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Central Research Institute of Electric Power Industry

Oxy_fuel IGCC system Energy Transformation Research Laboratory

— Background / Objectives N

It was economically difficult to capture CO, from thermal power stations, because
thermal efficiency is deteriorated by huge energy for CO, capture. This project is to
develop Oxy-fuel IGCC system, that can keep high efficiency of 42%,,, even after
\capturing CO..

J

/ Technical Summary N\ ~

As Oxyfuel IGCC recirculate GT
exhaust to a gasifier and a GT Coal
combustor to substitute for fuel %

Combustor

rJ: o, Compressor

transport gas and combustion air

with adding O, from an ASU, high -

CO, concentration exhaust gas = = |||| ]E

can be captured without a shift ? L ET  [s1| Generator

converter nor a capture unit. ﬁ & PRl

Further improvement of the agy Cosier Hot-gas HRSG (| &

thermal efficiency is expected by Cleanup

enhancing cold gas efficiency of CO, 5 *_ Compressor

a gasifier with steam injection ) U Utlization, Storage )
K .

The R&D project (JPNP10016) was commissioned by the New Energy and Industrial Technology Development Organization(NEDO).
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Central Research Institute of Electric Power Industry
Energy Transformation Research Laboratory

Polygeneration System utilizing various fuels
for capturing CO:

(  Background / Objectives )

Coal-fired power generation has advantages in terms of stable power generation and

economy. Additionally, supply and demand adjustment ability is required to respond volatile
 renewable energy.

Technical Summary
In the polygeneration system, an entrained flow coal gasifier utilizes carbon-based wastes
and biomass to decrease CO, emission. Furthermore, the system produces power and
| valuables to increase supply and demand adjustment ability of coal-fired power plant. )
/_ )
a) 0,/C0O,/H,0 blown entrained flow gasifier which
provide stable syngas generated from various fuels

Power

1 ~
o
g) P Syngas b)High-efficiency power generation,
% 1 CO, H, Supply and demand adjustment ability
o) ©
1 = Valuables
o~ 3
s
capture c) Valuable co-production decrease
CO, capturing cost
- /

This R&D project (JPNP16002) is commissioned by the New Energy and Industrial Technology Development Organization(NEDO).
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Demand-and-supply-adjustable O ey Tanetomaion esearen Lobornor
reversible electrochemical device

Background / Objectives

- D
In case high penetration of variable renewable energy progresses toward 2030 and 2050, the output fluctuation of

solar and wind power generation due to the weather are expected to have a significant adverse effect on power
system stability. For this reason, in order to stabilize the power system, it is necessary to develop a new supply and
demand adjustment and power storage system. Our target of this project is to develop dispatchable electrochemical
device that realizes high operation rate by reversibly utilizing electrolysis synthesis of methane from recovered CO,
_and its reverse reaction, high-efficiency power generation. y

e Technical Summary )

Solid oxide fuel cells (SOFC) have high power generation efficiency, and can also be used reversibly as solid oxide
electrolysis cells (SOEC) by reverse reaction. For this reason, when there is excess electricity, the recovered CO,
and H,0O can be converted into hydrocarbons (or Syn. gas) by electrolytic synthesis (Power to Gas), and when
electricity is deficiency, high-efficiency SOFC power can be generated using hydrocarbons (or H,), so this reversible

_device can be used as a dispatchable system at high availability rate. )
f Electrolysis mode (SOEC) Power generation mode (SOFC) \

Electrode reaction E>Catalytic reaction Electrode reaction <::|Catalytic reaction
H,O ogg%oo Ogggégg‘;gg%&mpm H,O oOO ooooo © S CH,

co, y Heatlf /1 O N Heat

Electrolyte O?~ Reversible Use Electrolyte Q2
720, 2 Air
—
Electricity Wide range of supply —
Renewable Energy and demand adJUStment Renewable Energy

\ (Excess) High availability rate (Deficiency) j
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Central Research Institute of Electric Power Industry

FeaSibiIity I‘eseal‘Ch and baSiC Energy Transformation Research Laboratory
development of electrochemical urea synthesis in ionic
liquids for CO, resource recovery

- Background / Objectives )

Urea is an industrial raw material such as fertilizers, denitration agents, and
resins synthesized from ammonia and CO,, and about 180 million tons are
produced worldwide. Since the current manufacturing process uses fossil raw
materials such as natural gas during the production of ammonia, it does not
contribute to CO, reduction in total. CO, would be expected to be fixed and
_recycled by synthesizing with renewable electricity.

)
7 Technical Summary N ( N A
Electricity Generated from
; Exh G
The present research project cxnaus: oas Renewable Energy
investigates the feasibility of the Power Plants | (—’
novel electrochemical synthesis of co, Combustion Improver for

Thermal Power Plants

()

Urea u
(NHy), A N,

(water vapor) using the electricity
generated from renewable energy

sources in order to capture and = _ geed as Commodity
utilize CO, in the exhaust gas from lonic Liquid Electrochemical Cell £,¢ o Handle due to

Solid Compound
\_thermal power plants. )L Y

The R&D project has been funded by New Energy and Industrial Technology Development Organization(NEDO).

urea from CO,, nitrogen, and water
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Microbial CO, conversion
to value-added chemicals

Central Research Institute of Electric Power Industry
Sustainable System Research Laboratory

~ Background / Objectives

In order to realize a carbon recycling society, we must look to the creation of novel CO,
conversion technology to produce value-added chemicals, to change the present fossil
energy dependent society. Also, the rising availability of renewable energy has driven the
development of technologies that convert this renewable energy into chemical energy. Some
bacterial species can use electrons or indirectly via H, generated from renewable energy as
energy sources for CO, conversion to multi-carbon chemicals. However, effective microbial
CO, conversion process has not been established.

e Technical Summary

gene modified microbes with ability to
produce value-added chemicals.
(_Metab Eng. (2018), 47:211-218

The microbial CO, conversion is regarded as
sustainable platform technology under mild
condition (normal temp/pressure). To develop
a microbial catalyst for the conversion of CO,
and energy generated from renewable source
into multi-carbon compounds, we construct

| Microbial catalyst |

g Co, .

Power to gas,
Power to liquid
[Electro-fuels]

|:> Methane, Alcohol

Microbes can use electricity ]
.

b
il

and CO, to make multi-carbo
compounds

B
'Electricity
/ Ir‘iﬁ or Hydrogen | !
M Power to chemicals | Polymer (lactate, PHA)
[Electro-chemicals] | Dietary supplement, etc

Renewable energy
J
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Catalytic hydrogenation of CO,

Central Research Institute of Electric Power Industry
Sustainable System Research Laboratory

functioned under mild conditions

— Background / Objectives

-

Catalytic hydrogenation of CO, to methanol is promising for a large-scale
conversion of the GHG gas into valuable products. It is known that the
conversion is promoted under low-temperature condition.

J

\_

Technical Summary

In general, the transformation is
proceeded in the presence of
heterogeneous catalysts under 250 °C.
In our laboratory, we develop
homogeneous catalysts directed
toward low-temperature methanol
synthesis (100-150 °C). Molecular
modification of the catalysts can
serve to lower the condition. In
addition, we focus on the intermediate
in order to develop a novel synthetic

route in favor of methanol generation.j

~

[Conventional]

carrier + F12
ol oartices 0902 ——— methanol
metal particlies 250 OC

Heterogeneous ® high-temperature is unfavorable
Catalysts

[Our Target]
R R
Ny
R

R/ ~
Homogeneous .
Catalysts <[To develop efficient catalysts]

— ligand
metal atom

+H, , : + H,
CO, —=formate — intermediates—= methanol

kTo find novel synthetic routeﬁ
J
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Central Research Institute of Electric Power Industry

Sustainable System Research Laboratory

CO, fixation and utilization by coal ash and biomass ash

-~

Background / Objectives

Among by-products generated in Japan, coal ash and biomass ash are contained
alkaline components such as Ca and Mg that form stable carbonates. This project
is to research and develop to construct a CO, fixation system using coal/biomass
ashes and establish the technology of utilizing carbonated ashes.

-

\_

Technical Summary T\

CO, fixation capacity and
reaction rate for coal ash,
biomass ash are evaluated in
order to construct basic

design of CO, absorption
equipment, and CO, injection
method to landfill. In addition,
we obtain the properties of
carbonated ash and develop
technology for its utilization.

00

il
11

Power Plants

Sea Area Landfill

l Landfill disposal

v

v

CO, fixation by CO,

CO, fixation at

Absorption Equipment

Landfill

Dig-up J

\ 4

Maintenance

management at
Landfill site

|

Materialization of carbonated ashes

Early stabilization of landfill site

= Utilization in the fields of civil
engineering, agriculture, forestry and
fisheries

J

\_

= Reducing the burden of
maintenance and management of
the landfill site and realizing the
early use of the site

J

The R&D project has been funded by New Energy and Industrial Technology Development Organization(NEDO)
and conducted by CRIEPI, Mitsubishi Power, Ltd., TOYO CONSTRUCTION CO., LTD. and Japan Coal Energy Center(JCOAL).
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