fuel cells; Project Funding: 3.0 M€ - ENEA Funding: 400.0
k€.
H2020 qSOFC (2017-2020): reduction of production costs and improvement of the
production process quality for high temperature fuel cell systems; Project Funding: 2.0 M€
- ENEA Funding: 240.0 k€.
H2020 WASTE2WATTS (2019-2021) and BLAZE (2019-2022): use of biogas and syngas
(from biomass) for fuel cell supply; WASTE2WATTS: Project Funding: 1.6 M€ - ENEA
Funding: 155.0 k€; BLAZE: Project Funding: 4.2 M€ - ENEA Funding: 210.0 k€.
H2020 INNOSOFC (2016-2019): development, validation and demonstration of a 50 kW
high efficiency cogeneration system based on high-temperature fuel cells; Project
Funding:4.0 M€ - ENEA Funding: 259.0 k€.
H2020 SO-FREE (2021-2023): development of a fully future-ready solid oxide fuel cell
(SOFC)-based system for combined heat and power (CHP) generation for efficient, near-
zero-emission, fuel-flexible and truly modular power and heat supply. Project Funding: 2.7
M€ - ENEA Funding: 324.0 k€.
H2020 REACTT (2021-2023): realize a Monitoring, Diagnostic, Prognostic and Control
Tool (MDPC) for Solid Oxide Electrolysers and Reversible SOC stacks and systems. Project
Funding: 2.7 M€ - ENEA Funding: 128.0 k€.
H2020 PROMETEO (2021-2023): producing green hydrogen from renewable heat &
power sources by high temperature electrolysis in areas of low electricity prices associated
to photovoltaic or wind. Project Funding: 2.5 M€ - ENEA Funding: 416.0 k€.
European FP7 ASCENT: addressing the need for innovative sorbent materials for
capturing CO2 to produce low-carbon H2 with advanced solid cycles.
H2020 GICO: testing of plasma technologies at TRL5 for the valorization of CO2 captured
in sorption enhanced gasification of biomass wastes. Project Funding 3.9 M€ - ENEA
Funding: 532.0 k€.
EIT Raw Material Platform SISAL: CO2 capture process will be studied for the recovery
of silicon and aluminium - rom industrial waste. Project Funding 4.7 M€ - ENEA Funding:
464.0 k€.
National fund by Italian Ministry of Economic Development for Mission Innovation,
HYDROGEN demo VALLEY: realization, at CR ENEA Casaccia, of a multifunctional
platform to create a hydrogen ecosystem (hydrogen production, injection in the methane
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pipeline for transport and storage, utilization in mobility, residential and energy sector). 
Project Funding 17.5 M€ - ENEA Funding: 13.8 M€. 
H2020 ECCSELERATE: development and upgrading of European research infrastructure
for carbon capture and valorization (TRL 7). Project Funding: 3.5 M€ - ENEA will be funded
with 0.23 k€ per each 5-day experimental test.
H2020 CHEMPGM: optimization of the reuse of exhausted materials used as advanced
catalytic systems for the valorization of CO2 and the production of H2. Project Funding:
736.0 k€ - ENEA Funding 101.0 k€.

4. International collaboration
4-1 International alliance/networking development

national, EU and international initiatives. Furthermore ENEA has concluded a number of 
comprehensive and specific cooperation agreements and MOUs with research institutes, 
universities and industrial stake-holders to promote research and technology transfer to industry 
aimed at the energy system de-carbonization. 

As an example, within the EU-funded project SFERA III, ENEA is involved in: (i) networking 
activities to develop the cooperation between research infrastructures, the scientific community, 
industries and other stakeholders in the field of CSP technology; (ii) transnational access 
activities aiming at providing access to all European researchers from both academia and 
industry to singular scientific and technological solar research infrastructures; and (iii) joint 
research activities whose purpose is to improve the integrated services provided by the 
infrastructure.

ENEA is present, as Italian representative, in numerous intergovernmental bodies, regulatory 
bodies and international initiatives aimed at promoting the development of clean energies. 

Regarding the photovoltaics topic, ENEA is involved in: 
• Technology Collaboration Programme (TCP) “Photovoltaic Power System” (PVPS) of

IEA with activities in several tasks (task 1 “Strategic PV analysis & outreach, task 15
“Enabling framework for BIPV acceleration”, task 12 “PV sustainability”).

• European Energy Research Alliance Joint Programme Photovoltaic Solar Energy (EERA
JP PV) that has the objective to accelerate the development of Photovoltaic Solar Energy
towards an energy technology that can be implemented at a very large scale through Joint
Programming activities by key research institutes in Europe.

• all the working groups of the European Technology and Innovation Platform for
Photovoltaics (ETIP PV).

Regarding the Concentrated Solar Plants topic ENEA participates to: IEA-SolarPACES TCP, 
IEA-ECES (Energy Conservation and Energy storage), IEA-Industrial Energy-Related 
Technologies and Systems, EERA JP on CSP (with coordination of the SP3 - Thermal Energy 
Storage for CSP plants).
ENEA is also involved in several European and International initiatives in the field of Smart 
Grids:

• IEA (International Energy Agency) Task 11 “PV Hybrid systems within mini-grids”
• IEA Task 14 “High penetration of PV systems in electricity grids”.
• IEA Task 18 “Off-Grid and Edge-of-Grid Photovoltaic Systems”.
• IEC (International Electro-technical Commission), TC 82 “Solar photovoltaic energy

systems”.
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• IEEE IES Industrial Energy Society TC on Smart Grids.
• Working Group (WG) EU PV Technology Platform (EUPVTP), Grid Integration

(www.eupvplatform.org/about-pv-platform/ad-hoc-working-group-4.html).
• Joint Programme “Smart Grid” in EERA - European Energy Research Alliance. ENEA is

the vice coordinator of Joint Programme on Smart Grids within the European Energy
Research Alliance.

Additionally ENEA is member of the EERA JP on Energy Storage (Electrochemical Energy 
Storage and Thermal Storage Sub-Programmes) and participates in all the working groups of the 
European Technology and Innovation Platform (ETIP) Batteries Europe, with a role in the 
managing board and secretariat key roles.  

Regarding hydrogen technologies ENEA participates in: IEA-Hydrogen, IEA-FC, Hydrogen 
Europe Research and the EERA Fuel Cells and Hydrogen Joint Program, IEC-TC 105. 

4-2 International joint R&D activities

ENEA covers a key role within the International Initiative of Mission Innovation (MI), which
is a global initiative of 24 countries and the European Union aiming to dramatically accelerate 
global clean energy innovation. As part of the initiative, participating countries have committed 
to double their governments’clean energy research and development investments over five years, 
while encouraging greater levels of private sector investment in clean energy technologies. The 
MI actions are based on eight Innovation Challenges (IC), which consist of a global network of 
policymakers, scientists and innovators working towards a common objective, and cover the 
entire spectrum of R&D, from early-stage research to technology demonstration projects. Italy 
has endorsed all the ICs and ENEA is going to receive funds from the national government in 
the following sectors: 

- Smart Grid Innovation Challenge (#1) aiming at enabling future grids that are powered by
affordable, reliable, decentralised renewable electricity systems.

- Clean Energy Materials Innovation Challenge (#6) aiming at accelerate the advanced
energy materials discovery by integrating high-throughput methods with artificial
intelligence.

- Renewable and Clean Hydrogen Innovation Challenge (#8) aiming at accelerating the
development of a global hydrogen market by identifying and overcoming key technology
barriers to the production, distribution, storage, and use of hydrogen at gigawatt scale.

ENEA is involved in numerous European Projects in cooperation with several countries.

- Regarding the PV activities, a joint research is being carried out with Joint Research
Centre (JRC) and several other international institutes (SUPSI- Switserland, AIT -Austria,
Photovoltaic Technology Laboratory-Cyprus, CENER-Spain, Photovoltaik Institut Berlin
- Germany, PV Lab Germany GmbH-Germany) on the inter comparison between different
laboratories with the main objective to harmonize measurements and instruments
calibration techniques. Furthermore, additional international collaborations are underway
with several countries including CEA (France) and Fraunhofer - ISE (H2020 AMPERE
project- Automated photovoltaic cell and Module industrial Production to regain and
secure European Renewable Energy market; H2020).

- In the topic of the Energy Management System, ENEA carries out activities inside H2020
INTERPLAN project (design and development of an integrated operation planning tool
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towards the Pan-European Network ), with the following partners: AIT Austrian Institute 
of Technology, GMBH, European Distributed Energy Resources Laboratories e.V. 
(DERLab), University of Cyprus, FRAUNHOFER GESELLSCHAFT ZUR 
FOERDERUNG DER ANGEWANDTEN FORSCHUNG E.V., INSTYTUT 
ENERGETYKI.

- In the batteries research field ENEA is involved in the project H2020
BATTERY2030PLUS: a network of European top institutes among which CNRS, CEA
and Fraunhofer are taking part in RD20. ENEA is also well connected with most
universities, research groups and companies working on this field in Europe throughout
the participation at European projects (e.g. 3beLiEVe - Delivering the 3b generation of
LNMO cells for the xEV market of 2025 and beyond) and bilateral collaborations: Austria, 
Swiss, Spain, Portugal, France, Germany, Belgium, The Netherlands, Poland, Slovenia,
Ireland, Norway, Sweden, Finland.

- Regarding CSP technology, ENEA, among numerous joint research activities, is involved
in the H2020 SFERAIII Project, whose specific objective is to ensure the long-term
sustainability of the European most advanced solar laboratories (ENEA, CNRS, CIEMAT,
DLR, ETH, Fraunhofer Institute), supporting Europe as a global leader in solar research
infrastructures, through networking activities between the research infrastructures, the
scientific community, the industries and other stakeholders. Additionally, within the
proposal H2020 SoSuCy, which addresses the Horizon 2020 Call Topic “LC-SC3-RES-
25-2020: International cooperation with Japan for Research and Innovation on advanced
biofuels and alternative renewable fuels”, a research collaboration with Kumamoto
University (KU), Japan Atomic Energy Agency (JAEA), National University Corporation
Tokyo University Of Agriculture And Technology (TUAT), has just been started to
develop an innovative thermochemical process, powered by solar energy, to produce an
alternative renewable energy carrier (elemental Sulphur), that can be employed as an
additional contributor to a future diversified energy portfolio.

- On the topic of hydrogen and fuel cells, ENEA is involved on several H2020 projects:
• SOCTESQA (Solid Oxide Cell and Stack Testing, Safety and Quality Assurance)
• AD ASTRA (HArnessing Degradation mechanisms to prescribe Accelerated Stress

Tests for the Realization of SOC lifetime prediction Algorithms),
• SO-FREE (Solid oxide fuel cell combined heat and power: Future-ready Energy)

On the above projects ENEA cooperate with CEA, Commissariat à l'Énergie Atomique et
aux Energies Alternatives - Research Institute – France, Fraunhofer Gesellschaft zur
Foerderung der Angewandten Forschung E.V. – Germany, JRC -Joint Research Centre-
European Commission Research Institute – Belgium, DTU, Danmarks Tekniske
Universitet – Denmark, EIFER, European Institute for Energy Research – Germany, EPFL,
École Politechnique Federale de Lausanne – Switzerland, IEES, Institute of
Electrochemistry and Energy Systems – Bulgaria, VTT: Teknologian tutkimuskeskus -
Finland

- With regards to CCUS technologies, ENEA is in charge of a pilot plant ZECOMIX (Zero
Emissions of CarbOn with MIXed technologies) composed of innovative reactors for the
production of H2 from biomass or methane. As member of ECCSEL consortium
ZECOMIX offers: (i) top quality scientific and technological performance and support
recognized as being of European relevance; (ii) access visiting scientists from Europe and
beyond through a transparent selection and admission process on the basis of scientific
merit; (iii) training for PhD and Master students. In particular, within the H2020 project
ECCSELERATE which addresses the Call H2020-INFRADEV-2018-2020 for the
development of research infrastructures, ENEA will collaborate in the field of CCUS
technologies with (i) Sintef Energi AS (Norway); (ii) Bureau De Recherches Geologiques
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Et Minieres (France); (iii) Nederlandse Organisatie Voor Toegepast 
Natuurwetenschappelijk Onderzoek TNO (The Netherlands); (iv) Norges Teknisk-
Naturvitenskapelige Universitet NTNU, (Norway); (v) Sintef AS (Norway); (vi) The 
University Of Edinburgh (UK); Istituto Nazionale Di Oceanografia E Di Geofisica 
Sperimentale (IT).  

5. Future perspectives (beyond 2030)

As previously discussed, Italy is aiming to increase the share of RES by paying the highest
attention to the electricity sector, with a 55.4% share of RES power generation to be reached by 
2030.  

However, variability of power generation is a serious issue for introducing renewable energy 
at large scale as at times it may lead to unused excess power generation. For that, R&D of more 
efficient, durable, and affordable technologies to use renewable energy with “anytime-anywhere”
application flexibility is needed. Therefore, integration of conversion, transportation and storage 
technologies is inevitable for introducing renewable energy at large scale. 

In such a perspective, R&D activities play a fundamental role in the implementation of the 
national energy strategies. In particular, two main research objectives have been identified in 
PNIEC:

to monitor and develop product and process technologies vital to the energy transition;
to promote the introduction of technologies, organizational and operational models and
systems fostering security of electricity supply.

With specific reference to a smart grid context which is expected to play a key role in the 
future Italian electricity system, the following key innovation challenges are identified to be 
addressed in the near future from an R&D perspective: 

observability and control at transmission and distribution level to be achieved in a cost-
effective way;
integration of all forms of energy storage to increase RES penetration while improving
security of supply;
implementation of integrated energy systems based on the integration of the power network
with other energy vectors’ systems (heating and cooling, natural gas, hydrogen, biogas,
water) to increase flexibility and security of the energy system;
distributed control vs. centralized control of the electricity system;
integration of demand side management and ancillary network services at distribution
system level and integration on the transmission operation;
new electricity-markets design, based on the exploitation of flexibility potential coming
from distributed energy resources.

Moreover, the power generated from renewables such as solar and wind could be used to 
produce hydrogen. ENEA is also promoting “Power to X” approaches by converting the excess 
power form RES to commodity fuels such as through methanation technology and thus enabling 
the storage of the excess power

It must be said that ENEA is putting great efforts into developing new, next-generation 
technologies addressing the key R&D challenges defined above. The latter are not only 
addressed in the various laboratories that make up the Agency, but represent also the most 
important objectives of the various international collaborations that ENEA has established in the 
last years.

136



Short CV
Dr. Eng. Giorgio Graditi - PhD in Electrical Engineering / Director of the 
Department of Energy Technologies and Renewable Sources of ENEA (Italian 
National Agency for New Technologies, Energy and Sustainable Economic 
Development), Rome, Italy. 
He received the doctoral degree and the Laurea degree (cum laude) in Electrical 
Engineering from the University of Palermo (Italy). Since July 2020, he is the 
Director of the Department of Energy Technologies and Renewable Sources of 

ENEA. Since 2000, he is a Researcher at ENEA. From 2011 to 2017, he was the head of the 
Photovoltaic Systems and Smart Grid Unit of ENEA, whereas from 2018 to 2019 he was the 
head of Solar Thermal and Smart Network Division of ENEA. From April 2019, he is the 
President of MEDENER, Mediterranean Association of National Agencies for Energy 
Management for energy efficiency and the development of renewable energy sources, and from 
May 2019 is the Coordinator of the Scientific Technical Committee of National Energy 
Technological Cluster funded by the Italian Ministry of Education, University and Research. 
He is a member of IEA task 11 “PV Hybrid systems within mini-grids” and task 14 “High 
penetration of PV systems in electricity grids” and of Italian Electrotechnical Committee (CEI) 
CT 82 “Solar photovoltaic”, CT 316 “Connection to LV, MV and HV distribution networks”
and CT 313 “Smart grids”.  
In 2017, he received the Italian National Scientific Qualification as Full Professor in the sector 
of electrical energy engineering. He is operating as Italian member for Mission Innovation 
Challenge 1 “Smart Grids” and Challenge 2 “Off-grid access to electricity”, and he is a member 
of the H2020 National Steering Board for the "Safe, Clean and Efficient Energy" Cluster, and 
member of the working group of the thematic area "Industrial Energy” for the “Climate, Energy 
and Sustainable Mobility” area set up by the Italian Ministry of University and Research within 
the drafting of the national research plan 2020-2027. He is the vice-coordinator of the Joint 
Programme on Smart Grid (JP SG) within European Energy Research Alliance (EERA) and the 
responsible of many National and European (FP7, H2020) projects on the topics of RES, 
integrated energy networks and smart grid. 
His main research interests are in: design, modelling and tools development for the control and 
management of Smart Grids and microgrids in the presence of DER; energy conversion 
components and systems design and characterization; performance analysis of integrated 
energy networks by multi-objective techniques; design, modelling, and analysis of multi-energy 
hubs; management and operation optimization of local and renewable energy communities; 
design, characterization and testing of concentrated solar power and photovoltaic components 
and plants; RES production and demand forecasting based on artificial intelligence techniques 
(machine learning).
He has supervised several MSc and PhD theses. He is also peer review, associated editor, 
member of editorial and advisory board of scientific journals, and chairman in international 
conference. He is also responsible of many R&D contract and agreement in the energy sector 
with international and national stakeholders. He is author of more than 250 scientific papers 
(with Scopus H-index 32) published in international journals and proceedings of international 
conference most of them awarded as highly-cited papers.
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Italy ENEA Production

Project: "Fotovoltaico ad alta efficienza" 
Operating Agreement with for Research on the Electric System, funded by Italian Ministry of Economic Development for research 
on photovolatics- 

- Development of high-efficiency solar cells: silicon heterojunction solar cells,
perovskite/silicon or kesterite/silicon tandem solar cell.
- Innovative materials for PV applications (perobskite and graphene),
- Development of device architectures and PV systems for BIPV and agriPV
(spectrally selective thin film solar cells and greenhouses with innovative PV
glasses);
- Development of innovative PV modules.

Dr. Paola De li Veneri , ENEA Domestic) 
- ENEA,
- University "Sapienza" of Rome,
- University "Tor Vergata" of Rome,
- University "Federico II" of Naples,
- University of Milano-Bicocca,
- Polytechnic of Bari,
- University of Torino.

Italy ENEA Production

AMPERE project: Automated photovoltaic ce l and Module industrial Production to regain and secure European Renewable 
Energy market. (H2020 , LCE-09-2016, Innovation Action).

- 200 MWp/year fully automated HJT cell and module manufacturing line in
ENEL GP (Catania-Italy);
- reduced LCOE;
- efficiency >23 % on solar cell and >20 % on PV module;
- Development of innovative equipment and highly automated systems for PV
industrial manufacturing line;
- Development of module LCA

Claudio Colletti - ENEL GP (Italy) Domestic):
- ENEA - Research Institute,
- ENEL GP-Indusrty
- RISE Technology - SME
- CNR - CONSIGLIO NAZIONALE DELLE RICERCHE - Research Institute,

International :
- CSEM. CENTRE SUISSE D'ELECTRONIQUE ET DE MICROTECHNIQUE - Research Institute -
Switzerland
- CEA:  Commissariat à l'Énergie Atomique et aux Energies Alternatives - Research Institute -
France
- MEYER BURGER -Indusrty-Switzerland
- EPFL:  Ecole Polytechnique Federale
de Lausanne - University and Research Institute - Switzerland
- NORSUN AS-Indusrty -Norway
- ENVIRONMENTAL RESOURCES MANAGEMENT LIMITED - Industry - United Kingdom
- JONAS & REDMANN AUTOMATIONSTECHNIK GMBH - Indusry - Germany
- SEMILAB FELVEZETO FIZIKAI LABORATORIUM RESZVENYTARSASAG - SME- Ungary
- FRAUNHOFER GESELLSCHAFT ZUR FOERDERUNG DER ANGEWANDTEN FORSCHUNG
E.V.- Research Institute - Germany

www.ampere-h2020.eu

Italy ENEA Production

CUSTOM-ART  project: DISRUPTIVE KESTERITES-BASED THIN FILM TECHNOLOGIES CUSTOMISED FOR 
CHALLENGING ARCHITECTURAL AND ACTIVE URBAN FURNITURE APPLICATIONS (H2020, LC-SC3-RES-9-2020, 
Innovation Action)

- Efficiency > 20% on solar cell and >16% on modules;
- Development of PV modules with ifetme oer 35 years to be used in BIPV/
PIPV;
- reduced production costs (< 75 euro/m2),

Alejandro Perez-Rodriguezl, IREC, Spain Domestic)   
ENEA - Research Institute,
• ECOR, ECO RECYCLING SrL , SME, Ita ia

International
• IREC - FUNDACIÓ INSTITUT DE RECERCA EN ENERGIA DE CATALUNYA - Research
Institute - Spain
• TALT, TALLINNA TEHNIKAULIKOOL t - University - Estonia
• IMEC, INTERUNIVERSITAIR MICRO-ELECTRONICA CENTRUM- Research Institute - Belgium
• EMPA, EIDGENOESSISCHE MATERIALPRUEFUNGS- UND FORSCHUNGSANSTALT- 
Research Institute - Switzerland
• UOL, CARL VON OSSIETZKY UNIVERSITAET OLDENBURG  - University- Germany
• HZB, HELMHOLTZ-ZENTRUM BERLIN FÜR MATERIALIEN UND ENERGIE GMBH -  Research
Institute - Germany;
• OBU, OXFORD BROOKES , University, UK;
• IPC, CENTRE TECHNIQUE INDUSTRIEL DE LA PLASTURGIE ET DES COMPOSITES -
Research Institute- France;
• UU, UPPSALA UNIVERSITET - University - Sweden:
• CRYS, CRYSTALSOL OU -SME-Estonia;
• IMRA, IMRA EUROPE SAS - SME-France;
• AYESA,  ADVANCED TECHNOLOGIES SA- Industry-Spain;
• SUN, SUNPLUGGED - SOLARE ENERGIESYSTEME GMBH - SME - Austria;
• RESC, RESCOLL - SME- France;
• KWS, Kunststoffverarbeitung Schiestl GesmbH -SME- Austria

Italy ENEA Production

MINERVA project "Materia i Innovativi, tecnologie e processi per prodotti a valore aggiunto -  funded by Italian Ministry of 
Economic Development/ Development

-Implementation of materials and innovative processes in the production of
s licon-based PV modules to optimize their performance.
-Development of bifacial silicon heterojunction solar cells;
-Development of Advanced Proces Control and Manufacturing Execution
Systems.

 Cosimo Gerardi, Enel (Italy) Domestic):
- ENEA - Research Institute.

International :
- ENEL GP-Indusrty
- RISE Technology - SME
- CNR - CONSIGLIO NAZIONALE DELLE RICERCHE - Research Institute,

Partnership (if any) Related informationCountry Institute Category Related programs
 (with short summary) Target / Goal Outcome Lead person / Organization

2019 - 2021 (R&D span)

Current 

2017 - 2020 (R&D span)

Current 

2020- 2024(R&D span)

Current 

2020 - 2024 (R&D span)

Current 
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Italy ENEA Smart Grid

Interplan/ INTEgrated opeRation PLAnning tool towards the Pan-European Network to support the EU in reaching the
expected low-carbon targets  while
maintaining network security (Horizon 2020-Secure Clean and Efficient Energy-RIA)

Design and development of an integrated operation planning too
towards the Pan-European Network

Dr. Graditi/ENEA - ENEA (Italy) - Research Inst tute

- AIT AUSTRIAN INSTITUTE OF TECHNOLOGY GMBH (Austria) 
Private research organiza ion
- European Distr buted Energy Resources Laboratories e.V.
(Germany) - Research Organization
- UNIVERSITY OF CYPRUS (Cyprus) - University
- FRAUNHOFER GESELLSCHAFT ZUR FOERDERUNG DER
ANGEWANDTEN FORSCHUNG E.V. (Germany) - Research
Centre
- INSTYTUT ENERGETYKI (Poland) - Research Institute

https //interplan-project.eu/

Italy ENEA Smart Grid

eNeuron / Development of innova ive approaches and methodologies to design and manage energy commun ties through the
optimal use of multiple energy vectors characterized by high complementar ty (H2020-LC-SC3-2018-2019-2020 / H2020-LC-
SC3-2020-EC-ES-SCC - IA)

Development of an innovative tools for the design and the
operation of Local Energy Commun ties integrating distributed
generation and multiple energy carriers at d fferent scales

Dr. Di Somma/ENEA - ENEA (Italy) - Research Inst tute
- UNIVERSITY OF CYPRUS (Cyprus) - University
- INSTYTUT ENERGETYKI - (Poland) - Research Ins itute
- FUNDACIO INSTITUT DE RECERCA DE L'ENERGIA DE
CATALUNYA (Spain) - Research Organization
- S NTEF ENERGI AS (Norway) -  inst tute for applied research
- FUNDACION TECNALIA RESEARCH & INNOVATION (Spain) -
Research Organization
- EPRI EUROPE DAC (Ireland) - Research Institute
- UNIVERSITA POLITECNICA DELLE MARCHE (Italy) -
Univers ty
- UNIVERSIDAD POLITECNICA DE MADRID (Spain)  - University
- ENEA OPERATOR SP ZOO (Poland) - Renewables &
Environment Company
- SKAGERAK NETT AS (Norway) - Company
- LABELEC - ESTUDOS  DESENVOLVIMENTO E ACTIVIDADES
LABORATORIALS SA (Portugal) - Company
- ENEIDA WIRELESS & SENSORS SA (Portuga ) - Company
- MINISTER O DA DEFESA NAC ONAL (Portuga )
- MIASTO BYDGOSZCZ (Poland) - European Distr buted Energy
Resources Laboratories e.V. (Germany) - FONDAZIONE ICONS
(Italy)

Italy ENEA Smart Grid

Ambience / methodologies for extending the concept of energy performance contracting for active building and making the
model available and attractive to a wider range of building typologies (Horizon 2020 - Secure Clean and E ficient Energy -
CSA)

i) Define new Energy Performance Contracts that embed the
Active Bu lding EPC concept and favours the provision of
integrated energy and non-energy services ii) develop
me hodologies for extending the concept of energy performance
contracting for active bu lding and making the model ava lable
and attractive to a wider range of bu lding typologies

Dr. Caerts/VITO - ENEA - Research Institute

- VITO - VLAAMSE INSTELLING VOOR
TECHNOLOGISCH ONDERZOEK N.V. (Belgium) - Research
Inst tute
- ASOCIAC ON K4 RESEARCH
ALLIANCE (Spain) - Private Research Organization 
- INESC TEC (Portugal) - Private Research Institute
- ENERGINVEST (Belgium) - Private Firm
- CNET CENTRE FOR NEW ENERGY
TECHNOLOGIES SA (Portuga ) - Private Firm
- BUILDINGS PERFORMANCE INSTITUTE
EUROPE (Belgium) - Research Organization

http //ambience-project.eu/

Italy ENEA Smart Grid

ComESto / creation of an Energy Storage Community integrating distributed generation and storage systems at different
scales by managing all the resources as a whole to increase the potential benefits for he different actors involved. Funded by
PON - Italian Ministry of Education  Universities and Research within the Energy  strategic area.

Creation of an Energy Storage Commun ty integrating distributed
generation and storage systems at d fferent scales by managing
all the resources as a whole to increase the potential benefits for
the different actors involved. 

Dr. Tegas/E-Distr buzione - ENEA (Italy) - Research Inst tute
- E-Distr buzione SpA ( taly) - Distribution System Operator
- ENEL ITALIA Srl (Italy) - Energy Company
- EVOLVERE SpA (Italy) - Energy Company
- Distretto Tecnologico High Tech SCARL -(Italy) Technological
Organization 
- Fondazione Bruno Kessler (Italy) - Research Organization  -
Green Energy Storage Srl (Italy) - Energy Company  -
GREENENERGY SpA (Italy) - Energy Company  -OCIMA Srl 
(Italy) - Private Company  -SPINTEL Srl (Italy) - Private Company   
TEN PROJECT Srl (Italy) - Private Company   -TELECOM ITALIA 
SpA (Italy) - Telecommunications Company  - Univers tà deg i 
Studi de la Calabria ( taly) - University  - Università degli Studi di 
Siena (Italy) - Univers ty  - Università Pol tecnica delle Marche 
(Italy) - University

http //www comesto.eu/

ENEA Smart Grid

National Fund for Electric System Research
(RdS – Ricerca di Sistema) / Methodologies and tools for evaluating and improving he re iabi ity of AC/DC hybrid grids in
Medium and Low Voltage 

Defining and development of methodologies and tools for
analysing and increasing the reliab lity of hybrid DC –AC
integrated distribution networks  both at medium and low vo tage

Dr. Valenti/ENEA - ENEA (Italy) - Research Inst tute  - 
Univers tà di Palermo (Italy) - University  - 
Politecnico di Milano (Italy) - Univers ty - Università
di Pisa (Italy) - University

Related informationPartnership (if any)Country Institute Category Related programs
 (w th short summary) Target / Goal Outcome Lead person / Organization

2017 - 2021 (R&D span)

2020 - 2023 (R&D Ssan)

2019- 2021 (R&D span)

2018 - 2021 (R&D span)

2019 - 202 (R&D span)

Current 

Current 

Current 

Current 

Current
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taly ENEA Concentrated Solar Energy

IN-POWER / Developing high efficient concentrated solar power architecture through he development of advanced 
materials solution to increase overa l e ficiency w hile decreasing the energy production cost (HORIZON 2020 - NMBP - IA)

i) Increase 3 imes standard thermal storage 
capacity by novel materials. ii) Reduce 4 times 
the land use compared to current parabolic 
trough co lector. iii) Bring levelized cost of 
electric ty below 0.10€/kWh beyond 2020

Dr. De la / LEITAT Domestic) 
-

 Kolzer - Industry
International

 field test   modeling  

http://in-power-project.eu/

taly ENEA Concentrated Solar Energy

ORC_PLUS / Organic Rankine Cycle - Prototype Link to Un t Storage. The aim is to develop an optimized combina ion of 
innovative Thermal Energy Storage-TES  sma l CSP plant  and  ORC system to produce electricity from solar siurce 
(Horizon 2020 - Energy - IA)

i) Develope an innovative Thermal Energy 
Storage system which is optimised for CSP plants 
in the scale of 1-5 MWe i) improve he 
dispatchab lity (production on demand) and 
number of hours of production  regardless of 
sunlight availabi ity  of an existing sma l CSP 
plant coupled with an ORC system (located in a 
desert area).

Dr. Gaggio i / ENEA

 field test   modeling

https://www.orc-plus.eu/

taly ENEA Concentrated Solar Energy

SFERA II / Solar Fac lities for the European Research Area - Third Phase (HORIZON 2020 - ERI - RIA ) Contribute to ensure the long-term sustainabi ity 
of the European advanced solar laboratories  
supporting Europe as a global leader in solar 
research infrastructures. Those activities include 
(i) networking activities to fur her develop the 
cooperation between the research 
infrastructures  the scientific community  
industries and other stakeholders  ( i) 
transnational access activi ies aiming at providing 
access to all European researchers from both 
academia and industry to singular scientific and 
technological solar research infrastructures  and 
(i i) joint research activities whose sole purpose is 
to improve the integrated services provided by 
the infrastructure.

Dr. Sanchez / CIEMAT Domestic) 

International)
-

 field test   modeling   standard  

https://sfera3.sollab eu/

taly ENEA Concentrated Solar Energy

RESLAG / Turning waste into value. Valorise the steel slag hat is currently not being 
recycled (right now it is partially landf lled and 
partia ly stored in the steel factories) and reuse it 
as a raw material for 4 innovative applications 
that contr bute to a circular economy in the steel 
sector with an add tional cross-sectorial 
approach. These app ications are demonstrated 
at pilot level and led by end-user industries. 

Dr. Palomo / CIC Energigune Domestic)
-

International)

 field test   modeling

http://www.reslag.eu/

taly ENEA Nextowert

NEXTOWER / Introduc ion of  a set of innovative materials to boost the performance of atmospheric air-based 
concentrated solar power (CSP) systems to make them commercia ly viable. (Horizon 2020 - NMBP - IA)

i) optimize bulk and joining materials for durabi ity 
at the component level  to achieve 25 years of 
maintenance-free continued service of the 
receiver and maximum thermodynamic e ficiency 
at the system level
i ) achievement of a new generation of materials 
a lowing for virtua ly maintenance free operations 
and increased working temperature

Dr. Rinald/ENEA

taly ENEA Project 1 9 - Solar Thermal

Accordo di Programma  ENEA MiSE  funded by Italian Ministry of Economic Development/ Project 1.9 - Solar Thermal Development and tes ing of  ) new components  
i ) new Heat Transfer Fluids  ii)  innova ive 
Thermal Energy Storage systems  iv) new 
solu ions for process heat

Dr. Giaconia/ENEA

 field test   modeling

Related informationPartnership ( f any)Country Inst tute Category Related programs
 (w th short summary) Target / Goal Outcome Lead person / Organiza ion

2017 - 2020 (R&D span)

Cu ent 

2017 - 2021 (R&D span)

Cu ent 

2015 - 2019 (R&D span)

Cu ent 

2019 2022 (R&D span)

Cu ent 

2016 - 2019 (R&D span)

Cu ent 

2019 - 2020 (R&D span)
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Current Status and Future Perspectives (“Now and Future”) 
of Clean Energy Technologies in AIST 

OBARA Haruhiko 
Department of Energy and Environment, 

National Institute of Advanced Industrial Science and Technology (AIST), Japan 

1. Introduction (Times New Roman or Times-Roman 12 pt)
Japan has a long history of research and development in energy technologies to ensure energy

security and independence. For example, Japan's long-term Sunshine Project to develop ‘new 
energy’ technologies, such as renewable energy, started in 1974, and the long-term Moonlight 
Project to develop energy conservation technologies was begun in 1978. These led the world-
scale research and development of ‘new energy,’ and became a solid foundation for the progress 
of the present renewable energy society. As a further challenge in responding to the recent global 
environmental problems and changes in the energy supply strategy after the 2011 Fukushima 
disaster, research and development at the national level has been accelerated while linking 
academic, public and private sectors. The 2018 “Fifth Strategic Energy Plan” gives insight into 
Japan's energy policy toward 2030 and 2050 and aims for widespread renewable energy use. In 
view of the global momentum toward decarbonization that gained more than ever at the Paris 
Agreement, it is important to set goals that are more ambitious than before. To that end, AIST 
explores and pursues all possible options for achieving this energy transition. 

2. R&D activities related to clean energy technology
The department of Energy & Environment at AIST is promoting green innovations to reduce

greenhouse gas emissions by utilizing technologies for efficient and reliable renewable energy 
production, hydrogen-based, safe and high-density energy storage, efficient thermoelectric 
elements, and diffusion of these technologies into the society.  

AIST has established two research centers to emphasize its commitment to green innovation: 
the Fukushima Renewable Energy Research Institute, AIST (FREA), established in April 2014, 
and the Global Zero Emission Research Center (GZR), established in January 2020. GZR 
addresses fundamental technologies pertaining to solar power, thermoelectric power, hydrogen 
related materials, carbon utilization, artificial photosynthesis and assessments for decarbonation. 
FREA focuses on renewable energy technologies such as solar, wind, geothermal, energy 
management technologies for smart grid, and hydrogen-based energy storage/carriers, all from 
an application-oriented point of view.   

Both research centers will play a role as a global open innovation platform for 
decarbonization, and ultimately for a zero-emission society, through collaboration with academia 
and industry all over the world.  

3. Specific research activities in next generation energy management systems with
batteries, renewable energy, hydrogen, CCUS, and related technologies
The following are some of the state-of-the-art clean energy technology research activities

conducted at AIST. 
Renewable energy (PV)
High-efficiency PVs are expected to promote new applications such as in vehicles, aircrafts,

etc. Tandem device configurations are promising in improving PV efficiency. We have 
developed a brand-new wafer bonding method named, “smart stack”. Under this concept, we 
have found that metal nanoparticles between cells show good bonding characteristics with low 

(10) Japan: National Institute of Advanced Industrial Science and Technology 
(AIST)
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resistivity and high transparency. In addition, this allows for the significant flexibility of device 
combinations including all kinds of conventional PVs. 

Next generation energy management system with batteries
Energy storage, particularly rechargeable batteries, plays an important role for a next-

generation energy management system. We are developing post lithium-ion batteries, such as 
all-solid-state, lithium-sulfur, and potassium-sodium ion batteries to improve the energy density 
of batteries. For example, we have succeeded in enhancing energy density for sulfide electrodes 
using amorphous materials. We are also researching the reaction mechanisms during charge and 
discharge to design high-performance electrode materials. This shows the analysis of the 
degradation mechanism on lithium cobaltate cathode by Transmission Electron Microscope etc., 
and we obtained effective surface coating methods which improve the cycle performance. 

Hydrogen
Ammonia is one of the high-density hydrogen carriers. However, ammonia synthesis from

variable renewable energy and direct combustion for power generation are challenging research 
topics. We have developed a new catalyst and process for producing ammonia from renewable 
hydrogen, and a low-NOx operation of a direct ammonia-fired turbine. The combination of these 
technologies can contribute to the establishment of an entire value chain of ammonia energy 
carrier systems. 

CCUS
We are developing a methanation process as a CO2 utilization technology that produces

methane using hydrogen from renewable energies and CO2 retrieved from thermal power plants. 
We study the catalyst activity and optimization method of the methanation process together with 
industry, academia and the government. 

Related programs/projects conducted by the institute (further information on programs/projects 
can be found in the template) 
Renewable energy (PV) 

“Research and development of high efficiency and low-cost solar cells using single-
crystal CIGS and smart stacked multijunction technologies” (2015-2019)
“Research and Development of ultra-high efficiency solar cell modules using
multijunction technologies” (2020-2022)
“International collaborative R&D for low-cost and high-durability solar cells” (2020-
2023)

Next generation energy management systems with batteries: 
“Development of Lithium-ion battery with high performance for severe temperature
conditions” (2015-2019).
“Analyzing the Reactions of Electrolyte and Cathode in a Lithium/Sulfur- and
Lithium/Metal Sulfide Battery (AReLiS)” (2019 2020)
“Metal-free redox flow battery for introduction of renewable energies into the grid”
(2020-2023)
“Enabling the manufacturing of advanced solid-state batteries” (2020-2022)

Hydrogen 
“Research and development of hydrogen production technology by thermal
decomposition of methane” (2019-2020)
“Advancement of alkaline and polymer-electrolyte water electrolysis” (2018-2022)
“Development of efficient and durable catalyst for hydrogen production from formic
acid” (2020-2022)
“Approach to the Development of P2G System Technology Aiming to Build a CO2-Free
Hydrogen Society in Yamanashi Prefecture” (2016-2021)
“Development of Ammonia Synthesis Process from CO2 Free Hydrogen” (2014-2018)
“Advanced Evaluation and Analysis Technology on Degradation of SOFC Stacks”
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(2020-2024) 
“Development of novel thermochemical hydrogen compressor using high pressure metal
hydride” (2020-2023)

CCUS 
“Production of useful chemicals using solar energy” (2017-2022)
“Development of Basic Technology for Next Generation Thermal Power Generation
(Development of CO2 Utilization Technology)” (2017-2020)
“Cutting-Edge Research for Development of CO2 Utilization Technology
(Electrochemical Direct Decomposition of CO2)” (2019-2020)

4. International collaboration
4-1 International alliance/networking development

AIST has concluded comprehensive MOUs with the following nine RD20 members in the
field of energy and environment as of 1st September 2020: National Research Council of Canada 
(NRC, Canada), Chinese Academy of Sciences (CAS, China), Joint Research Centre of the 
European Commission (JRC, EC), Commissariat à l'Energie Atomique et aux energies 
alternatives (CEA, France), Centre National de la Recherche Scientifique (CNRS, France), 
Fraunhofer-Gesellschaft zur Förderung der angewandten Forschung e. V. (Fh-G, Germany), 
Agency for the Assessment and Application of Technology (BPPT, Indonesia), and National 
Renewable Energy Laboratory (NREL, USA). In terms of clean energy technology, AIST, 
Fraunhofer Institute for Solar Energy Systems and National Renewable Energy Institute are co-
organizing both the Terawatt Workshop and the Gigaton Hydrogen workshop series to discuss 
and share the challenges and opportunities for large-scale deployment of solar photovoltaics and 
hydrogen. We hope we can enhance international collaborations with other RD20 members and 
institutes worldwide for clean energy technology R&Ds. 

4-2 International joint R&D activities
Since the 1st RD20, AIST has signed twenty-two joint research contracts with various

institutes around the world for clean energy technology R&Ds. These include fourteen newly 
signed contracts with seven countries (including four contracts with RD20 members) and eight 
extended contracts with five countries and organizations (including three with RD20 members). 

5. Future perspectives (beyond 2030)
In January 2020, Japan formulated the “Environment Innovation Strategy” to create

innovations in the energy and environment fields. This strategy aims to realize a feasible cost 
level for innovation deployment, and to contribute to significant GHG reduction not only in 
Japan but also worldwide. The strategy includes “Innovation Action Plans,” which serve as 
“technology compasses” to establish innovative energy and environmental technologies by 2050. 
There are five key sets of technologies outlined in the Plans: non-fossil energy, energy network, 
hydrogen, carbon recycling and CCUS, and zero-emission agriculture, forestry and fisheries. 
Since AIST is conducting progressive research in these key sets of technologies, we will 
contribute to the realization of the “Innovation Action Plans” by implementing full research, i.e., 
from fundamental to applied research, for clean energy technologies with the ultimate goal of 
achieving a zero-emission society. 
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Current Status and Future Prospects of Research on Sustainable Energy Systems in NIMS 

Kazuhito Hashimoto  
President 

National Institute for Materials Science (NIMS), Japan 

1. Introduction
Since the first oil crisis in 1973, Japan has been working hard to improve the situation through

various energy related national projects, because of the lack of natural resources including fossil 
fuels. The energy self-sufficiency rate of Japan, however, is still less than 10% and the demand 
to reduce the greenhouse gas (GHG) emission, i.e., the use of fossil fuels, is growing more and 
more. Thus, significant efforts are currently being made to establish energy systems based on 
renewable energy such as solar and wind. Here efficient processes for energy transport/carrier, 
storage, and generation/capture as well as saving/use are required. National Institute for 
Materials Science (NIMS), the only institute in Japan devoted to materials research, is 
committed to develop materials and devices for sustainable energy systems. 

2. R&D activities related to clean energy technology
Since the foundation in 2001, the development of energy and environmental materials is

always one of the most important research targets of NIMS. From October 2009 to March 2019, 
the Global Research Center for Environment and Energy based on Nanomaterials Science 
(GREEN), which was supported by the Program for the Development of Environmental 
Technology using Nanotechnology from the Ministry 
of Education, Culture, Sports, Science and 
Technology (MEXT), played the central role in R&D 
on energy and environmental materials with emphasis 
on the understanding and control of interfacial 
processes as common issues in energy flow from solar 
energy. As an extension of GREEN, the Center for 
Green Research on Energy and Environmental 
Materials was founded in 2016. Its activities include 
research on energy transport/carrier (liquid hydrogen 
technologies), storage (rechargeable battery and 
capacitors) and generation/capture (photovoltaic and 
thermoelectric materials). In the following section, 
representative results of energy transport/carrier, 
storage, and generation/capture are presented. 

3. Specific research activities on sustainable
energy systems

3.1 Liquid H2 for Energy Carrier 
The importance of hydrogen as an energy carrier is 

increasing. The technology for a hydrogen 
infrastructure consists of the production, 
transportation, storage and utilization of hydrogen. 
For transportation, it is desirable for hydrogen to be in 
a liquid form because a volume of liquid hydrogen is 
800 times smaller than that of gaseous hydrogen. 

Fig. 1. Discovery of HoB2 

(11) Japan: National Institute for Materials Science (NIMS)
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There are two major issues for liquid hydrogen to become a popular energy carrier: (1) The cost 
of liquid hydrogen is too expensive, (2) the safety of materials reliability in cryogenic hydrogen 
is unknown for many materials.   

The reason why liquid hydrogen is expensive is that the efficiency of the conventional 
liquefaction process based on gas compression and Joule-Thomson (J-T) effect is only 25%. 
In order for hydrogen to be a competitive carrier, hydrogen liquefaction efficiency should be 
above 50%. To conquer this issue, NIMS has started in 2018 a project supported by JST 
“Development of an advanced hydrogen liquefaction system and a zeroboiloff subcooler 
system  by using magnetic refrigeration technology.”   Magnetic refrigeration uses the 
magnetocaloric effect, where the temperature of a magnetic material increases or decreases by 
applying or removing a magnetic field, respectively.  Magnetic refrigeration doesn’t need 
compressors, instead being a combined system of magnetic materials and a high field magnet. 
The development consists of synthesizing magnetic materials and optimizing the system 
including a superconducting magnet.  We use a machine learning technique to explore new 
magnetic refrigeration materials.  The discovery of HoB2 is a successful example (Fig. 1).  
We use numerical analyses to optimize the particle size of magnetic materials and 
superconducting magnet design.   

 In order to ensure the safety of 
materials reliability in cryogenic 
hydrogen, NIMS is planning to 
establish a test facility in which we 
make materials reliability 
evaluation in cryogenic hydrogen 
(Fig. 2).  Evaluation of strength 
properties, durability and 
hydrogen compatibility of 
materials are vital to 
manufacturing products provided 
for liquid hydrogen supply chain. 
An investigation of the reliability 
data would also give a chance to 
develop new materials suitable for 
the use in cryogenic hydrogen.  

3.2 Energy Storage/ Rechargeable Batteries 
Although lithium-ion batteries (LIBs) have been supporting the development of modern 

society as the key mobile power source for smart phones, personal computers, and electric 
vehicles (EVs), etc., they do not meet all the new demands in the coming sustainable society. 
EVs require batteries with much higher energy density. Introduction of large scale renewable 
energy, in which temporal fluctuation is inevitable, must be associated with much durable 
stationary batteries. Research on innovation batteries in NIMS is focusing on lithium/air and 
solid-state batteries for high energy density and high 
reliability, respectively.  

Lithium/air batteries (LABs) have an extremely-high 
theoretical energy density, but the observed value has been 
moderate. By employing air cathodes made of carbon 
nanotubes, we have demonstrated for the first time that the 
actual energy density can reach 600 Wh kg−1. The module 
structure is important for the practical performance. We 
have developed a module structure with a 10-cell stacking 

Air inlets

Fig. 3. 10-cell module with Li-air 
batteries stacked in parallel. 

 

Fig. 2. Materials reliability evaluation in cryogenic hydrogen 
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and passive air intake to deliver a practical discharge capacity (Fig. 3). Based on our 
achievements, we established a collaborative center with Soft Bank Corp in April 2018 to 
develop LABs for high altitude platform stations (HAPS) where light weight batteries are 
essential to be used in flying objects including drones.  

Data-driven experimental design is one of the most promising approaches to identify suitable 
electrode compounds, combined with high throughput experiments. Actually, such approaches 
are effective for the screening of liquid electrolytes compositions, which consist of complex 
multi-component mixtures, such as combinations of lithium salts, solvents and additives. We 
developed a combinatorial high-throughput system with a screening rate of more than 1000 
samples/day, specialized for the evaluation of battery components. Using this system combined 
with Bayesian optimization techniques, a specific combination of five chemical compounds 
was identified that improved the performance of LABs. Our results revealed the utilization of 
the automated robotic experiments with AI/MI can accelerate the discovery of improved 
electrolyte compositions. While it is time-consuming or even unrealistic to find ideal 
combinations of multiple additives using a traditional bottom-up approach, our developed 
technique efficiently identifies complex electrolytes that can lead to superior rechargeable 
battery performance. 

One of the most important features of solid-state batteries is high reliability. Replacement of 
combustible organic electrolytes with non-flammable solid electrolytes makes the batteries free 
from fire. Single-ion conduction in the solid electrolytes suppresses side reactions leading to 
the performance degradation. Despite these advantages, the development of solid-state batteries 
was not significant because of the low ionic conductivity of solid electrolytes leading to a low 
power density until the recent finding of sulfide based solid electrolytes with a conductivity 
higher than 10−2 S cm−1, which is even higher than that of liquid electrolytes used in the current 
LIBs. Since even such a high ionic conductivity does not lead to the high power-density without 
reduction of interfacial resistance between the battery materials, we have been focusing our 
research effort on the interfacial phenomena in solid-state batteries. Our fusion study among 
computational science, advanced characterization, and material development has revealed that 
cathode interface in sulfide-electrolyte systems is highly-resistive due to the lithium depletion 
and thus rate-determining, and we have successfully developed a unique interfacial structure to 
reduce the resistance. Now, we put a major effort on solid-sate batteries based on oxide-
electrolytes, which is more reliable and safer but has many issues to be solved. We have started 
research on processes involved in all solid battery under “Materealize Project” supported by 
MEXT in October, 2019 and initiated joint collaborative research on oxide based all solid state 
batteries with a group of companies in May, 2020.   

NIMS operates NIMS Battery Research Platform, which is equipped with the facility for 
battery fabrication and materials characterization, to support R&D of next generation batteries 
in Japan in collaboration with ALCA-SPRING project, which is supported by Japan Science 
and Technology agency (JST), since 2013. NIMS was 
awarded competitive fund for a new facility on battery 
research by supplementary budget in FY2019.  

Other research activities in NIMS on energy storage 
include a graphene based super capacitor, which is now being 
developed by a spin-out venture company. 

3.3 Sustainable Energy Generation 
(i) Photovoltaics
Major efforts of photovoltaics research in NIMS have been

done on emerging PVs such as dye sensitized solar cells and 
metal halide perovskite solar cells. We have been carrying out Fig. 4. Perovskite module for 

practical applications. 

155



not only the development of solar cells with high efficiency and low manufacturing cost, but 
also fundamental research on photo-electric conversion mechanism. We have achieved the 
world’s highest efficiency for a dye-sensitized solar cell and the highest stability with over 4,000 
hours of power generation for a metal halide perovskite solar cell. The latter effort resulted in 
the development of large area perovskite solar cells (Fig. 4). Development of lead-free halide 
perovskites with low environmental impact has been also promising, recently achieved high 
efficiencies (>11%) and stability at the same time. Other research activities on photovoltaics in 
NIMS include Si-based nanowires and quantum dots.  

(ii) Thermoelectrics
As the center of excellence for

thermoelectric energy conversion research 
and development in Japan, NIMS carries out 
materials discovery, advanced thermal 
measurements, and module development to 
construct core technologies for future 
applications. Thermoelectric power 
generation, which can convert waste heat 
(with a temperature difference ΔT) into 
electrical energy, could contribute to develop 
the technology required to construct a 
sustainable energy supply. The need to 
establish a local-production-for-local-
consumption-type autonomous power supply technology has emerged. It can provide the 
electric power necessary to drive a variety of sensors to support a society built around sensing 
networks. Although coin cell batteries are currently the main power supplies for sensors, the 
replacement cost and recyclability require alternative types of power supplies with longer 
lifetimes. Recently, NIMS succeeded in the development of high-integrated thermoelectric 
modules (~100chip/cm2) with a power density of 100μW/cm2 (ΔT = 5K at room temperature). 
These power generation modules can operate in the low-temperature region from room 
temperature to 473 K with a small temperature difference by using only earth-abundant and 
non-toxic elements of Fe, Al, and Si (FAST materials). We established a mass-production 
process (~1kg/batch) for FAST materials. Figure 5 shows the prototype of the thermoelectric 
modules and devices for sensing environment information such as temperature and humidity 
using a temperature difference at room temperature. The cost of constituent materials can be 
reduced by 1/5 from that of the conventional Bi-Te thermoelectric materials. In the mid-
temperature applications, FeSi2- and Mg2SiSn-based thermoelectric modules are developed for 
waste heat recovery in various systems such as biomass boiler.  

4. Related programs/projects conducted by NIMS
 NIMS operating subsidy project "Basic Research on Energy-Conversion & Storage" /

Research on materials maximizing energy efficiency in the new energy value chain
(MEXT, 2016-2022)

 Innovative hydrogen liquefaction technologies desired in future society / Development
of advanced hydrogen liquefaction system by using magnetic refrigeration technology
(JST project, 2018-2027)

 Advanced Low Carbon Technology Research (ALCA)/ Development of next
generation solar cells based on the combination of perovskite and silicon photovoltaic
technologies (JST project, 2016-2018)

 Autonomous Power Supply for IoT Devices using Small Temperature Difference
Project / Research and development of low-cost and non-toxic Fe-Al-Si-based

Fig. 5. Fe-Al-Si-based thermoelectric module and

prototype device for IoT applications. 
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thermoelectric materials and modules for driving IoT wireless sensors based on power 
generation technology that uses small temperature difference (NEDO project, 2018-
2020) 

 Advanced Low Carbon Technology Research and Development Program - Specially
Promoted Research for Innovative Next Generation Batteries (ALCA-SPRING) /
Acceleration of R&D of the next generation of the existing lithium-ion batteries (JST
project, 2013-2022)

 SOLiD-EV project / Development of all-solid-state lithium-ion batteries for electric
vehicles (NEDO project, 2018-2022)

 Element Strategy Initiative for Catalysts and Batteries / Developing high-performance
automotive catalysts and secondary batteries through the interplay between
experimental ant theoretical studies (MEXT, 2012-2021)

 Materealize Project / Establishment of process science for realizing all-solid-state
batteries (MEXT, 2019-2026)

 Material Open Platform for All Solid State Batteries / Development of oxide-type all-
solid-state batteries (MEXT, 2020- )

5. International collaboration
5.1 International alliance/networking development

NIMS has been encouraging its researchers to collaborate internationally. In fact, more than 
50% of papers published by NIMS in recent years were internationally co-authored. Such papers 
tend to gain a significantly higher number of citations. Since its inception in 2001, NIMS has 
concluded a number of MOUs with high-level research institutions and universities in the world. 
18 inter-institutional and more than 90 divisional MOUs are active now. In order to facilitate 
actual exchange of researchers and collaboration with foreign institutions, we have programs to 
support organizing international conferences and workshops, to invite prominent researchers to 
NIMS, and to support graduate students from universities overseas. A unique approach of NIMS 
may be the NIMS Award which started in 2007. Every year truly innovative researchers who 
succeeded to make a breakthrough in materials science are selected and invited to give a lecture 
at the academic symposium held during the NIMS Week, the largest PR event of NIMS. This 
one-day open symposium featuring the NIMS award has been an excellent opportunity for the 
NIMS researchers to cultivate and strengthen their international network. Also the NIMS ability 
to act as a key player in the international field of materials science is presented to the local 
community. 

5.2  International joint R&D activities 
In NIMS, the Research Center for Energy and Environment focuses on materials science and 

technologies related clean energy. Currently the center has nine international MOUs (six of 
them with universities in G20 countries) and the subjects of collaborative research include new 
materials and technologies for solar cells, fuel cells, thermoelectric devices, and hydrogen energy. 
All these subjects are important to realize a low-carbon society. With national institutes in the 
G20 countries, NIMS has several important agreements. For example, with NIST (USA), we 
collaborate on data utilization and development of necessary technologies to expedite materials 
development. With EMPA (Switzerland), NIMS has been co-publishing an open-access journal 
“Science and Technology of Advanced Materials.” With the Bredessen Center of the University 
of Tennessee, which is co-operated by the Oak Ridge National Laboratory (USA), we signed an 
agreement for cooperative graduate program last year. With ANSTO (Australia), we have a long 
history of collaboration in the field of neutron scattering and synchrotron X-ray research. We 
believe that collaboration with national institutions in the G20 countries in the research topics 
presented today is very important to accelerate materials research for clean energy as well. 
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6. Conclusion and future prospects
NIMS has been working hard to develop materials, which are required to realize a sustainable

society based on renewable energy such as solar and wind. Our efforts are, however, not limited 
to materials for transport/carrier (hydrogen technologies as described above), for storage 
(rechargeable battery and capacitor) and for energy generation/capture (photovoltaic and 
thermoelectric materials). We put a great deal of effort to the development of materials for saving 
and efficient use of energy. For example, high temperature resistive alloys, which are essential 
for the high temperature operation of engines, and magnetic materials, which are required for 
highly efficient motors. 

We continue to work on these materials but more efficiently and effectively with the aid of 
high-throughput screening of materials using MI/AI as well as advanced characterization tools. 
Furthermore, to accelerate the implementation of the materials we develop, we will be working 
on devices and systems utilizing these materials with the collaboration with industrial partners. 
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Dr. Kazuhito Hashimoto 

Kazuhito Hashimoto accepted the appointment of President of 
National Institute for Materials Science in Tsukuba in 2016. He is 
also a professor at Institute for Future Initiatives of the University of 
Tokyo (UT) and serves as a senior counselor to the president of UT 
since 2016. He is a member of Board of Governors (BOG) of 
Okinawa Institute Technology (OIST) since 2016. As an executive 
member of Council for Science, Technology & Innovation (Cabinet 
Office, Government of Japan), he has also been contributing to the 
Science and Technology Policy of Japan since 2013.  

After he received his BS (1978) and MS degrees (1980) of 
Chemistry from UT, he obtained a research position at the Institute 
for Molecular Science (IMS) in 1980. He obtained a Doctor of Science degree from UT in 1984. 
In 1989, he was invited as a lecturer at Department Applied Chemistry at UT, where he was 
promoted to Associate Professor in 1991. He was appointed a full professorship at the Research 
Center of Advanced Science & Technology (RCAST) of UT in 1997. He served as a Director 
of RCAST from 2004 to 2007. He was also appointed Professor at Department of Applied 
Chemistry at UT from 2003 to 2016.  

His research interests are spread in a very broad area including photocatalysis, microbial 
electrochemistry, functionalized magnetic materials, artificial photosynthesis, and polymer 
photovoltaics, among many others. His contributions to science are described in more than 650 
peer reviewed papers and more than 50,000 citations (h-index 110). He also wrote more than 
200 reviews and book chapters. The truths he uncovered are the basis for many manufactured 
products. His contributions to technology and engineering are described in approximately 200 
issued Patents, more than 20 of which are in use.  

He received many awards including the Japan Prime Minister Award for Academia-Industry 
Corporation in 2004, the Japan Imperial Award for Invention in 2006, the Chemical Society of 
Japan Award in 2012, the Heinz Gerischer Award of ECS in 2017 and the Medal of Honor with 
the Purple Ribbon in 2019. 
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2nd RD20, Oct 9, 2020 

Progress of research and development related to clean energy at RIKEN 
Yuko Harayama 

Executive Director of RIKEN, Japan 

. 
1. Introduction

RIKEN is Japan's largest comprehensive research institution renowned for high-quality
research in a wide array of scientific areas spanning physics, engineering, chemistry, 
computational science, biology, and medicine. Founded in 1917 as a private research foundation, 
RIKEN has grown rapidly in size and scope, today encompassing a network of world-class 
research centers and institutes across Japan. 
Now, as a national research and development institute, RIKEN’s mission is to maximize research 
and development outcomes effectively and efficiently. We must at all times remain keenly aware 
of our responsibility to society, while at the same time ensuring the autonomy and creativity of 
our scientists. We will link our discoveries in science and technology to the creation of new value, 
integrate the synergies that distinguish RIKEN, and strengthen our collaborations with partners 
inside and outside Japan. We will do this by continuing with basic research, which is the source 
of knowledge, and by developing outstanding technologies. As a world leader in science, RIKEN 
will strive to create a better life for the Japanese people and contribute to the global community. 
In 2015, two historic proposals—the Paris Agreement on global warming (COP21) and the 
United Nations 2030 Agenda for Sustainable Development—were supported by more than 190 
countries. Japan promised to work on realizing the Agenda’s 17 sustainable development goals 
(SDGs) and to move toward a 26 per cent reduction of greenhouse gases from 2013 levels by 
2030. To fulfill Goal 7 (affordable and clean energy) of the SDGs and to achieve the greenhouse 
gas emissions reduction target, Japan has undertaken and expanded scientific initiatives in clean 
energy technology research and development as a part of its national science policy. As one of 
RIKEN’s missions is to advance R&D based on national strategies, we have also strategically 
engaged in R&D in this field. 

2. R&D activities related to clean energy technology
The RIKEN Center for Sustainable Resource Science (CSRS) plays a major role in research

and development for clean energy technologies within RIKEN. Since its establishment in 2013, 
CSRS has been a leader in creating a sustainable society through transdisciplinary integration of 
plant science, chemical biology, and catalytic chemistry. Using as guides the Sustainable 
Development Goals (SDGs) adopted by the United Nations in 2015 and the agreement of the 
COP21 on achieving zero greenhouse gas emissions, we are promoting five flagship projects. 
Each of these projects aims to further advance basic research in the efficient creation, exploration, 
and use of beneficial substances from natural resources, sustainable food production, and 
bioproduction that CSRS has been undertaking in the past. In addition, the projects will move 
beyond the boundaries of research fields and develop manufacturing methods with less impact 
on the environment. In particular, advances made in recent years in AI and data science can bring 
about a significant step forward. While actively nurturing the next generation of scientists with 
a strong background in information science, CSRS will lead in creating a future world where 
people can live healthy and prosperous lives. As Center Director Saito, who was appointed to 
the position in April 2020, advocates for a new research field called “sustainable resource science” 
in the academic community, CSRS will take the initiative in disseminating the new field while 
promoting international cooperation.  
   In addition to CSRS, other research centers are also involved in research and development 
for element technologies that can help advance clean energy technologies. Research and 

(12) Japan: RIKEN
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development is conducted through the integration of research fields, the promotion of joint 
research inside and outside of RIKEN, and the effective use of large-scale facilities such as 
supercomputers and synchrotron radiation facilities.   

3. Specific research activities in renewable energies, next generation energy management
system with batteries; hydrogen; carbon dioxide capture, utilization and utilization
(CCUS); and related technologies
Carbon dioxide capture and utilization (CCU) is a technological solution that aims to use

CO2 as a source to produce useful substances, such as chemicals and fuels, by capturing and 
compressing CO2 via chemical reactions (by using catalysts), biological reactions (by using 
plants and algae), or a hybrid of the two.  

To reduce greenhouse gas emissions and develop alternative means to create energy, RIKEN 
is currently advancing R&D projects related to hydrogen, CCU, and other relevant technologies. 
Research topics include artificial photosynthesis, converting CO2 and H2O into chemical fuels, 
and biological approaches that help plants and algae absorb CO2 and/or produce useful 
substances. Supported by the New Energy and Industrial Technology Development Organization 
(NEDO), the RIKEN Center for Advanced Photonics (RAP) collaborate with CSRS and they 
jointly focus on hydrogen production by water electrolysis, a candidate technology to master the 
use of natural energy sources that, while carbon-free, experience substantial fluctuations. 
Specifically, this technology R&D project is working to design and control a hydrogen 
production system that uses a non-noble metal catalyst with an incorporated photosynthesis 
mechanism so that H2 can be produced efficiently from H2O at a low cost.    

RIKEN is also involved in a development project for a system that uses electricity obtained 
from renewable energy and a non-noble metal catalyst to directly and efficiently produce basic 
chemical compounds such as ethylene from CO2 and H2O under ordinary temperatures and 
normal pressures. In 2020, RIKEN will promote research and development for comprehensive 
systems related to CCU, which is a research project adopted by NEDO under the Moonshot 
Research and Development Program launched by the Cabinet Office, by using cutting edge 
underlying technology developed by RIKEN and collaborating with universities and research 
institutes in Japan and overseas.   

Furthermore, we are conducting research on alternatives for fossil fuels, focusing on algae 
that can produce an abundant amount of oil. Using microalgae analysis and metabolic analysis 
techniques, CSRS is working on research to discover a metabolic pathway related to the amount 
of fat and oil production through the analysis of metabolic products and gene expressions of 
microalgae beneficial to industry. Using matching funds from a corporation that aims to develop 
microalgae biofuels for practical application, RIKEN has also established a joint research team 
engaged in developing techniques to mass-produce these biofuels through gene search and gene 
modification techniques. To disseminate such advances in research to society, RIKEN and 
Universiti Teknologi Malaysia (UTM) jointly hosted a workshop for middle and high school 
students (grades 7-12) on the UTM campus in December 2019. RIKEN also participated in the 
FY 2020 Co-creation Consortium for Functional Bio-Research, which was established by the 
Japan Science and Technology Agency (JST) under its “Open Innovation Platform with 
Enterprises, Research Institute and Academia (OPERA)” program with the aim of developing 
microalgae biorefinery to reduce CO2 emissions and environmental impact. (14 research 
institutes/universities and 18 enterprises participated in the event.) 

 Degradation analysis and stabilization improvement of polymer membrane water
electrolyzer with non-precious metal catalyst under fluctuating power source (NEDO,
109 million yens for FY 2018-FY 2020）

 Hybrid Electrocatalysts for C2 Production from CO2 and the Appropriate System
(NEDO, 181 million yens (including the budget for the other collaborative
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organizations) for FY 2018-FY 2019) 
 Develop an innovative system to turn CO2 into a valuable resource using

electrochemical reactions (NEDO, Moonshot Research and Development Program; the
budget for this project for FY 2020 and onwards is being adjusted.)

 Development of innovative technology to increase biofuel of microalgae (the budget for
the project for FY 2018-FY 2023 is undisclosed)

4. International collaboration
4-1 International alliance/networking development

RIKEN is not yet involved in such activities.

4-2 International joint R&D activities
Concerning the research activities on hydrogen and CCU by RAP and CSRS, RIKEN has

collaboration with Lawrence Berkeley National Laboratory (US), National University of 
Singapore, Nanyang Technological University (Singapore), Korea Institute for Advancement of 
Technology, Chonnam National University (Korea), Strasbourg University (France) and Dalian 
National Laboratory for Clean Energy (China). 

5. Future perspectives (beyond 2030)
To address global issues, including SDGs, not only science and technology but also

collaboration among all governments, private sectors, and societies is important. Especially 
when implementing large-scale clean energy projects, we must unify element technologies, 
including conversion, transportation and storage, into one system, and collaboration with a 
variety of sectors is essential for this unification. We will endeavor to engage in collaborative 
research with other sectors to create problem-solving models as we continue to drive innovation 
in the development of technology that can produce game-changing outcomes.   
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Yuko Harayama, Ph.D. 
Executive Director, RIKEN 
Professor Emeritus of Tohoku University 

Yuko Harayama is an Executive Director at RIKEN charged of international affairs, promotion 
of young researchers and diversity. Prior to joining RIKEN, she spent five years at the Cabinet 
Office of Japan, as an Executive Member of the Council for Science, Technology and 
Innovation (CSTI), two years at the OECD as the Deputy Director of the Directorate for Science, 
Technology and Industry (STI), and ten years at the Graduate School of Engineering of Tohoku 
University as a professor of Science and Technology Policy. Her experience prior to Tohoku 
University includes being a Fellow at the Research Institute of Economy, Trade and Industry 
(RIETI) in Japan and an Assistant Professor in the Department of Political Economy at the 
University of Geneva. Ms. Harayama holds a Ph.D. in Education Sciences and a Ph.D. in 
Economics both from the University of Geneva. She has received Chevalier de la Légion 
d'honneur in 2011 and was awarded honorary doctorate from the University of Neuchâtel in 
2014. 
. 

As of July 2020 
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Clean Energy Research in Cinvestav 

Jose Mustre 
Centro de Investigación y de Estudios Avanzados (Cinvestav), Mexico 

1. Introduction
Until the end of the last century the economy of Mexico was heavily dependent on the

export of oil and the local demand of energy was based on fossil sources. This was the result of 
the presence of important oil reserves that resulted in the country being a top world producer of 
oil. However, the integration of the country to the regional production chains of North America, 
due to the North America Free Trade Agreement in the mid 1990’s changed the nature of the 
economic activity with a smaller need of fossil energy resources. Also, the use of fossil sources 
resulted in severe air pollution problems, overall in the largest cities in the country. 
Consequently, in the first decade of the century Mexico increased in a substantial manner the 
use of renewable energy achieving almost 23% of generation of electricity in 2018. This had 
been possible, to a large extent, due to the geographical situation of the country with large 
amounts of insolation, wind and hydrological resources leading to low prices of electricity 
generation using renewable sources. In a consistent manner, Mexico signed several agreements 
like the Kyoto protocol (1997), the Doha amendment (2012) and the Paris agreement (2018). 
Consequently, the outlook in the mid and long term was that renewable sources would become 
the dominant part of the energy supply of the country. However, starting in 2019 there was a 
change of strategy of the Mexican Federal Government. It revitalized the use of fossil sources, 
based on the perception of the dependence of gasoline supply on importation of this resource 
and the emphasis of the government in reactivating in the economy of regions of the country 
dependent on oil production. With this development, R&D activities in renewable energies are 
no longer done by organizations within the Ministry of Energy and are now carried by 
Universities and Research Centers with more general missions. It is important to note, however, 
that this policy might be modified in the near future as the oil and gasoline production of the 
country have decreased by almost 35% during 2020.  

2. R&D activities related to clean energy technology

Cinvestav is the largest research center in Mexico, operating in a similar way as a research
university, with a fundamental mandate of generating the scientific manpower of the country. 
It is part of the Ministry of Education structure. Consequently, all research programs, including 
those related to renewable energies have associated masters and doctoral programs in these 
areas. 

Out of the ten campuses of Cinvestav in the country, four of them (Mexico City and 
Queretaro in Central Mexico, Saltillo in Northern Mexico and Mérida in Southern México) 
actively work on basic science and technologies, related to storage, use and conservation of 
clean energies. The main research themes are materials and devices related to more efficient 
utilization of ocean energy, solar power generation and production, and utilization of hydrogen 
energy carriers. The campus in Saltillo offers specific Masters and Doctoral degrees in Clean 
Energies, while in the other cases the research in these areas is conducted in the departments of 
Physics and Chemistry in Mexico City, Materials Science in Queretaro and Applied Physics in 
Mérida.  Currently there are 40 research groups in this area, comprised of the same number of 
faculty, 10 posdoctoral researchers, 30 technicians and 80 graduate students. 

(13) Mexico: Center for Research and Advanced Studies of
the National Polytechnic Institute (CINVESTAV) 
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Cinvestav main campus in Mexico City, where some of the research in solar and fuel cells is conducted 

3. Specific research activities in ocean energy, hydrogen and solar cells

Our group in Cinvestav-Saltillo is developing superhydrophobic ceramic coatings for
corrosion and biofouling protection of wave and current energy devices, as well as ceramic
matrix composites for the fabrication of components for current turbine systems.
Furthermore, work is underway on the production of graphene oxide membranes for the
cogeneration of water and electricity using a salinity gradient device. This group is part of
a larger consortium in Mexico regarding Ocean Energy, the Mexican Centre for Innovation
in Ocean Energy (CEMIE-Océano), financed by the Ministry of Energy and the National
Council of Science of Technology until March 2021.

Cinvestav-Saltillo in Northern Mexico Site of the Renewable Energies Program 

Hydrogen is a top choice clean energy source as it can provide a continuous energy supply, 
unlike solar cell and eolic generators and it does not generate CO2. Consequently, the 
production of hydrogen in a CO2 free procedure is critical to achieve a process that does 
not have a carbon signature. Our research is focused on producing carbon-free hydrogen 
from renewable energy resources by electrolyzing water using electricity generated with 
other renewable resources. This is conducted in our Applied Physics Department in 
Cinvestav-Mérida (Southern Mexico) our Chemistry Department in Cinvestav-Mexico City. 

Regarding the use of new materials in fuel cells we are working in Cinvestav Saltillo in 
nanocatalysts for electrochemical energy conversion we are conducting studied in two 

167



projects. The first project is the development of novel non-Pt and low-Pt nanocatalysts 
supported on carbon nanotubes with application as anodes and cathodes in Direct Alcohol 
Fuel Cells, in collaboration with the PSG Institute of Advanced Studies, Coimbatore, India. 
The second one is about the development, characterization and evaluation of alcohol-
tolerant electrocatalysts supported on carbon nanotubes for Direct Alcohol Fuel Cell 
Applications, in collaboration with Shanghai Jiaotong University, Shanghai, China. 

On the storage side, we have two main areas of interest. In Cinvestav-Saltillo we are 
working on the synthesis and electrochemical studies of cathode materials for lithium 
rechargeable batteries. We are working in collaboration in collaboration with University of 
Texas at Austin, Texas, USA, The Centro Atómico de Bariloche, Bariloche, Argentina, and 
Universidad de Santiago de Chile, Chile. This collaboration is working on Solid oxide fuel 
cells (SOFC), Lithium ion batteries and Photocatalysis. SOFC are electrochemical devices 
based on an oxide ion conducting solid electrolyte which offer high energy efficiency, fuel 
flexibility, low environmental impact and mechanical stability. They can generate electricity 
directly by serving fuel at the anode and air at the cathode side. Due to the issues related to 
the high temperature operation (~ 1000 °C) of conventional SOFCs, our research involves 
the development of solid electrolyte materials and multifunctional electrode materials for 
the fuel and air electrodes which offer fast reaction kinetics for the intermediate-temperature 
solid oxide fuel cells (IT-SOFCs). Solid state battery technology promise to be a safer 
alternative to conventional Li-ion batteries based on flammable liquid electrolyte 
component. Our research involves developing solid electrolytes for Li-ion batteries. Also, 
our Chemistry Department in Cinvestav-Mexico City is working on the development of 
solid-state hydrides as MgH2.  

Finally, in the specific use of fuel cells, the research effort envelopes the process to create 
catalyst nanoparticles, used in fuel cells to power small vehicles, which are built as 
prototypes in Cinvestav-Mexico City. 

Prototype vehiclepropelled by fuel cells built in Cinvestav-Mexico City 

Related programs/projects conducted by Cinvestav  
Electrolysis of water using solar energy. (2017-2020) Development of fuel-cell propelled 
prototype vehicles for use in Mexico City Project (2016-2021) 

Finally, we currently have developments in fourth-generation green solar cells in the Applied-
Physics Department in Cinvestav-Mérida in collaboration with Universidad Marista de Mérida, 
specifically the role of structural defects in increasing efficiencies in Cu2ZnSnS4 and CdS/CdSe 
based cells. Also, in the same department we currently have projects in increasing the efficiency 
of dye-sensitized ZnO and TiO2 cells. With current projects running until 2021. 
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Reactor for production of Cu2ZnSnS4 cells, Thin film cells Cu2ZnSnS4, produced at Universidad Marista de Mérida 
and Cinvestav-Mérida 

4. International collaboration
4-1 International alliance/networking development

Cinvestav has signed five comprehensive and specific MOUs with oversea institutes in the
area of clean energies, in general currently Cinvestav holds more than 200 agreements with 
institutions outside Mexico. These agreements include activities as joint projects, researcher 
exchange, student mobility and dual degree granting. These collaborations are important for 
carrying out and accomplishing research as 83% of the papers published by Cinvestav are done 
in collaboration with another institution. Also, the presentation of different projects to 
international funding agencies requires the partnership with several institutions at the same time. 
Such collaborations among the research institutes in G20 members are important for carrying 
out innovation in clean energy technologies. 

4-2 International joint R&D activities
Although not directly in the field of green energy, Cinvestav has specific joint activities

with the CNRS in France, as we are the site of one of the International Units of Research of 
CNRS outside France. Also, we have direct agreements with the CNR in Italy to support joint 
Italy-Mexico research which is open to joint research groups. 

5. Future perspectives
Although with a recent emphasis on returning to fossil fuel sources, it is very important for

Mexico to increase the share of power generated by renewable energy such as ocean, solar and 
wind as both sources have an unexploited potential due to the geographical and climate situation 
of the country. Also, the sharp decrease in oil production experienced at the end of 2019 and 
more dramatically in 2020 will lead the country to retake the growth of renewable energies to 
comply with the commitments set in the Paris agreement for 2035. Cinvestav is interested in 
creating research groups in CUC technologies, as is one of the areas not currently represented 
at all in Mexico. As a representative Mexican institution we are very much interested in creating 
possible alliances to achieve this goal. We have the advantage of hosting a selected group of 
doctoral students that have help us in the past to consolidate research projects due to the 
possibility of increased mobility. 
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Jose Mustre

2014 Director-General, Cinvestav-Mexico (current)  
2012 Visiting Professor, University Nice-Sophia Antipolis University, 
France  
2004-2007 Deputy Director for Research, Cinvestav-Mexico 
2003 Visiting Scientist, Laboratorio Nacional de Luz Sincrotrón, 
Campinas, Brazil 
2000-2001 Visiting Scientist Los Alamos National Laboratory, USA 
1997 Visiting Scientist, Argonne National Laboratory, USA 
1992- Professor of Physics, Cinvestav-Mexico (current) 
1989-1992 Postdoctoral Fellow, Los Alamos National Laboratory, USA 

Research Biography 
1989 to date 100 research publications with over 5000 citations. 
2016- Quaternary semiconductors for solar cells 
2010- Atomic structure and water ordering of ions in solution 
1997-2002 –CdTe based solar cells 
2008- Fe-based superconductors 
1997-2002 – II-VI semiconductors for use in solar cells 
1989-2017- High temperature Superconductivity in copper-oxides 
1983-1989 Ab initio Methods of X-ray Absorption  

Academic Background 
1989 Ph.D. in Physics, University of Washington, Seattle, USA 
1984 Master of Science, Physics, University of Washington, Seattle, USA 
1982 Master of Science, Cinvestav-Mexico City, Mexico 
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2nd RD20 Oct 9, 2020 

Current Status of Clean Energy Technologies R&D in KIER 

Jong-Nam KIM 
Korea Institute of Energy Research (KIER), Korea 

1. Introduction

The Republic of Korea has established the Renewable Energy 3020 Plan in 2017 and has set
4035 goal last year, which is more challengeable. The 4035 goal means that we would need to 
produce 35% of energy from renewable sources by 2040. In January 2019, the government 
announced Hydrogen Economy Roadmap. According to the roadmap, the government aims to 
reach the production of 6.2 million FCEVs worldwide by 2040, including 2.9 million units for 
the domestic market. Acknowledging the importance of energy efficiency technologies when 
reducing GHG emission, government has set a very challengeable goal in this area as well, such 
as 18.6% reduction of final energy consumption and 38% of improvement in energy intensity by 
2040.  

Last July, President Moon Jae-in announced the Korean New Deal initiative to combat the 
economic setbacks caused by coronavirus and sharply declining exports of Korean manufactured 
goods. According to the announcement, the government would commit approximately USD 133 
billion, into the new deal projects in just five years, including USD 61.2 billion for green new 
deal projects.  

Even with the very challengeable targets and the comprehensive policies in clean energy 
technology, the Republic of Korea still has a high proportion of fossil fuels in its primary energy 
supply, and needs to reduce GHG usage significantly. As the only energy research institute in the 
country, KIER aims to contribute to overcoming the climate crisis and economic growth by 
developing clean energy technologies, which it has done since 1977. In May of this year, KIER 
has set the four strategic R&D goals to lead the hydrogen economy, support national energy 
transition policies and realize a low carbon-hydrogen society. 

(14) Republic of Korea: Korea Institute of Energy Research (KIER)
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2. R&D activities related to clean energy technology

The first strategic goal is to develop innovative renewable technologies to accomplish the
energy transition in Korea. For a successful energy transition in the near future, it is necessary to 
contribute to economic growth in the renewable energy industry by developing high quality and 
high value-added technologies. The development of advanced hydrogen technologies for leading 
the global hydrogen economy is the second strategic goal. Hydrogen is a key pillar for the energy 
policy of Korea, but technological innovation will play an important role to achieve the 
challengeable target. Thus, KIER, during the next six years, will develop innovative hydrogen 
production and storage technologies.  

According to the IEA’s sustainable development scenario in 2019, energy efficiency is the 
most important sector in terms of reducing GHG emission. Thus, KIER has set the third strategic 
goal as developing smart energy technology for a highly efficient and low carbon society.  

Eco-friendly utilization of carbon energy for GHG reduction and clean air is the last strategic 
goal. Fossil fuel is still widely consumed in the energy system of Korea and this will last for at 
least the next 50 years. Thus, KIER will develop clean energy technology such as clean fuel 
production, fine dust reduction and CCUS.  

3. Specific research activities in renewable energies, next generation energy management
system with batteries, hydrogen, CCUS, and related technologies

Renewable energy technology is at the heart of energy transition, a global trend to overcome
the climate crisis faced by mankind. Large-scale penetration of renewable energy makes us 
confront different issues such as lack of installation site, public acceptance and energy 
intermittency. KIER has been conducting important activities focusing on solar and wind energy 
and energy storage to provide technological solutions to energy security and environmental as 
well as the above-mentioned issues. High-efficiency low-cost tandem solar cells, and 
multifunctional (light-weight, flexible, transparent, etc.) thin-film solar cells are the recent main 
research topics in photovoltaics area for various application and high-added value. Innovative 
research on next-generation secondary batteries are also ongoing with expertise for grid-scale 
energy storage system (ESS) and fast-charging electric vehicle (EV). 'Renewable-energy 
resource map & integration platform’, and ‘operation and maintenance technology for offshore 
wind farm’ are also key research fields where KIER tries to contribute to renewable energy 
dissemination through developing the government's policy-based public technologies in 
cooperation with industries and academia.  

Prosumer-type next-generation solar cell technology for urban application (2017-, High-
efficiency (>35%) Si/Perovskite tandem solar cell; Light-weight (>100 W/kg) flexible
CIGS compound thin-film solar cell by 2025)
Plus-energy community platform based on renewable energy for urban power generation
(2020-, 100% energy self-sufficiency rate and 50% self-consumption rate through
operation of a demonstration platform for a plus-energy community)
Forecasting and nowcasting renewable energy variability based on satellite imagery
(2018-, Low-error rate (<10%) integrated system performance model)
Next-generation secondary batteries for fast-charging EV and grid-scale ESS (2020-,
High-energy density (400Wh/kg) all-solid state secondary battery; High-capacity (85
Ah/L) Redox-flow couple material)
Offshore-wind farm optimal design for high efficiency (2020-, LCOE reduction >10%
by low-cost O&M technology)
Cyber physical system technologies to interconnect distributed energy resources for
RE3020 (2019-, distributed resource control achievement rate 95%)
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Hydrogen and fuel cells are also KIER’s main R&D areas over the last few decades. For 
hydrogen production R&D, natural gas reforming, low & high-temperature water electrolysis 
are the sub-areas of KIER involved in the production of high purity hydrogen. Liquid hydrogen 
storage materials using ammonia is also R&D area for hydrogen storage. For fuel cell R&D, the 
sub-areas are developing core materials and building all types of systems such as distributed 
power generation, fuel cell vehicles, IT/portable power and APUs. 

Design of pressurized modular high-purity hydrogen production unit (2017-,
reforming unit: 500kg/day, hydrogen production efficiency (HHV): 80%, purity:
99.999%)
Development of large-scale alkaline water electrolysis cells and stack under dynamic
operation (2019-, H2 production rate: 3 Nm3/h, energy consumption (stack) < 49.25 kg-
H2, H2 production efficiency (HHV) > 80%, dynamic operating range: 5 ~ 150 %)
Development of large-scale reversible-solid oxide electrolysis cell (r-SOEC) system
using wastes-fueled boiler system (2016-, Ministry of Science and ICT, H2 production
rate: 15 Nm3/h, hydrogen production efficiency (HHV) > 95%, operating temperature:
700 °C)
Development of carbon emission-free ammonia synthesis technology (2017-, NH3
synthesis rate: 90 /m2h, Faradaic efficiency: 25%, NH3 synthesis: 0.5 kg/day)
Development of low-cost high-performance core materials for building application fuel
cells (2017-, development of core materials for fuel cells (PEMFC & SOFC) MEAs
including hydrocarbon-type electrolyte membrane, core-shell catalyst, electrodes, cell
components and also scale-up processes)

CO2 capture and utilization (CCU) technologies have been in development ever since KIER 
was established. KIER is also engaged in the development of fundamental technology for CCU 
core materials as well as CO2 conversion technology for the production of valuable chemicals 
and fuels from captured CO2. Currently, the development of the highly active and selective 
electrocatalysts and the world’s most efficient electrochemical CO2 conversion system 
(catholyte-free CO2 conversion system) are being conducted for the conversion of CO2 into 
carbon monoxide (syngas), formic acid, and ethylene. 

CCS Overseas Demonstration and Development of Core Technology Project (2017-, 1
ton-CO2/day full chain CCS demonstration (Reboiler heat duty  2.0 GJ/ton-CO2, CO2
recovery  90%))
Development of the Fundamental Technology for CCUS Project (2020-, nnovative CO2

capture sorbent (Regeneration energy  1.5 GJ/ton-CO2) and Low-power catholyte-
free electrochemical conversion, Power usage  3 kWh/kg-CO2))
Development of a moving-bed continuous process for post-combustion CO2 capture
capable of reducing regeneration energy project (2020-, For silica-PEI, to reduce
regeneration energies to approaching 2 GJ/ton of CO2 through pilot-scale testing of
formulations containing additives to enhance the kinetics of CO2 desorption and
dynamic capture capacity, minimize oxidation and moisture co-adsorption. Optimize the
preparation of PIF-derived activated carbon granules or pellets having approximately
0.5 mm diameter with sufficient attrition resistance for process operation for moving bed
operations.)

Each country is trying to develop clean coal technology (CCT) since it has become more 
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important to convert coal into clean energy and higher value-added products with lower 
emissions of environmental pollutants. Coal gasification technology is one of the most important 
platforms for CCT utilization. It provides an opportunity to add value to coal by converting it 
into higher value-added materials (e.g., Hydrogen, electricity, chemicals, and liquid fuel). 

Development of clean fuel and high value-added technology for coal syngas (2017-,
development of integrated chemical material design and operation technology using
synthetic gas produced in gasification process)

4. International collaboration
4-1 International alliance/networking development

KIER has designed a global R&D strategy process to enhance co-beneficial international
R&D projects. The fundamental approach for the process is to build up networks with 
international R&D institutions through collaborative agreements, workshops and personal 
exchanges. The accumulated experiences, information, and lessons learned from these 
collaborations strengthen the strategic relationships between global communities and eventually 
enable KIER to develop the world’s best energy technologies. 

4-2 Joint international R&D activities

According to the global R&D strategy process, KIER has categorized and supported global
R&D projects in three phases. The building networks phase is to hold international conferences 
for exchanging expertise and personnel, thereby laying a foundation for global cooperation. The 
planning phase is the level of preparation prior to the R&D phase, and involves activities such 
as the development of R&D concepts and feasibility studies for projects. The joint R&D phase 
consists of matching fund R&D financed by each entity, and demand oriented R&D where KIER 
supports both entities.  

(Planning phase) 
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Dr. Jong-Nam Kim 

Education
1983 Bachelor of Science in Chemical Engineering, Ajou University 
1985 Master of Science in Chemical Engineering, KAIST1 
1994 Doctorate in Chemical Engineering, KIAST 

Career
2019- President, Korea Institute of Energy Research (KIER) 
2008–2011 Director of Climate Change Research Division, KIER 
2007–2007 Chief of Chemical Process Research Center, KIER 
2003–2006 Chief of Separation Process Research Center, KIER 
1998–2001     Chief of Separation Process Research Team, KIER 

Professional Activities
Head of Branch / Daejeon and Chungcheongnam-do Province, Korean Journal of Chemical
Engineering
President / The Korean Society of Clean Technology
Committee Member / Daejeon Council for Sustainable Development
Subcommittee Chairman, / Gas Technology Standards Committee, Ministry of Trade, Industry
and Energy
Committee Member / National Energy Commission, Ministry of Knowledge Economy

Main Research Papers and Books
‘Desulfurization of Diesel Using Ion-exchanged Zeolites’, etc. (a total of 74 papers)
‘A Study on the Future of Sustainable Energy in Korea; Energy Scenarios in Case of Reducing
the Nuclear Power Generation’, etc. (a total of 3 books)

Awards
2014 Prime Minister Citation (The 6th Chemical Industry Day) 
2013 Chairman of the Board (Korea Research Council for Industrial Science & Technology) 
2010 Award for Distinguished Work in Energy Saving (Ministry of Knowledge Economy) 
2003 Award for Contribution to Science and Technology Development (Office for 
Government Policy Coordination) 

Profile
Dr. Jong-Nam Kim has contributed to climate change mitigation by conducting R&D activities
as a researcher of the Korea Institute of Energy Research (KIER) since 1985. Currently, he is
the President of KIER, and is facilitating the use of all technologies that KIER develops to
eventually achieve carbon neutrality under the entitled “2050 Plan,” a key to a sustainable future.
Since becoming a member of the National Hydrogen Economy Committee in July 2020, he has
been doing his utmost to create a national growth engine with KIER’s technologies.

1 Korea Advanced Institute of Science and Technology 
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Next-Generation Secondary Batteries for Fast-Charging EV and Grid-Scale ESS KIER 1) High-energy density (400Wh/kg) all-solid state
secondary battery by 2025
2) High-capacity (85 Ah/L) Redox-flow couple
material by 2025

1) Jeong-gu Yeo, Ph.D./ KIER
2) Kyoung-hee Shin, Ph.D./ KIER

(Domestic) Teratechnos, Schunk Carbon
Technology, Daeyoung Chaevi, Dpeco,
Misumsystech, Chungnam Nat l Univ., KITECH
(US) Harvard University

Cyber Physical System Technologies to Interconnect Distributed Energy Resources for RE3020 KIER

Distributed Resource Control Achievement Rate
95% Suyong Chae, Ph.D. / KIER

Domestic) Semyung University, Polytechnic
University

Partnership (if any) Related information

Korea KIER EMS with Batteries

Funding resourceCountry Institute Category Related programs
 (with short summary) Target / Goal Outcome Lead person / Organization

2020 - 2021 (R&D span)
Cur ent 

2019 - 2022 (R&D span)

Cur ent 
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 Design of pressurized modular high-purity hydrogen production unit KIER

Reforming unit : 500kg/day
Hydrogen production efficiency (HHV) : 80%
Purity : 99.999%

Wang Lai Yoon, Ph.D. / KIER

Domestic) Korea University, Chungnam
Universtiy, Yunsei Universtiy

Design of large-scale water electrolysis cells and stack under dynamic operation Ministry of Science and ICT

H2 production rate: 3 Nm3/h
energy consumption (stack) < 49.25 kg-H2, H2
production efficiency (HHV) > 80%, dynamic
operating range: 5 ~ 150 %

Chang-hee Kim, Ph.D. / KIER

(Domestic)  Gwangju Institute of Science and
Techonology, Pohang University of Science and
Technology, Dankook University, Korea Institute
of Industrial Technology, Inha University, Sejong
University
(International) University of Notre Dame,
University of Scouth Carolina

 Development of large-scale reversible-solid oxide electrolysis cell (r-SOEC) system using wastes-fueled boiler system Ministry of Science and ICT

H2 production rate: 15 Nm3/h,
hydrogen production efficiency (HHV) > 95%,
operating temperature: 700 °C

Sang-kuk Woo, Ph.D. / KIER

(Domestic) Korea Institute of Machinery and
Materials

Transportation
/Storage

Development of carbon emission-free ammonia synthesis technology KIER NH3 synthesis rate : 90 /m2h
Faradaic efficiency  : 25%
NH3 synthesis : 0.5 kg/day

Hyung-chul Yoon, Ph.D. / KIER

(Domestic) Chungnam National University

Utilization

Development of low-cost high-performance core materials for building application fuel cells KIER
Development of core materials for fuel cells
(PEMFC & SOFC) MEAs including hydrocarbon-
type electrolyte membrane, core-shell catalyst,
electrodes, cell components and also scale-up
processes

Gu-Gon Park, Ph.D. / KIER

Korea KIER

Related informationRelated programs
 (with short summary) Partnership (if any)Country Lead person / OrganizationInstitute Category Target / Goal OutcomeFunding resource

Production

2017- 2020

Current 

2017 - 2022 (R&D span)

Cur ent 

2017 - 2020 (R&D span)
Cur ent 

2019 - 2022 (R&D span)

Cur ent 

2016 - 2023 (R&D span)

Cur ent 
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Korea KIER CCUS

CCS Overseas Demonstration and Development of Core Technology  Project KIER 1 ton-CO2/day full chain CCS Demonstration
(Reboiler heat duty  2.0 GJ/ton-CO2, CO2
recovery 90%)

Dr. Yeoil Yoon / KIER (Domestic) Chungnam National University, Korea
South-East Power Co.
(US) Talen Energy

Korea KIER CCUS

Development of the Fundamental Technology for CCUS Project KIER
Development of future innovative CO2 capture
sorbent (Regeneration energy  1.5 GJ/ton-CO2)
Low-power catholyte-free electrochemical
conversion (Power usage  3 kWh/kg-CO2)

Dr. Young Cheol Park, Dr. Ki-Tae
Park / KIER

Korea KIER CCUS

Development of a Moving-bed Continuous Process for Post-combustion CO2 Capture Capable of Reducing Regeneration
Energy Project

KIER �
approaching 2 GJ/tonne of CO2 through pilot-
scale testing of formulations containing additives
to enhance the kinetics of CO2 desorption and
dynamic capture capacity, minimize oxidation and
moisture co-adsorption.
�
carbon granules or pellets having approximately
0.5 mm diameter with sufficient attrition resistance
for process operation for moving bed operations.

Dr. Young Cheol Park / KIER (UK) University of Nottingham

Related informationPartnership (if any)Country Institute Category Related programs
 (with short summary) Funding resource Lead person / OrganizationTarget / Goal Outcome

2017 - 2021

Current Current 

2020 - 2022

Current 

2020 - 2021

Current 
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Korea KIER Clean Coal
Technology

Development of clean fuel and high value-added technology for coal syngas KIER Development of Integrated Chemical Material
Design and Operation Technology Using
Synthetic Gas Produced in Gasification Process

Target / Goal Outcome Related informationPartnership (if any)Country Institute Category Related programs
 (with short summary) Funding resource

2017 - 2021 (R&D span)

Curren
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“The research and development of promising hydrogen technologies in the MPEI for the 
transition to a hydrogen economy in Russia” 

N.D. Rogalev

National Research University  

“Moscow Power Engineering Institute” 

Today, the development and implementation of hydrogen technologies are one of the key 
areas of the energy and transport sectors modernization of industrialized countries, including 
Germany, Canada, the USA, Japan, the Republic of Korea, and China. The reason for this is the 
possibility of a significant reduction in emissions of harmful substances and greenhouse gases 
from vehicles and power plants. 

The prospects for the formation of two major hydrogen consumption centers in Asia and 
Europe, combined with the availability of unloaded nuclear and hydroelectric power plants, 
create serious prerequisites for the development of technologies for the production and 
transportation of hydrogen in Russia. Therefore the Ministry of Energy has developed and sent to 
the government a roadmap “Development of hydrogen energy in Russia” for 2020-2024 
according to which the goal of Russia is to become a leading producer of hydrogen.  

According to expert assessments of the EnergyNet infrastructure center, the 
implementation of the measures described in the roadmap requires an annual investment of 
$ 2.2-3.9 billion per year. At the same time, the potential benefit will be $ 1.7 to 3.1 billion per 
year. It is expected that the first hydrogen producers will be two large energy companies - 
Gazprom and Rosatom. 

A possible plan for the hydrogen economy development in the Russian Federation is 
proposed by the National Research University "Moscow Power Engineering Institute". Hydrogen 
production and export are considered as the most promising areas. Europe, China, Japan, and 
Korea may be the main delivery destinations. 

Thus, it is possible to use the existing gas pipeline system to export hydrogen fuel to 
European countries and China. Export of ecologically safe fuel to Japan and Korea is possible 
with the establishment of sea transportation of liquid hydrogen. 

Wind power plants in the North of Russia can become sources of energy for hydrogen 
production, and in Northern latitudes it is possible to use the capacities of the Kola nuclear 
power plant and solar power plants in Yakutia, which are characterized by high insolation. In the 
East of the country, there is a significant potential for using the capacity of hydroelectric power 
plants. 

The proposed concept of a “hydrogen city” is based on the presence of the following 
hydrogen consumers: industrial enterprises for oil refining and production of ammonia for 
fertilizers, for thermal power plants located within the city and cars. At the same time, the 
transportation of hydrogen can be carried out both through gas pipelines and by freight transport. 

The energy complex for the production of hydrogen should include an energy source, a 
converter, as well as a storage for hydrogen fuel. The development, creation, and operation of 
such a complex require highly qualified personnel. 

The large-scale task of developing a hydrogen economy in Russia should be solved by 
the joint efforts of industrial enterprises and scientific and educational organizations. An 

(15) Russia: Moscow Power Engineering Institute (MPEI)
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important problem is the creation of an effective system for training highly qualified personnel 
who can conduct advanced research and implement innovative solutions directly in production. 

To meet these challenges, the Institute of Energy Efficiency and Hydrogen Technologies 
was formed at the MPEI in 2019 with an aim of personnel training in the next areas: hydrogen 
production, storage, transportation, and consumption. 

The Institute consists of 5 departments and 3 research units. Bachelors are trained in 5 
educational program specializations and Masters are trained in 7 educational program 
specializations. There are two scientific centers for the investigation of hydrogen technologies. 

The topics of scientific research conducted at the MPEI on the subject of hydrogen 
technologies are primarily related to the development of highly efficient energy complexes for 
the production and consumption of environmentally friendly fuel. In particular, the employees of 
the Department of Chemistry and Electrochemical Power Engineering, together with the 
Kurchatov Institute, are engaged in the development of water-alkaline electrolyzers. New 
polymer diagrams and highly efficient nickel-based composite electrodes were created, which 
allowed achieving energy consumption for hydrogen production at the level of 4.1-4.3 kWh / m3. 

Two departments at once are engaged in research on ways to integrate hydrogen 
production plants into the schemes of thermal and nuclear power plants: the Department of 
Thermal Power Plants and the Department of Innovative Technologies for High-Tech Industries. 
All developments in this area have an integrated, systematic approach. 

Research begins with thermodynamic analysis, the results of which form the 
requirements for power equipment. Then, using the methods of mathematical modeling and 
experimental research, the development of design solutions is carried out. The final stage is to 
assess the cost of new power equipment and the entire power complex. 

The slide shows the developed thermal diagram of the hybrid power unit, the distinctive 
feature of which, in comparison with traditional steam turbine plants, is the presence of hydrogen 
overheating. When the working fluid temperature at the turbine inlet is 840 °C, the net efficiency 
of the unit can reach 45.5%. 

Additional combustion of hydrogen fuel in intermediate combustion chambers leads to an 
increase in the flow rate of the working fluid in the flow path. The problem arises of developing 
ways to increase the capacity of low-pressure turbines. 

By joint efforts of the staff of the Department of Steam and Gas Turbines and the 
Department of Innovative Technologies for High-Tech Industries, the design of a two-tier low-
pressure turbine of increased capacity was developed. The structure of the lower tier contains 5 
stages and the upper one - 3 stages. In this case, the penultimate blade has a forked shape. The 
flow capacity of the low-pressure double-deck turbine is 40% higher compared to a traditional 
low-pressure turbine with a 1200 mm blade. 

In the future, the MPEI plans to increase the volume of research on hydrogen topics. In 
this case, the priority areas will be: 

1. The development of effective and low-cost technology for H2 production.
2. Optimization of H2 transportation methods for various energy consumers (gas

stations, thermal and nuclear power plants, industrial enterprise).
3. Research of hydrogen storage methods.
4. Research and development of thermal and atomic power plants fired on natural gas-

hydrogen mixtures.
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2nd RD20 Oct 9 2020 

Clean Energy Technologies at the CSIR 

Dr Thulani Dlamini 

Council for Scientific and Industrial Research (CSIR), South Africa 

1. Introduction (Times New Roman or Times-Roman 12 pt)

South African primary energy supply is heavily dependent on coal which has made the country 
to be identified as one of the concerning global CO2 emitters. The transportation sector is heavily 
oil dependent with a current introduction of gas-powered alternatives. The CSIR pioneered 
battery research in the 1970’s which was later supplemented by the introduction of the Hydrogen 
South Africa (HySA) 2006 strategy. The South African energy mix evolved to include renewable 
energy, mostly solar and wind. There is a nuclear capability in the country as well. 

The Paris Agreement became a catalyst for the introduction of renewable energy in the South 
African energy mix. The national utility Eskom experienced black outs/ load shedding indicating 
a strained grid and supply challenges. This increased a need for self-generation and energy 
storage opportunities as civilians plus industries aimed for security of supply. 

This abstract will present the CSIR activities along the value chain with emphasis on clean 
energy technologies in the areas of: Hydrogen, Carbon Capture, Utilisation and Storage (CCUS), 
Fuel Cells (FCs), Lithium Ion Batteries (LIBs) and thermal energy storage. 

2. R&D activities related to clean energy technology

CSIR is a premier African Research Institute with an Energy Research Center (CSIR 
Energy Centre) with several research groups covering energy supply and utilization, 
including socio-economic aspects. The clean energy technologies R&D indicated in the abstract 
covers the areas of: hydrogen storage (Metal Organic Frameworks – MOFs and Composite 
Cylinders), CCUS, fuel cells, LIBs and thermal energy storage. The innovation cycles 
moves from materials development to systems assembly and deployment.  

The introduction of renewable energy and storage technologies in South Africa will lead to the 
localisation of technology, creation of manufacturing jobs, as will directly support the objective 
to ensure that the transition to sustainable energy resources is a “Just Energy Transition”.  

(16) Republic of South Africa: Council for Scientific and Industrial Research (CSIR)
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Thermal energy storage 

South African industry has previously developed in a context of low energy prices for coal and 
electricity. This has resulted in a wide range of industrial processes that are inefficient and carbon 
intensive. A technology demonstrator for waste heat recovery and heat storage using zeolite has 
been developed to TRL 4 and tested at lab scale - further testing and piloting at an industrial 
company are to follow.  In an externally funded project on solar thermal process heat for industry, 
a pilot plant is under development at an industrial company. A thermal systems laboratory has 
been designed, and a funding agreement with a government agency has been signed in support 
of the laboratory.  An ice storage system is being considered for the upgrade of the CSIR 
International Conference Centre.  

Green Hydrogen production and conversion 

South Africa possesses excellent Renewable Energy resources, which enables the production of 
green hydrogen through water electrolysis. An analysis has been undertaken to assess South 
Africa’s competitive position to produce and export green hydrogen. Japan has a hydrogen 
import cost target of $3/kg H2. South Africa will be able to generate hydrogen by electrolysis 
using renewable electricity at this cost by approximately 2030, and will be able to chemically 
store it and transport it to Japan at this cost before 2040. Options for transporting the Hydrogen 
include LH2, Liquid Organic Hydrogen Carriers (LOHCs) and Methanol. Options are being 
investigated to enable the increased supply of potable water whilst generating water for 
electrolysis from saline and brackish water. 
The Electro-Chemical Energy Technology Research Group also develops catalysts for hydrogen 
and oxygen evolution reactions (HER/OER) for application in water electrolysis. Bi/Tri 
functional electrocatalysts are synthesized in order to improve stability and to lower 
overpotentials of the HER and OER. The catalysts are developed together with industry in order 
to accelerate the commercialization of electrolyzers.   

The Green Hydrogen production research is very complementary to the Carbon Dioxide 
Utilisation research discussed below. 

Hydrogen Storage 

Over the last 7 years, the CSIR has been involved in the development of high-pressure composite 
cylinders (Type IV) with the eventual goal of incorporating porous materials to derive conditions 
for lightweight hydrogen storage systems.  

Upgrading of raw biogas to produce biomethane 

Upgrading of raw biogas to pure or more concentrated methane (biomethane) is known to 
increase the biogas calorific value and thus expands its use to other high-value applications such 
as transport fuel, in high efficiency gas turbines, among others. One of the strategies for lowering 
the cost of a pressure Swing Adsorption (PSA) technology is through the development and 
utilization of low-cost and high efficiency sorbents. It is on this basis that the CSIR is developing 
low-cost sorbent materials through the application of a holistic strategy that utilises acid mine 
drainage, coal combustion by-products and waste polyethylene terephthalate (PET) bottles as 

3. Specific research activities in renewable energies, next generation energy management
system with batteries, hydrogen, CCUS, and related technologies
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feedstock. Furthermore, this study lays foundation for development of customized/stand-alone 
containerized PSA unit customizable for small-scale biogas producers. The recovered carbon 
dioxide will be utilized in the production of clean synthetic fuels and chemicals. 

Carbon dioxide utilization 

Catalytic hydrogenation of carbon dioxide (CO2) to produce chemicals presents a highly 
desirable means for recycling CO2 and thus combating the rising CO2 emissions.  In this case, 
the CSIR is involved in studies that are aimed at utilizing hydrogen (H2) that is produced from 
Renewable Energy (RE) sources such as solar photovoltaics (PV), wind energy, tidal energy, 
among others. In particular, the utilization of this ‘green’ hydrogen together with the captured 
CO2 in the production of the production of methanol (MeOH) and dimethyl ether (DME) presents 
an attractive pathway for renewable energy utilization in both power generation and in chemical 
industries since they can be used as feedstocks for other value-added chemical products. 
Furthermore, methanol is an attractive route for the storage and transportation of hydrogen. 
Complementary to the methanol-based CO2 utilization process, there are ongoing studies focused 
on the development and/or fine-tuning of catalysts in order to derive enhanced CO2/H2 
conversion efficiencies as well as deal with the existing catalysts deficiencies.  

The electrochemical reduction of carbon dioxide (CO2) offers an alternative route to convert CO2 
and hydrogen to useful liquid fuels such as methanol. These sources of energy can be used in a 
fuel cell to produce electricity. The catalysts used are obtained via green synthetic methods such 
as using pomegranate peels as reducing agents. 

The CSIR is in the process of developing a dedicated CO2 conversion platform. The focus will 
span the development of CO2 capture technologies and the conversion of CO2 to fuels and 
chemicals, as well as integration with other ongoing work that focuses on direct and biological 
CO2 use. 

Batteries and super capacitors 

The South Africa’s energy storage minerals abundance influenced the CSIR to participate in the 
national program of Energy Storage Research Development Innovation Plan (ES RDI). 

South Africa has 80% of global manganese reserves and this is a huge contributor to the energy 
storage with conversion technologies such as Batteries, Supercapacitors and Fuel cells. The 
CSIR focus is on the development of Manganese-rich/Nickel-rich cathode materials for 
stimulating the battery manufacturing industries in South Africa and Africa to support the 
renewable energy, transport and portable sectors. Another focus is on developing supercapacitors 
for flexible and wearable electronics. The activities are aimed at addressing the cost-performance 
ratio and environmental friendly materials.   

Africa and in particular South Africa has no manufacturing activities despite their dominance of 
the energy storage minerals they possess in abundance. The identified risks are that of security 
of supply due to known and unknown factors. 

Fuel cells 
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Fuel cell activities are focused on developing ultra-low Platinum Group Metals (PGM) and non-
PGM based catalysts for the alcohol oxidation and oxygen reduction reactions to support the fuel 
cell manufacturing and chemical industries 

4. International collaboration
4-1 International alliance/networking development

International activities at your institute, including comprehensive MOUs, joint projects, 
researcher exchanges, joint workshops and seminars, etc.  

The CSIR has agreements at institutional and research group levels. South Africa is a BRICS 
member with benefits from bilateral funded agreements with other larger projects. 

4-2 International joint R&D activities
International joint research programs for innovation in clean energy technologies at your institute.

CSIR with the financial support of the National Research Foundation (NRF) and the DSI 
continues to establish bilateral collaborations. The South African research landscape is moving 
from applied research to deployment of energy storage solutions, which are to be done with 
collaborators: 

 DFID 

 SA-China 

 SA-France 

 SA-Poland 

 HySA International Partnership for Hydrogen and Fuel Cells in the Economy (IPHE) 
Regulations, Codes, Standards and Safety Working Group (RCSSWG). 

 South Africa- South Korea: Developing energy materials for hydrolysis and fuel cell 
systems through multiscale modeling coupled with experimental approaches. 

South Africa is continuously developing hydrolysis and fuel cell technologies to create value-
added industries based on abundant precious metal resources. South Korea is possible to open 
brand new avenues for innovation in efficiently solving national challenges through advanced 
quantum mechanics and molecular dynamics simulation developed the force field in own system, 
Based on these research, it is expected to contribute to expanding the renewable energy market 
in both countries. 

5. Future perspectives (beyond 2030)

Future challenges in clean energy technologies, expected international collaborative framework 
at your institute. 

The South African energy mix with its coal based generation challenges has seen the increased 
uptake of wind and solar. The intermittency of the renewables necessitates the uptake of energy 
storage solutions. The clean energy technologies developed are geared towards all the sectors 
such as power tools, stationary and transportation applications. Our R&D aims are for cost 
reduction, materials security of supply through recycling; create a manufacturing industry for 
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job creation. 

South Africa has an excellent local renewable energy resource (solar and wind) as positions the 
country as a potential international supplier of green hydrogen and related PtX products. The 
CSIR sees substantial opportunity for collaboration in the future hydrogen production, storage, 
transportation and utilisation markets and related technology development. 

(Please attach the CV of participant (with photo)) 
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South Africa CSIR Utilization

Development of electrocatalysts, membranes and membrane electrode assemblies for fuel cells and electrolyzers Production of lower cost materials solutions Dr Mmalewane Modibedi/ Dr Mkhulu
Mathe, CSIR

Domestic) Universities of Johannesburg and
Western Cape

International  University of Georgia, KIER
(South Korea)
(Desired collaboration)  Tokuyama for the
anion exchange membrane development

https://www.hysainfrastructure.org/
https://www.csir.co.za/smart-places

Partnership (if any) Related informationCountry Institute Category Related programs
 (with short summary) Target / Goal Outcome Lead person / Organization

2006 - 2024 (R&D span)

Current 
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South Africa CSIR mal Energy Rese

Development of thermal research laboratory, strategy and technology demonstrators Thermal systems laboratory, whereby targeted
R&D will be used to develop novel waste heat
recovery, power-to-heat, solar thermal and
thermal energy storage solutions in order to
support the optimisation of thermal energy end-
use in industry.

Dr Peter Klein, CSIR SANEDI https://www.csir.co.za/smart-places

Related informationPartnership (if any)Country Institute Category Related programs
 (with short summary) Target / Goal Outcome Lead person / Organization

Current 

2018 - 2024 (R&D span)

Current 
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Turkey’s Energy Profile and R&D Activities at 
TÜBİTAK Marmara Research Center 

Asc. Prof. Dr. Murat MAKARACI  
Vice President of TÜBİTAK Marmara Research Center 

1. Introduction
Turkey is geographically located between energy producing countries of its region with

more than 75% of the world’s proven oil and gas reserves and the well-developed European 
energy consumer markets. This privileged natural position provides Turkey with both 
opportunities and responsibilities in terms of energy security.  

Turkey’s demand for energy has been increasing due to economic and population growth. 
Turkey’s installed capacity has exceeded 93 GW (August 2020), which represents a threefold 
increase in 15 years. Having said that, Turkey is heavily dependent on energy import. So Turkey, 
not only to overcome energy-dependency, but also to meet environmental concerns for 
sustainable development, sets the following goals in its energy policy; 

1) Diversification of supply routes and sources for imported oil and natural gas
2) Increasing the ratio of local and renewable energy in our energy mix
3) Increasing energy efficiency
4) Adding nuclear to our energy mix.
Turkey has a substantial amount of renewable energy potential, and the utilization of this

potential has been increasing over the last decade. Renewables account for the half of the total 
installed capacity while hydro-power is the leading renewable source with 32% share (August 
2020), followed by wind (8.6%) and solar (6.8%) power.  

Turkey, as being a founding member of the International Renewable Energy Agency 
(IRENA), has made it a priority to increase the share of renewable sources further in the 
country’s total installed power. This will run in parallel to the government’s commitment to 
energy efficiency, whereby it is enacting laws that set principles for saving energy, at both 
individual and corporate levels, as well as providing incentives to energy efficiency investments. 
Moreover, Turkey’s Development Plan (2019-2023) not only set strategies for biomass and 
waste utilization but also includes the support for R&D projects on clean coal technologies. 

R&D activities of Turkey on energy is being performed by dedicated research groups of 
several public/private universities and institutes while Energy Institute (EI) of TÜBİTAK 
Marmara Research Center is a leading entity in the development of “applied energy 
technologies” with its large infrastructure and human potential. EI develops know-how into 
practical applications of advanced and innovative energy and transportation technologies. It 
forms a bridge between fundamental research and industrial applications.  

EI cooperates with national and international institutions on science and technology projects, 
constantly develops its infrastructure and capabilities since 1980s. 

2. R&D activities related to clean energy technology
Energy Institute’s research activities includes areas such as Clean Coal and Biomass

Technologies, Fuel Cell and Energy Storage Technologies and Power Systems and Renewable 
Energy Technologies. Among these activities, Clean Coal and Biomass, Fuel Cell and 
Renewable Energy (solar &hydro) are the ones especially contributes to the development of 
clean energy technology in Turkey. Project activities under these areas are funded by national 
and international sources. 

In Materials Institute we are enrolling the industry by applied and pilot scale research on 

(17) Turkey: TUBITAK Marmara Research Center (MAM)
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photovoltaic solar energy through national goals. For that, the institute utilizes distinctive 
deposition systems and equipments for the fabrication, development and characterization of 
crystalline and thin film silicon photovoltaics and TCO coatings, pilot scale photovoltaic 
module development line, small scale back contacted module development line. Large electrical 
and meteorological data logged from outdoor test bed enables us for the development of 
whether forecast models in different time base in performance estimation of a photovoltaic 
installation. We are also involved in economic feasibility, design, installation and performance 
optimization of a solar power plant where we conduct projects on solar power stations, BIPV 
and floating photovoltaic applications. 

One of the other Institute of MRC is “Environment and Cleaner Production Institute 
(ECPI)”. ECPI has taken over the responsibility of being the National Cleaner Production 
Centre for Turkey. To this end, training and coordination programs are planned to organize for 
individual and institutional capacity development of those serving industrial sectors, and to 
prepare and disseminate sectorial best available technologies and references for stakeholder 
introduction to current cleaner production technologies. ECPI also coordinate the network of 
expert institutions and external experts for risk assessment, life cycle assessment, eco-design 
and energy efficiency. 

One of the laboratory of ECPI is Energy Efficiency Measurement. There is an infrastructure in 
place for measuring energy efficiency, one of the most important components of cleaner 
production audits. In this scope, the institute measures combustion efficiency, point temperature, 
and flows. It determines flue gas emissions, thermal losses, electrical energy consumption, 
thermal imaging. Energy and cleaner production audits are still being carried out by ECPI FOR 
Trakya Development Agency in private sector companies. 
For details: http://www.temizuretimmerkezi.org/eng/active-audits 

3. Specific research activities in renewable energies, next generation energy management
system with batteries, hydrogen, CCUS, and related technologies
Our research teams on biomass and coal conversion technologies carry out lab and pilot

studies on the development of coal gasification, pyrolysis, syngas cleaning, coal to liquid, bio-
hydrogen etc. technologies. One of the flagship projects, in this sense, is TRİJEN, which aims 
to produce more efficient and clean liquid fuels from coal and biomass. The pilot scale liquid 
fuel production plant has been successfully established in Soma and another related project of 
pre-design of commercial plant has been started. Another significant project, Tunçbilek 
Methanol production, includes the study of entrained flow coal gasification and synthesis of 
methanol. In another project namely Hydrogen Production via Gasification of Biomass, the aim 
is to develop a process at pilot scale for hydrogen production through gasification of biomass 
as a renewable energy source. 

Within the scope of “Advanced Coal Conversion Technologies Excellence Center” project, 
a research center will be established in the field of coal-to-SNG conversion technologies. 

The Institute started CCUS activities in 2010 within the scope of the "Liquid Fuel Production 
from Biomass and Coal Mixtures - TRIGEN" Project for “Turkish Coal Enterprises”.  Initially, 
a laboratory-sized CO2 capture system designed, tested and optimized. This design successfully 
was scaled-up and installed successfully as a pilot system. The pilot CO2 capture system is still 
actively working as a part of TRIGEN project demonstration system. Additionally, another pilot 
scale CO2 capture system was designed for “Turkish Coal Enterprises” "Tunçbilek Methanol 
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Production" project. For simultaneous carbon dioxide and H2S removal lab-scale test unit was 
designed and constructed in terms of "Advanced Coal Conversion Technologies Excellence 
Center” project.  Not only the capture but also utilization of CO2 are aimed and studied 
currently in the institute. Our main intention is developing and improving catalysts/electro 
catalysts and catalytic/electro catalytic processes utilizing renewable energy sources for the 
CO2 utilization. The institute is interested in conversion of CO2 to carbon monoxide, methanol, 
methane, liquid fuels and organic acids via chemical and electrochemical routes. The institute 
also interested in mineral processes for CO2 utilization. 

In terms of oxy-combustion studies, 30 kWth atmospheric CFB oxy combustion with flue 
gas recycle and 30 kWth pressurized BFB oxy combustion systems were designed, constructed 
and operated successfully.   

We also develop clean coal combustion technologies. In this respect, within MILTES 
Project, a 22 MWe environmentally-friendly thermal power plant was designed based on CFBC 
technology. On the other hand, MILKAS Project aimed to develop a flue gas desulphurization 
system for thermal power plants, where the design was completed. A waste heat utilization 
Project (TSAD) investigated the methods to benefit from thermal power plant surplus heats and 
district heating.  

In the framework of fuel cell technologies; hydrogen production from sodium borohydride 
and natural gas are being conducted in addition to development of fuel cell stack and system 
sub-components, fuel cell system integration, power conditioning 

In the framework of fuel cell technologies; studies on hydrogen production from sodium 
borohydride and natural gas are being performed. Moreover, fuel cell stacks and system sub-
components are developed including fuel cell system integration, power conditioning and 
control, fuel cell component and stack tests, stationary and portable applications and 
transportation and intelligence applications. Sodium Borohydride Vehicle and Fuel Cell Based 
Micro-cogeneration System are among the successful projects. 

At the renewable energy side, Solar Power and Hydroelectric Power Plants are main 
research areas. The institute has an expertise on photovoltaic inverter development and 
command & control systems for photovoltaic solar power plants. Energy Institute is taking part 
in the Development of Photovoltaic Solar Power Plant Technologies (MİLGES) Project which 
aims design/manufacturing and installation of photovoltaic power plant equipment with 80% 
local technology (for solar cells with 18% efficiency, solar panels, solar central inverters with 
1 MVA capacity, a plant automation system, a solar power plant with 10MW capacity) in order 
to meet national needs. 

As for hydropower research, the focus is on control, protection, excitation and 
synchronization systems as well as speed regulator and generator designs. With the National 
Design and Manufacturing of Hydroelectric Power Plant Components (MİLHES) Project, the 
Institute has worked on the design/manufacture and installation of newly developed products 
(vertical francis turbine, 11 MVA synchronous generator, speed governor, excitation system, 
power plant automation and prot. system, auxilliary systems) utilizing national engineering and 
material resources. The manufactured items are successfully installed and commissioned at 
Kepez-1 HEPP.  

The institute also works on wind power monitoring and forecasting systems. 

Some of the related projects conducted by Energy Institute: 
• Hydroelectric Power Plant Rehabilitation Projects (nearly 10 hydro-power plants)

(2012-2024)
• Fuel Cell Based Micro-Cogeneration System / Site Application (2 KWe) (2016-2022)
• Advanced Coal Conversion Technologies Excellence Center (2016-2021)
• TUBITAK 1007 Program -National Design and Manufacturing of Hydroelectric Power
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Plant Components (2015-2021) 
• TUBITAK 1003 Program - Hydrogen Production (via Gasification) from Biomass

(2017-2020)
• TUBITAK 1007 Program -Development of Photovoltaic Solar Power Plant

Technologies (2015-2020)
• Methanol Production in Tunçbilek (2013-2020)
• TUBITAK 1007 Program -Liquid Fuel Production from Coal and Biomass Blends

(TRİJEN) (2009-2020)
• Development of a National Flue Gas Desulphurization System for Thermal Power

Plants (MİLKAS) (2014-2018)
• Development of a Monitoring and Forecasting System for Wind Power in Turkey

(2012-2018)
• Development and Localization of Thermal Power Plant Technologies (MİLTES) (2013-

2017)
• Sodium Borohydride Fuel Cell Based Range Extender for  Electric Vehicles (2014-

2016)
• Research and Development of Methods to Benefit from Thermal Power Plant Surplus

Heats and District Heating (TSAD) (2006-2013)
• Sodium Borohydride Fuel Cell Vehicle (2009-2012)
• Fuel Cell Based Micro-Cogeneration System (5 KWe/30 KWth) (2006-2010)

4. International collaboration
4-1 International alliance/networking development

Under the coordination of TUBITAK Presidency, there are many bilateral cooperation
agreements signed with various countries at intergovernmental or inter-institutional level in the 
field of science and technology. Within the framework of these agreements, joint research 
projects are supported and monitored and financial support is provided for joint scientific 
meetings, expert exchanges, study visits and similar activities. The programs are two types: 
permanent applications and calls for projects. Many of these programs support project proposals 
on clean energy research and development studies. Energy Institute conducted several projects 
within the framework of these programs. 

International collaboration is performed through multilateral research programs, the most 
significant of which is EU programs. Energy Institute has performed several co-studies within 
FP6-7 and HORIZON2020 calls.    

Energy Institute extends its collaboration network to non-EU countries as well. Within the 
scope of a recent HORIZON2020 call on bio-energy, Energy Institute and several EU countries 
formed a consortium along with Japan (National Institute of Advanced Industrial Science and 
Technology – AIST) and India (Indian Institute of Technology - IIT) and submitted a proposal. 

There are also MoUs signed between TUBITAK Marmara Research Center and research 
centers abroad which is reflected as partnership in especially clean coal projects of Energy 
Institute. Additionally, a partnership with King Abdulaziz City for Science and Technology 
(KACST)-Saudi Arabia is established in the fields of Solar Inverter Systems and Power Quality 
Analyzers. 

On the other hand Energy Institute is officially a member of below international 
organizations: 

• EERA  AIBSL- European Energy Research Alliance
o EERA Bioenergy
o EERA Smart Grids
o EERA Wind Energy
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o EERA Hydrogen & Fuel Cell
• IEA-International Energy Agency

o IEA HEV-ExCo & Annex 1: Hybrid and Electric Vehicle Technologies and
Programmes Executive Committee and Annex I Information Exchange

• N.ERGHY -Fuel Cell and Hydrogen Joint Technology Initiative (FCH JTI)
• EUREC- The Assosiation of European Renewable Energy Research Centers

4-2 International joint R&D activities
Joint R&D activities of Energy Institute are mostly within EU Framework programme or

bilateral cooperation programmes coordinated by TUBITAK Presidency. 

The followings are International joint research projects with institutes taking part in RD20. 
• 2534 BMBF /Germany – TÜBİTAK / Turkey Collaboration Project -2+2 Joint

Research Programme Project: “1 kWe fuel processing system integrated with an
advanced high temperature fuel cell stack for UPS application”

• (H2020) - 5TOI_4EWAS Quintuple Helix Approach to Targeted Open Innovation In
Energy, Water, Agriculture in the South Mediterranean Neighborhood  (2016 – 2019 )

• (H2020) - BIOMASUD PLUS Developing the Sustainable Market of Residential and
Commercial Mediterranean Solid Biofuels) (2016-2018)

• (7th FP) - CITyFiED-RepliCable and InnovaTive Future Efficient Districts and cities
(2014-2019)

• (7th FP) - IRPWind- Integrated Research Programme on Wind Energy (2014-2018)
• (7th FP) - ELECTRA - European Liaison on Electricity Committed Towards long-term

Research Activities for Smart Grids
• (7th FP) - ETRERA 2020 Empowering Trans-Mediterranean Renewable Energy

Research Alliance for Europe 2020 Challenges (2013-2016)
• (6th FP) - MCFC-CONTEX Effects of CONTaminants in biogenous fuels on MCFC

catalyst and stack compo-nent degradation and lifetime and EXtraction strategies
(2010-2014)

• (6th FP) - TYGRE High Added Value Materials From Waste Tyre Gasificatıon Residues
(2009-2013)

• (6th FP) - E2PHEST2US -Enhanced Energy Production of Heat And Electricity By a
Combined Solar Thermionic-Thermoelectric Unit System

• (6th FP) - MC-WAP Molten-Carbonate Fuel Cells For Water Borne Applications (2006-
2011)

• (6th FP) - TERMISOL New Low Emissivity  and Long-lasting Paints for Cost
Effective Solar Collectors (2006-2010)

• (6th FP) - EU-DEEP The Birth of A European Distributed Energy Partnership That Will
Help The Large-Scale Implementation of Distributed Energy Resources in Europe
(2003-2009)

• (6th FP) - NATURAL-HY Preparing for the hydrogen economy by using the existing
natural gas system as a catalyst (2004-2009)

• (6th FP) - CASES (6th FP) Cost Assessment Sustainable Energy Systems (2006-2008)
• (6th FP) - HYPROSTORE Improving of the S&T Research Capacity of TUBITAK

MRC IE in the Fields of Hydrogen Technologies (2005-2008)
• (6th FP) - BIGPOWER Improving of the S&T Research Capacity of TUBITAK MRC

IE in the Fields of Integrated Biomass Gasification with Power Technologies (2005-
2008)

• (6th FP) - NETBIOCOF (6th FP) Integrated European Network For Biomass Co-Firing
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(2005-2007) 
• H2020 - Assessment of Novel Technology for Phosphorus Removal, Recycling & Re-

use from Domestic Wastewaters (2015-2016)
• (EU) - ZERO BRINE - Re-designing the value and supply chain of water and minerals:

a circular economy approach for the recovery of resources from saline impaired effluent
(brine) generated by process industries (2017-2021)

• (7th FP) Preparatıon of ITO Free Transparent Conductive Electrode via Layer-By-
Layer Deposition of Carbon Nanotubes and Its Application for Solar Cells (2012-2016)

• (7th FP) Cost-Reductıon Through Materıal Optimization And Hıgher Energy Output
Of Solar Photovoltaıc Modules - A Collaboratıon Between Europe's Leadıng Pv R&D
Instıtutes And Unıversıtıes (CHEETAH) (2014-2018)

• 2522 NRDI/ Hungary-TUBITAK/ Turkey Collaboration Project- Development of High
CO-Tolerant Anode Electrocatalysts for Reformate-Fed PEM Fuel Cells

5. Future perspectives (beyond 2030)
Turkey sets its energy policy in a way both to overcome energy-dependency and to diminish
diverse environmental effects in power production. Renewable energy technologies are fully
supported for wider expansion in the country.  Marmara Research Center Energy Institute is
developing strategies and projects to apply above technologies to the benefit of the country.
Integration of hydrogen production technologies with renewable energy is in the future scope
of Energy Institute. Fuel cell technologies will be promoted through out the country as zero-
emmision transportation technology.  Development of clean coal, biomass/waste utilization,
biofuel/biohydrogen production, CO2 conversion technologies along with further dissemination
of renewable plants are planned and seeking funding, collaboration partners.  However, these
technologies are, as well-known, challenged with both low maturity and readiness levels and
cost competition with conventional technologies. That’s why international collaboration is
essential for advancement, cost-competiveness and commercial acceptance of these
technologies.
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Asc.Prof.Dr. Murat MAKARACI 

Dr. Murat Makaracı was born in Zonguldak, Turkey, 1970. He got his BSc degree in Mechanical 
Engineering, Middle East Technical University, Ankara, 1992. For a brief period he was with 
Ministry of  Energy and Natural Resources. He won scholarship to pursue graduate degrees in 
USA. He received his MSc degree in Mechanical Engineering on the title of Vehicle-Barrier 
Interactions In Crash Tests from Pennsylvania State University, USA, 1995. He got PhD degree 
in Mechanical Engineering from Mechanical, Aeronautical & Nuclear Engineering Department, 
Rensselaer Polytechnic Institute, NY, 2001. In the mean time he worked in Teaching Assistant 
and Researh Assistant positions During doctoral studies he implemented finite Element, 
implicit backward Euler time integration of the Viscoplasticity Theory for high homologous 
temperatures. Simultaneously, he also worked for General Electric Corporate Research and 
Development (CRD) projects for increasing gas turbine performances and testing and analysis. 
He has been a faculty member for Kocaeli University, Mechanical Engineering Department, 
Kocaeli, Turkey since 1993.  He served as Deputy Director of Graduate School of Natural 
Sciences (2006).He was cofounder of graduate programs for Automotive Engineering, 
Mechantronics Engineering and Biomedical Engineering. He was a pioneering consultant to 
University Rector for Technology Transfer Mechanism 2007-2008.  He was appointed as a 
member to newly established Technology Transfer Committee of Higher Education Council of 
Turkey. He has been serving as Vice President for Marmara Research Center (MRC) of 
TUBITAK (Scientific and Technological Research Council of Turkey) since 2014. He is 
responsible for Strategy and Technology Development; Business Development and 
Industrialization and Corporate Development. During his stay, he founded Patent Support Unit 
and Technology Development Units. He has been serving as head of Commercialization and 
Licensing Committee. He was a part of commercialization of new Technologies of over 40 
products to 25 companies. Under his leadership, TUBITAK MRC began to serve Tests and 
Analysis now for 44 countries in 5 continents. He is a member of national and international 
Professional associations and serve as a referee for several journals and projetcs. He taught 
course in International Hoca Ahmed Yesevi Turkish-Kazhakistan University. He represents 
TUBITAK MRC in WAITRO (World Assosciation of Industrial, Technological and Research 
Organization) and COMSATS (Commission on Science and Technology for Sustainable 
Development in the South) and International Atomic Energy Agency (IAEA). He took part in 
design and manufacturing of first domestic National Wind Turbine project. He has been actively 
supporting research in Molten Salt Reactor amongst 4th Generation Nuclear Power Plants. 
Beside his educational and professional duties, he assumed presidency for Critical and 
Analytical Thinking (CAT) Platform and hosted 2 International CAT Symposiums in Turkey. 
He is married with two children. 
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NREL: Transforming Energy Through Innovation 

Martin Keller. Ph.D. 

Director, U. S. Department of Energy, National Renewable Energy Laboratory (NREL) 

1. Introduction

At the United State Department of Energy’s (DOE) National Renewable Energy Laboratory, 

advanced scientific research drives innovation. NREL’s mission is to advance the science and 

engineering of energy efficiency, sustainable transportation, and renewable power 

technologies and provide the knowledge to integrate and optimize energy systems. Our 

approximately 2900 researchers and staff are transforming energy by developing cutting-edge 

renewable power, sustainable transportation, energy efficiency, and energy systems 

integration technologies. 

2. R&D activities related to clean energy technology

Three critical objectives—Integrated Energy Pathways, Electrons to Molecules, and Circular 

Economy for Energy Materials—drive most of NREL’s research. Our Integrated Energy 

Pathways research is developing foundational knowledge and technologies to optimize the 

integration of renewables, buildings, energy storage, and transportation, modernizing our 

energy systems, and ensuring a secure and resilient grid. The Electrons to Molecules research 

underway at NREL is focused on the conversion of electricity and small waste gasses (e.g., 

CO2, H2O, N2) into chemical bonds for the purposes of chemical, material, or fuel synthesis 

and/or energy storage. NREL scientists engaged in Circular Economy for Energy Materials 

research are establishing the foundational knowledge/technology for design, recycle, reuse, 

remanufacture, and reliability for energy-relevant materials and processes. 

3. Specific research activities in next generation energy management systems with

batteries, renewable energy, hydrogen, CCUS, and related technologies

At NREL’s state-of-the-art Energy Systems Integration Facility, areas of energy management 

research underway include:  

• Renewable electricity to grid integration

• Vehicle-to-grid integration

• Renewable fuels-to-grid integration

• Energy-water nexus

• High-performance computing, analytics, and visualization

• Large-scale numerical simulation

• Cybersecurity and resilience

• Smart home and building systems

• Microgrids

• Battery and thermal energy storage

For example, because scientists and engineers at NREL recognize that the way the world uses 

electricity is changing, our energy management systems research focuses on developing future 

energy systems that will be fully integrated and more complex, distributed, and interdependent. 

(18) United States of America: National Renewable Energy Laboratory (NREL)
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In addition, NREL researchers are working to design energy management systems that are 

efficient, resilient, and affordable.  

NREL researchers also understand that power electronics-based technologies will be deployed 

in the future more than ever for the management of energy grids. For this reason, NREL 

engineers are conducting autonomous energy systems research on utilizing power electronics 

for electricity generation and storage and for building load management and mobility.  

Three key goals drive most of NREL’s energy storage research: higher energy density, longer 

life, and enabling greater adoption. Our energy storage research includes basic and applied 

research, lifetime and deployment models, grid integration, systems design, and contract 

research with partners in industry.  

Advanced scientific research in renewable power is the lifeblood of NREL. For example, due 

largely to the leadership of NREL, the U.S. solar industry is growing rapidly, and solar energy 

is becoming more affordable and accessible than ever. Areas of solar research at NREL include: 

photovoltaics, concentrating solar power, grid integration, and market analysis. Together, these 

areas will enable reliable, low-cost solar energy at scale—on the grid and beyond the grid. 

The NREL Flatirons Campus is home to some of the largest wind turbines in the world (3 MW). 

Wind energy research at NREL is enabling low-cost and grid-supporting wind energy 

by joining forces with DOE, industry, and interagency and state partners to 

advance scientific knowledge and technological innovation.  

NREL has a broad portfolio of hydrogen production, storage, delivery, and utilization 

research. Our scientists and engineers actively conduct research that contributes to the DOE 

H2@Scale Initiative. This research advances affordable hydrogen production, transport, 

storage, and utilization to increase opportunities in multiple energy sectors—including and 

beyond transportation. 

NREL has decades of experience in polymer electrolyte membrane (PEM) fuel cell science 

and technology including electrocatalysis, membranes, durability, and stack testing. 

Researchers at NREL are now applying these capabilities to the electrolytic production of 

hydrogen from water splitting. 

As previously mentioned, NREL’s Electrons to Molecules research is developing innovative 

science and technology for using electricity and electrochemical processes to convert low-

energy molecules—such as water, carbon dioxide (CO2), and nitrogen (N2)—to higher-value 

molecules. These molecules can be used as fuels, chemicals, material products, or as chemical 

energy storage carriers. 

4. International collaboration

Currently, NREL is engaged in 80 international collaborations in more than 66 countries and 

has over 900 active partnerships with industry, academia, and government. 

201



5. Future perspectives

Looking to the future, NREL recently launched Advanced Research in Integrated Energy 

Systems (ARIES), a unique research platform designed to provide insights into the design and 

operation of future energy systems. ARIES will address fundamental challenges of variability 

in the physical size of new energy technologies being added to energy systems, the control of 

tens of millions of interconnected devices, and the integration of multiple diverse technologies 

that have not previously worked together. 
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4-2. Result of survey on focused areas of research and development 
 
 The RD20 Secretariat surveyed the research and development areas focused by participating institutes. 
This aimed to facilitate initial discussion for promoting international research collaboration. The 
questionnaire shown in Table 1 was sent to the participating institutes during the 2nd RD20. The 
participating institutes were asked to fill a form about technologies of their focus, in both Basic 
research/Demonstration stages, with timelines indicated as past/present/future. Institutes responded 
were as follows: 
 

Argentina INTI, Australia CSIRO, Brazil UFSCar, Canada NRC, China CAS, EU JRC, France CEA, 
France CNRS, Germany Fh-G/ISE, India TERI, Indonesia BPPT, Italy ENEA, Japan AIST, Japan 
RIKEN, Japan NIMS, Mexico CINVESTAV, Korea KIER, Russia MPEI , South Africa CSIR, 
Turkey TUBITAK, and US NREL . (21 institutes in 18 countries) 
 

AIST prepared this report in its capacity as the RD20 secretariat. The perspective expressed in this article 
are the secretariat's own and do not reflect the view of the member institutes of RD20. 

 

Table 1  Questionnaire sent to RD20 participating institutes for focused R&D areas  
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Here, the brief result of the questionnaire is shown below. Table 2 is a summary of the numbers of 
research institutes concerned, and is suitable for finding out detailed results. 
 
Table 2  Numbers of research institutes by achieved/ongoing or planned focused research areas in 

detail, by status – basic research and demonstration (n=21) 

 
 
Results showed that all institutes have already undertaken research on renewable energy and hydrogen, 
and 90% on energy management system. Regarding CCUS, there are 71% of institutes conducting it, 
which is fewer than in other areas. 
 
In order to clarify efforts and willingness for future, "Acheived, ongoing and planned" , "Not yet but 
planned" and “No action” were shown below. Figures 1 summarized basic research and demonstration, 
respectively. Regarding renewable energy, both basic research and demonstration have already been 
launched at a high rate of 86% and 90% respectively.  No institute is a complete newcomer to 
renewable energy research listed here, and it is considered that the technology is quite mature. The 
number of institutes conducting demonstration researches in Renewable Energy is higher than other 
areas. As for EMS, it was shown that there was slightly more focus on demonstrations rather than basic 
research. Hydrogen research is the most conducted/planned basic research, accounting for 96%. 
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Hydrogen is the most popular of the research areas planned for basic research in future.  Although 71% 
of institutes have started basic research on CCUS, only 38% on demonstration stage. However, it is 
expected to increase in future as 14% of institutes are newly planning CCUS research. 
 

  
Figure1  Ratios of research institutes of achieved/ongoing and planned for focused research areas 

(left:basic research, right:demonstration) 
 
Figure 2 and 3 show the details. Among renewables, PV (cell) has been the most researched theme in 
basic research, followed by biomass. In demonstration research, PV (module) and biomass are the 
largest, but the research institutes that have worked/plan to work on either PV cells or modules 
account for 72%, which is much higher than biomass. It shows PV is a research subject that has 
received a lot of stable attention. Wind power is a research theme that has been one of most 
implemented renewable energy technologies for a quite long time together with PV, but here, 
demonstration research accounted for 34%, even including institutes newly planninng it. Although 
small hydro is low in both basic and demonstration research, 10% of institutes will start new 
demonstration research in the future. In EMS, basic research on batteries is of the utmost interest, with 
76% of institutes already undertaking. In demonstration research, 66% and 62% of institutes have 
taken batteries and EV/FCV respectively as themes, including future research. EMS system research 
tends to be more selected in both basic and demonstration research as a theme than HEMS / BEMS / 
ZEB research in which subjects are focused narrowly on. Among the basic researches on hydrogen, 
86% of the institutes answered that they would study hydrogen production, which was the largest, 
followed by hydrogen transportation/storage accounting for 67%. In demonstration research, there are 
many application researches of H2 as a fuel, and 53% of research institutes are working on it. In this 
survey, hydrogen for chemical reactions in CCU is sorted in CCUS. We can see that there is much 
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interest in the future use of hydrogen. Results showed carbon utilization was focused among research 
themes of CCUS, and especially utilization to chemicals was the most. 67% and 48% of research 
institutes are currently conducting and plan to continue basic research and demonstrations, 
respectively. It seems that there are many new studies, especially of demonstration. 24% of research 
institutes newly plan to study carbon utilization for chemicals and fuels . 

 

 

 
Figure 2  Ratios of research institutes of achieved/ongoing and planned for focused research areas 

(basic research) 
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Figure 3  Ratios of research institutes of achieved/ongoing and planned for focused research areas 

(demonstration) 
 
Table 3 and 4 summarized responses from each research institute regarding their basic 
research/demonstration status respectively. respectively. The timeline shows Achieved, on-going  I 
(red), Planned in months II(orange), in years III(yellow).  Many institutes in developed countries 
have long-term plans. Institutes accounting for 67% and 48% of the total number of institutes cover all 
four research areas of basic research and demonstration, repectively. Some institutes, (such as CSIRO 
Australia, FhG/ISE Germany, NREL United States) have almost same research themes from basic 
research to demonstration. It can be said that those institutes are likely to do continuous and consistent 
research from the basics to the demonstration. Here is an example of hydrogen production that many 
institutes are working in basic research. Table 3 may help us to see that there are further possibilities in 
substantive and long-term international collaborations among research institutes with advanced future 
plans, namely CSIRO Australia, NRC Canada, CEA and CNRS France, FhG/ISE Germany, AIST Japan 
and the NREL United States, by showing their advancement timeline in stages. 

 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

PV, cell
PV, module

Solar heat
Wind

Hydro (small)
Biomass

Geothermal
Other renewables

Battery
Electric vehicle, FCV
HEMS, BEMS, ZEB

EMS, system research
EMS,  others

H2 production
H2 transportation/storage

H2 application
H2 system research

H2, others
Carbon capture

Utilization (chemicals)
Utilization (fuels)

Utilization (minenals)
Utilization (others)

Cabon sequestration
CCUS, others

Demonstration

Achived, ongoing and planning Not yet but  planning No action

207



Possible application and future development of the R&D database 
The result can be adopted into 3 different applications, albeit interrelated.   
(1) Referring research subjects of RE, EMS with batteries, H2 and CCUS which member institutes are 
conducting in basic/demonstration areas with different timelines. 
(2) Exploring and identifying new seeds and needs for further international joint research opportunities, 
as well as strengthening and promoting ones already in progress.    
(3) Promoting organizational activities, such as setting themes for specific taskforces, workshops  and 
future RD20 agenda.   
The RD20 Secretariat will update a database as necessary, incorporating the opinions and discussions 
of member institutes in order to promote international joint research. 
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Table 3  Summary of answers from individual institutes (basic research) 
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Table 4  Summary of answers from individual institutes (demonstration) 
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