
a
lc

a
k

y
o

to

P
b

-F
R

E
E

 P
E

R
O

V
S

K
IT

E

a
lc

a

a
lc

a
k

y
o

to

H
IG

H
-T

E
M

P
E

R
A

T
U

R
E

 M
A

T
E

R
IA

L
S

a
lc

a
o

s
a

k
a

a
lc

a
m

e
iji

C
Y

A
N

O
B

A
C

T
E

R
IA

a
lc

a
k

y
o

to

a
lc

a
k

y
u

s
h

u

R
E

B
C

O

H
IG

H
-T

E
M

P
E

R
A

T
U

R
E

 M
A

T
E

R
IA

L
S

a
lc

a
fu

k
u

i

S
U

P
E

R
C

O
N

D
U

C
T

IN
G

 M
A

G
N

E
T

a
lc

a
k

y
o

to

C
O

N
S

O
R

T
IA

 M
IC

R
O

B
IA

L

C
O

N
S

O
R

T
IA

 M
IC

R
O

B
IA

L

a
lc

a
h

is
o

s
a

k
i

B
IO

P
R

O
D

U
C

T
IO

N

a
lc

a

a
lc

a

a
lc

a
o

s
a

k
a

G
a

N
 W

A
F

E
R

a
lc

a
g

u
n

m
a

a
lc

a
k

y
u

s
h

u

2020

ALCA

C
A

R
B

O
N

 A
L

L
O

Y
 C

A
T

A
L

Y
S

T
C

Y
A

N
O

B
A

C
T

E
R

IA

C
A

R
B

O
N

 A
L

L
O

Y
 C

A
T

A
L

Y
S

T
L

IT
H

IU
M

-S
U

L
F

U
R

 B
A

T
T

E
R

Y

L
IT

H
IU

M
-S

U
L

F
U

R
 B

A
T

T
E

R
Y

y
o

k
o

h
a

m
a

h
is

o
s

a
k

i

E

N

G



See P. 14 for JST’s eff ortsSee P. 14 for JST’s eff orts

Kazuhito Hashimoto   President, NIMS

Kohei Uosaki

Fellow, National Institute for Materials Science

Technical area:

Next Generation Batteries

Yoshiharu Doi

Professor Emeritus, Tokyo Institute of Technology

Technical area:

White Biotechnology

Atsuhiro Osuka

Professor, Kyoto University

Technical area:

Solar Cell and Solar Energy Systems

Kenji Taniguchi

Specially Appointed Professor, Osaka University

Technical area:

Innovative Energy-Saving and Energy-Producing Systems and Devices

Shigehito Deki

Professor Emeritus, Kobe University

Technical area:

Next-Generation Smart Community

Kohmei Halada

Emeritus Researcher, National Institute for Materials Science

Technical area:

Ultra Heat-Resistant Materials  and High Qual ity Recyclable Steel

Takashi Tatsumi

President, National Institute of Technology and Evaluation

Technical area:

Innovative Energy-Saving and Energy-Producing Chemical Processes

Hiroyuki Ohsaki

Professor, The University of Tokyo

Technical area:

Superconducting Systems

Akihiko Kondo

Professor, Kobe University

Technical area:

Biotechnology

Program Director (PD)Program Director (PD)

Program Offi  cer (PO)Program Offi  cer (PO)

There are basically two approaches to solve the global warming issues: the “adaptation option” and “mitigation op-

tion.” The former is to reduce the global warming effect by adjusting the paradigm for nature and society. 

In contrast, the latter is to suppress the GHG emissions themselves, and there are considerable expectations for 

science and technology to contribute in this area. ALCA intends to build a low carbon society, through game-changing 

technology, although we hope to find scientific and technological options in various R&D areas.

Technology Areas

ALCA develops technologies to reduce GHG emissions, which will contrib-

ute to the following goals related to environment and energy.

SDGs  Sustainable Development Goals 

The emission of CO
2
 actually accounts for the largest per-

centage among greenhouse gases (GHG) as a cause of global 

warming issues. Today, the realization of a low carbon so-

ciety has become a global challenge. In the context of this 

international trend, the Japanese government has taken an 

approach to reduce GHG emissions, launching the Advanced 

Low Carbon Technology Research and Development Program 

(ALCA) in 2010 as a research program toward developing low 

carbon technology for the reduction of GHG emissions.

ALCA Outline Management

The Program Director (PD) of ALCA oversees 

its entire operation and each Program Officer 

(PO) is responsible for the general manage-

ment of the technology area. We conduct a 

“stage-gate evaluation” during the research 

period to decide on whether to continue the 

research. By the selection and concentration 

in such a stage-gate evaluation, we intend to 

accelerate research and development, focus-

ing on social implementation in 2030.
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04Jun-ichi Ozaki, Gunma University

Fuel Cell Driven by a Carbon Catalyst: 

A Step Toward Achieving a Low-Carbon 

Society

Reducing the use of high-cost platinum catalyst is one of the major issues 

facing the use of fuel cells as a clean energy storage and generation 

technology.

Fuel Cells

06Yusuke Mori, Osaka University

Development of GaN crystal that does 

not show leak current during power con-

version

Power devices, which are semiconductor elements that perform power con-

version, contribute significantly to energy savings by reducing power loss.

Power Devices

08
Shigehiro Nishijima, 

Fukui University of Technology

Development of a Device That Removes 

Iron Oxide Scale From Water Feeding Pipes

Power loss in energy equipment is reduced significantly by utilizing the 

nature of superconductivity that minimizes electrical resistance.

Superconductivity

11Akinori Ando, Kyoto University

Reconstructing Nitrifying Microbial Con-

sortium in Artifi cial Soil

We designed a microbial consortium to convert chemical fertilizers into or-

ganic fertilizers which maximize the CO
2
 fixation capacity of plants, thereby 

contributing to a significant reduction of CO
2
 emissions.

Microorganisms

03
Masayoshi Watanabe, 

Yokohama National University

Next-Generation Lithium-Sulfur Battery 

Enabled by Ionic Liquid Electrolyte

Advances in secondary battery technology are indispensable to spreading 

the use of renewable energy and electric vehicles that will contribute to 

reducing CO
2
 emissions.

Secondary Batteries

05Atsushi Wakamiya, Kyoto University

Development of an Eco-Friendly Lead-Free 

Perovskite Solar Cell as a Power Supply for 

Anywhere Use

Perovskite solar cells are gaining attention as next-generation, highly 

efficient solar cells that do not contain hazardous substances.

Solar Cells

07Masataka Iwakuma, Kyushu University

Development of a Highly Effi  cient, Com-

pact, and Lightweight Fully Supercon-

ducting Rotating Machine

Power loss of energy equipment is reduced significantly by utilizing the 

nature of superconductivity that minimizes electrical resistance.

Superconductivity

09Haruyuki Inui, Kyoto University

Development of a New Super-Heat-Re-

sistant Material to Enable Gas Turbine 

Operation at Very High Temperatures

In order to further reduce CO
2
 emissions in the power generation and trans-

portation industries, turbines made from heat-resistant materials should be 

used to enable efficient operation at high temperatures.

Turbine Material

10Takashi Osanai, Meiji University

Production of a Bioplastic Material Using 

Cyanobacterial Fermentation

The power of microorganisms is used to fix CO
2
 and convert it into a useful 

metabolite, thereby creating a CO
2
 cycle.

Microorganisms

12Tomonori Sonoki, Hirosaki University

Development of a Microbial Strain Producing 

Polymer Materials from Lignin, a Major Com-

ponent of Wood

Developing microbial conversion of biomass to useful materials contributes 

to utilizing the CO
2
 captured in biomass.

Microorganisms

C h a p t e r01 Reducing C O2 Emissions

C h a p t e r02 Capture and Utilization of CO2
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The development of low-cost and high-performance secondary batteries without resource constraints is a 

key technology for achieving a low-carbon society. The lithium-sulfur battery is a promising candidate for 

next-generation secondary batteries that satisfy the requirements above. The ALCA Specially Promoted Re-

search for Innovative Next-Generation Batteries (ALCA-SPRING) is committed to developing this technology. 

As the ionic liquid electrolyte enables the use of lithium metal, silicon or graphite for the negative electrode, 

and sulfur or lithium sulfide for the positive electrode, the assembly of a diverse range of lithium-sulfur bat-

teries is made possible. We are committed to developing innovative lithium-sulfur batteries by utilizing the 

insolubility of ionic liquid electrolyte to positive electrodes, specific ion transport properties and electrode 

reactions of the ionic liquid electrolyte, and by resolving issues concerning volume change and insulation 

related to charge and discharge through optimizing the nanostructure of positive and negative electrodes.
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The development of low-cost and high-performance secondary batteries without resource constraints is a 

LITHIUM-

SULFUR 

BATTERY

1 Baking a positive electrode material 

using an electric furnace

2 Lithium polysufi des are insoluble (left).

3 Assembly of laminated cells

4 Evaluation of charge and discharge 

performance

From upper right: Ketjenblack (KB), sulfur ( S   ₈ ), 

and binder polymer (positive electrode material)

Center: Ionic liquid (electrolyte)

Positive electrode 

materials and electrolyte

The non-volatility, fl ame retardancy, 

and unusual solubility of ionic liquid 

are used to resolve the issue of 

active materials dissolving from the 

sulfur positive electrode

Ionic liquid

1

3

2

4

The non-volatility, fl ame retardancy, 

Lithium-sulfur battery

LIBTEC has assembled a prototype of a 

10 Ah battery as part of a joint project 

with ALCA-SPRING and NEDO’s SOL-

iD-EV

Next-Generation Lithium-Sulfur Battery 

Enabled by Ionic Liquid Electrolyte

Masayoshi Watanab e, 

Professor, Graduate School of Engineering Sciences, 

Yokohama National University



●
C

A
R

B
O

N
 A

L
L

O
Y

 C
A

T
A

L
Y

S
T

In this R&D project, we developed a carbon alloy catalyst for fuel cells that boasts a similar 

performance to platinum, a high-cost precious metal. A carbon alloy catalyst is a carbon ma-

terial with a catalytic function added through the control of its structure and composition. By 

engaging in a study centered around understanding the operating principle of this catalyst, we 

have devised a policy for designing carbon catalysts. We also confirmed that this policy can be 

applied effectively to the world’s first non-platinum cathode catalyst for fuel cells, commercial-

ized by Nisshinbo Holdings. We are planning to further expand the applications of the carbon 

alloy catalyst to include high-power density, stationary fuel cells for backup power supply, and 

then those for home use and automobile use.

CARBON ALLOY CATALYST

Work function 

evaluation device

Transmission electron mi-

croscopy image of carbon 

alloy catalyst

Work function 

evaluation device

A joint study was per-

formed with Nisshinbo 

Holdings’ resident 

researchers at Gunma 

University

Temperature Programmed Desorption (TPD) device

The temperature may be 

increased up to 2,000°C

The functional group on the carbon 

surface is measured

Fuel Cell Driven by a Carbon Catalyst: 

A Step Toward Achieving 

a Low-Carbon Society

Jun-ichi Ozaki, 

Professor, Graduate School of Science and Technology, 

Gunma University

A carbon alloy catalyst

Electric furnace: Baking catalysts

Oxygen reduction 

performance 

evaluation device: 

Evaluation of 

electrode perfor-

mance
























