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Panoramic View of the Energy Field (2017)

Executive Summary

Energy is indispensable for mankind to carry out social and economic activities. In
order to realize a sustainable society, research and development aimed at concurrently
overcoming 3E+S(Energy Security, Economic efficiency, Environment and Safety) is
necessary.

The energy field is described as an integrated engineering and made up of various en-
gineering sectors in order to solve social problems. Related science and technologies
(constituent elements) covers a wide range, including mechanical engineering, electrical
engineering, chemical engineering, nanotechnology and materials, ICT, biotechnology
etc.

This report conducted a panoramic view study taking into consideration the three
categories "Energy supply"”, "Energy use", and "Energy network". For this study, 31 R&D
key areas were selected, as shown in the figure below, that should continue to keep track
of the trends, and in each individual area. Regarding individual areas, trends and topics

of R&D, research themes and international benchmarks were organized.

Figure Panoramic view of energy R&D
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R&D trend and science and technology policy in 31 areas (the most recent two to three
years) of one region and seven countries: Japan, the United States, Europe, Germany,

UK, France, China and South Korea are shown in the following table.

Table R&D areas overview in the energy field

Japan R&D Trend |+ The research fields that lead the world in both basic and applied research
are thermal power generation, storage batteries, fuel cells, magnets and
heat resistant materials.

* R&D of CCUS, photovoltaic power generation, geothermal power genera-
tion, EMS, power electronics, heat storage, heat pump, catalyst, combus-
tion are regarded the best in the world.

* R&D of advanced nuclear reactors, energy system evaluation and its
model, ZEB/ZEH are weaker than those in Europe and the United States.

Science and | * The chapter of "optimization of energy value chain" in science technology

Technology and innovation strategy mentioned energy platform construction, stabi-

Policy lization and cost-reduction of clean energy supply, stabilization of energy
use by new technologies and storage batteries to realize hydrogen society,
improvement of energy utilization efficiency and energy saving by new
technologies, application of innovative materials and devices to a wide
range of fields.

* The National Energy & Environment Strategy for Technological Innova-
tion towards 2050 (NESTI 2050) designated following technologies as
innovative technology: energy system integration technology, power elec-
tronics, innovative sensors, superconductivity, innovative production
process, Ultra-light and super heat-resistant structural material, storage
battery, hydrogen production, storage and use, photovoltaic, geothermal
and CCUS.

USA R&D Trend |+ Technologies of mining typified by shale development, pre-combustion

CO2 recovery technology of CCUS and related separation technology, ge-
othermal power generation, nuclear safety, combustion and tribology are
positioned at a high level. In terms of ICT, Energy Management System
(EMS), HEMS/BEMS are ranked as the best in individual energy fields.

* Elemental technologies such as thermal insulation, dimming, organic EL,
is strong. Research centers represented by power electronics field have
been established in many universities. R&D has actively developed in
cooperation with private companies.

Science and | * As fundamental research, hydrogen, photovoltaic, superconductors, sol-

Technology id-state light-emitting elements, nuclear energy, clean high-efficiency

Policy combustion for transportation, geosciences, power storage, materials,
carbon recovery are prioritized. As a research methodology, simula-
tion-based technologies such as computational material science and
mesoscale science connecting macros with nano-micro are emphasized.

» Applied research covers a wide range of technology: vehicle, bio energy,
hydrogen and fuel cell, power generation of solar, wind, hydro, geother-
mal, advancing manufacturing for home and industry energy saving,
building, CCS, power grid modernization and fuel reprocessing.

* Recent trend is “returning to manufacturing”. DOE funds to advanced
manufacturing technology (power electronics, structural materials, etc.)

Europe R&D Trend |+ Technologies of resources development, nuclear fusion, nuclear safety and

fuel reprocessing, crystalline silicon photovoltaic system, offshore wind
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power, geothermal power, gasification of biomass, energy system evalua-
tion, EMS, DC transmission and distribution, power electronics, battery
storage, heat storage, energy career, ZEB, thermal insulation, high tem-
perature heat pump, catalyst, associated and contaminated water, sepa-
ration of rare metals, engine combustion, combustion, tribology,
heat-resistant material, CFRP and high strength lightweight material
such as cellulose fiber are world top class.

* The UK, France and Germany mainly contribute to overall technological
advantages. Iceland and Italy for geothermal power generation, Nether-
lands, Belgium and Norway for solar power generation, Denmark for heat
pump technology, Finland and Sweden of forestry countries for cellulose
nanofibers of high-strength lightweight material, have contribute to ad-
vance research, individually.

Science and |+ New Integrated Strategic Energy Technology (SET) Plan, adopted in

Technology 2015, focuses on renewable energy, smart energy systems for consum-

Policy ers, energy efficiency improvement, sustainable transport technology, and
in particular CCS and nuclear safety.

* Horizon 2020 puts an emphasis on excellent science, industrial leadership
and tackling societal challenges. As related energy fields, nearly zero
emissions house, power supply of low price and low environmental im-
pact, and the transmission network connecting distributed renewable
energy sources in Europe are listed.

+ Under the Joint Technology Initiative (JTI), industry contributed over
50% of research project funds. The total fund amount is over 3 billion
euros. Among six of JTT themes, there are two themes for energy (fuel cell
and hydrogen).

Germany R&D Trend In a wide range of fields, R&D maintains excellent levels such as photo-

voltaic power generation, wind power generation, direct curent/

superconducting transmission/distribution, power electronics, power
storage device, heat storage, lighting/display, thermal recycling, catalyst
and engine combustion.

* In photovoltaic power generation, the Fraunhofer Institute plays a main
role and maintains extremely high research standards such as funda-
mental research of crystalline silicon element technology, CIS solar cell,
perovskite solar cell and concentrating photovoltaic module development.

* In wind power generation, various R&D projects under the framework
plan are promoting studies on wake and turbulent flow applied for off-
shore wind power to establish future wind turbine design with the col-
laboration with leading players such as Siemens.

Science and | * According to "10 Energy Agenda" announced in 2014, a document to con-

Technology tinue 6% energy research program in 2011, energy storage, future trans-

Policy mission and distribution power network, smart city using high-efficiency
energy were set for priority fields. (Other fields are green economy, bio
economy, sustainable agricultural production, securing resources, urban
energy efficiency improvement, energy efficient construction and sus-
tainable consumption)

+ Federal Ministry of Education and Research (BMBF) announced four
Copernicus projects on energy conversion devised by Max Planck Insti-
tute. The projects cover four areas: new network structure, storage of
surplus electric power "Power-to-X", industrialization process including
social acceptance and energy system integration. For the next 10 years,
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academia such as Aachen Technical University, industries such as
Siemens and citizens will cooperate to create technological and economic
solutions necessary for the conversion of energy systems. About 10% of
the participants in the research are sociologists.

UK

R&D Trend

Basic research for windmill turbine design, wind tunnel testing, and
demonstration projects for cable laying, power generation forecasting and
floating offshore stations, are in a pioneering position.

R&D of tribology and it innovative study of “Green Tribology” led by
several universities such as Cambridge and Leeds should be noticed.

Science and
Technology
Policy

“Energy and its storage” was selected as one of the Eight Great Technol-
ogies to be invested in future growth plans.

Ocean power generation is positioned as an important energy that takes
advantage geographically and climatically. In this area, offshore wind
power is strongly developing.

"The Catapult Programme”, an industry-academia collaborative R&D
base, forms a cross-sectorial industrial cluster with key enterprises and
universities, and functions to bring research results to innovation. There
are four programs: offshore renewable energy, energy systems, future
cities and transport systems for energy fields.

France

R&D Trend

France plays a world leading role of nuclear power R&D (new reactor,
nuclear fusion reactor, nuclear safety). For the most modern reactors, the
sodium-cooled fast reactor ASTRID project and the gas-cooled fast reactor
ALLEGRO are being promoted.

Developing of material and device for fuel cells and magnets, such as
crystal silicon solar cells, super capacitors, PtCo alloys, carbon alloy cat-
alysts, etc. have advantages.

Science and
Technology
Policy

Among the 10 issues of the "National Research Strategy" (France Europe
2020 SNR), “sustainable resource development and adaptation to climate
change”, “safe, clean and efficient energy” and “transport and sustainable
urban system” are classified as energy related issues.

One of the seven strategic fields of "A principle and the seven ambitions
for innovation " is energy storage.

“Energies du Futur”, one of the Carnot Institutes, aiming at collaboration
between public research institutes and private companies to promote in-
dustrial utilization of basic research results, is engaged in developing
renewable energy supply, hydrogen system, power distribution, power
storage, CO2 storage and materials development.

China

R&D Trend

For thermal power generation, R&D of A-USC, IGCC and domestic gasi-
fication furnace are actively promoted. For nuclear fusion, the construc-
tion of a nuclear fusion engineering test reactor is being proposed to the
Chinese government.

Research on automotive storage batteries is strong for capacitor technology.
Life extension and cost reduction of vacuum insulation materials, stable
production and scale enlargement of high-performance low radiation
glass and process development for the rare metal separation are actively
promoted.

Science and
Technology
Policy

"13th National Priority Research and Development Program" of Science
and Technology Development Plan listed new type of energy vehicle. "13th
Five Years Science and Technology Innovation Plan" nominated aircraft
engines and internal combustion turbines as priority innovation projects
and raised research on greening and highly efficient use of coal as a prior
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innovation business.

In "Energy Technology Revolution Innovation Action Plan", 15 preferential
innovations, such as hydrogen energy, fuel cells and advanced energy
storage technology are designated.

South Korea | R&D Trend

R&D of perovskite solar cell is the world's top level. The design of the
nuclear fusion prototype reactor K-DEMO has been started.

Samsung and LG have high level technologies of lithium ion battery. The
government supports domestic production of battery materials. For
superconductivity, the price of yttrium type wire rods has been reported to
reach the same level as that of bismuth system. Longer distance cable
projects are under planning.

For organic EL materials, organic EL displays and quantum dot displays,
Samsung and LG fund domestic and overseas universities to actively
engage in R&D and lead the world.

Science and
Technology
Policy

Decentralization, cleaning, efficient, safety, intelligent are determined as
the direction of energy innovation technology program "Energy Innova-
tion Architecture 2025". 17 technical programs designated :
next-generation strategic resource development, high efficiency clean
thermal power generation, safe nuclear power generation, renewable en-
ergy hybrid system, next generation clean fuel, next generation trans-
mission and distribution, smart home and building, smart FEMS, smart
micro grid, energy nega-watt system, demand-responded energy storage
system, CCUS, future power generation, wireless power transmission,
efficient power conversion/storage, manufacturing process based on 3D
printing technology and energy IoT + big data platform.

Based on these surveys, the main trends of world R&D in the energy field are summa-

rized in the following four items.

1. Technical improvement for low carbonization (energy efficient use and energy

conservation)

Measures to cope with massive amount of renewable energy introduction

3. Responding to energy resources transformation (from fossil fuels to renewable en-

ergy)

4. Safety of nuclear power and preparation to radioactive waste and dismantling

Item1 consists of thermal power, CCS, nuclear power, nuclear fusion, solar power, wind

power, geothermal, thermal recycling, thermal storage, combustion, tribology, heat re-
sistant materials, highly lightweight materials and BEMS/HEMS. Item2 consists of co-

ordinated power, EMS, direct current transmission (including superconductivity), energy

storage, power electronics and magnets (motor and transformer). Item3 consists of en-

ergy career, fuel cell, CCU, biomass and catalysts. According to item4, in response to the

Fukushima accident, global efforts are being implemented for these issues.

Based on the above issues as well as social and economic trends, the R&D items in the

energy field that Japan should currently challenge as a nation, mainly with universities

and other related sectors, are as follows.

CRDS-FY2016-FR-02

Center for Research and Development Strategy, Japan Science and Technology Agency




Panoramic View of the Energy Field (2017)

1. Development of novel type of energy network system, utilization of advanced car-
bon and hydrogen circulation, and electric power/fundamental material coproduc-
tion (advanced reaction and separation) in response to massive amount of renew-
able energy introduction

2. Establishment of advanced manufacturing base (element technology) contributing
to energy high efficient use (low carbonization) : heat and impact resistance tech-
nology for materials, high-strength and light-weight technology, mul-
ti-materialization, processing technology, tribology technology, high-functioned and
high-accurate vibration suppression technology, and coupled analysis for large

scale structure
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