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Policies and Actions toward a Low Carbon Society

B Speech by Prime Minister Abe at COP21

“The key to acting against climate change without

)

\
\

-
sacrificing economic growth is the development a
of innovative technologies. To illustrate, there ¢ 'l
are technologies to produce, store and transport ?
=

hydrogen towards realizing COg—free societies,”

% ;6 PARISZ

COP21-CMP11 .'

B Council for Science, Technology and Innovation(CSTI)
Hydrogen is one of key areas of CSTI strategies.
SIP program was launched 2014 ( 5 years program ).
Hydrogen energy carrier is one of 11 themes of SIP.

B Strategic Plan for Hydrogen Utilization (December 26, 2017)
(Cabinet Meeting chaired by Prime Minster)
Scenario for Basic Hydrogen Strategy
(Direct use of ammonia is one of the most feasible options
for the low-carbon society.)
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+  Developing international hydrogen
supply chains

CO2-free hydrogen

Fossil fuel-based hydrogen
(by-product hydrogen, natural gas reformation)

Supply chain development and demonsiration, scale-up

¥ Developing domestic Power-to-Gas
for renewable hydrogen supply

(Present) (2020)
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(hydrogen station price)
_ ¥12/kWh
(RA&D stage) ¥17/kWh Replacing gas

environmental value assessment sysh

Demonstrating hydrogen power generation, establishing an

{Commercial stage)

power generatlnn
{Refarance) 5-10 millon { rapresents

mﬂmmm 15-30 GW In power generation capacity
“Roadmap” targets
r— (Present) (2020) (2030
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Replacing traditional
residential energy

c systems

(Brown coal combined with CCS,
utilizing renewable energy)

(Reference comparison )

Matural gas imports:
85 million ty

Matural gas
import price:
$1.6/kg*

“Conversion based on
hygrogen's calorflc vale

Unit LNG power
generation cost:
¥12/kWh

Fossil power
generation capacity:
132GW

Mumber of gas
station:
31,500

Mumber of
pESSEnger Cars:
62 million

Mumker of
households:

53 million
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11 Themes of SIP

Priority
policy issues

Themes Objective

Innowvative Combustion Technology Improving fuel efficiency of automobile engines

Integrating new semiconductor materials into highly efficient power

Mext-Generation Power Electronics i
electronics system

Developing ultra-strong and —light materials such as magnesium-, titanium-
Structural Materials for Innovation (SM*1) - - - -

EnEI"gY alloys and carbon fibers
Promoting R&D to contribute to the efficient and

E Carri
nergy Larriers cost-effective technologies for utilizing hydrogen

Mext-Generation Technology for Ocean Establishing technologies for efficiently exploring submarine hydrothermal
Resources Exploration polymetallic ore

Developing new transportation system including technologies for

Automated Driving System
el avoidance accidents and alleviating congestion

Infrastructure Maintenance, Renovation and Developing low-cost operation & maintenance system and long life
Next-generation Management materials for infrastructures
infrastructures Enhancement of Societal Resiliency against Developing technologies for observation, forecast and prediction of natural
Matural Disasters disasters

Development of technologies that monitor, analyze, and defend control
Cyber-Security for Critical Infrastructures and communication system as well as confirm integrity and authenticity of
system components to protect critical infrastructures against cyber threats.

Technologies for Creating Next-Generation Realizing evolutionary high-yield and high-profit models by utilization of

Agriculture, Forestry and Fisheries advanced IT etc
Local resources

Establishing new styles of innovations arising from regions using new
technologies such as Additive Manufacturing
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Scheme of CO, Free Hydrogen Value Chains

Hydrogen Transport (Energy carriers) Utilization
production
(. I
Natural gas g @
Petroleum liguidihydregen
Coal Reforming/ < Vo Gasification Fuel cell vehicle

gasification LH,(A253 )
.

Power generation
hydrides -
(methyl cyclohexane) ‘H

(H; 6wt%) Fuel cell
Renewable “\Carbon dioxide capture - /
energy and storage - N
Mix combus-
: NH, fueI'ed tion in coal
NH, gasturbine ¢l °0%
Production by Liquid: A33“°Cor 8.5Bar w
.. b

electricity and heat  [h ) .
\_ Fuel cell NH, furnace/

| «Ammonia direct use> [Power generation sector] [ Industrial sector] ~ [Transportation sector]

i Gas turbine, Coal fired boiler, Fuel Cell Industrial furnace Marine Engine E
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Key Achievements

Ammonia-fueled gas turbine power generation

¥ Tohoku University / AIST / Toyota Energy Solutions / IHI Corporation

| e | | TIIRERS e NH, flame

CH, flame

50kW (100% NH,) Micro Gas Turbine

20% NH;/ CH, flame

ap
“

- Stable flame and low NOx
emission were achieved by
2MW class gas turbine under
the condition of co-fired 20%
ammonia with city gas (methane).

- 41.8 kW power generation was
achieved by using 100% ammonia
fueled micro gas turbine with less
than 10 ppm NOx emission using
an ordinary SCR device.

Air inlet duct

Combustor chamber Exhaust duct

2MW (20% NH,;/ CH, ) Gas Turbine
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Key Achievements

Advanced combined cycle gas turbine
¢ Mitsubishi Heavy Industries Engineering / Mitsubishi Hitachi Power Systems
Exhaust heat

H,

" combustor

H2 N,

Decomposition
system Residual
NH;

~hundreds of MWs
Hydrogen gas turbine

Direct ammonia-fueled solid oxide fuel cell (SOFC)

¥ Kyoto University / Noritake Co., Limited / IHI Corporation e N ¢i [ ] "

—_

= Development of 100% ammonia-fueled
SOFC stack (direct supply of ammonia)
and generated 1 kW of electrical power. \

= The performance attained is equivalent Fuelcellstack « 777 Sehanger

Photo:courtesy of
( Y Hot test module

to the hydrogen fueled SOFC. Noritake)

Insulation
materials

—————————

Fuel cell

1
- — o — —

SOFC system
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Key Achievements
~Mix combustion of NH; in coal fired boilers™

The single-burner combustion test furnace =

¥ Central Research Institute of Electric Power Industry

NOx concentration (Oz 6 %) [ppm

Coal consumption 100 kg/hr [760 kW : in put] 150 EX -

a2 Level for coal combustion Distance of the side NH3

Max. feeding rate of NH, = 30 kg/hr [20% : LHV base] 100 | R

50 = iam

C ——22m

otL I 1 1
H"H NH,/ pulverized 0 25 50 75 100
Coa I fl rl ng te St fu rn aCE ?:écflﬂame Distributed percentage of NHs into the side wall [%]

¥ IHI Corporation

Coal consumption 1.6 ton/hr [10 MW : in put]

Max. feeding rate of NH, 400 kg/hr [20% : LHV base]

Ammonia

Coal 5 Combustion Air
300 , /
250

200 4 Coal

/
/” w Ammonia

150

100 | - Ammonia was safely combusted.

*NOx is under 200 [ppm].

100 110 120 130 1.40 _ *There is no ammonia slip in the exhaust gas.
Excess air ratio (-) ?

€ Coal 100 %
50 B Coal 80 % + Ammonia 20 %
0

NO, (0, 6% conversion) [ppm]
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Key Achievements
~Mix combustion of NH; in coal fired boilers™

Co-fired ammonia at the commercial coal power plant

¥ The Chugoku Electric Power

Coal consumption 50 ton/hr [ 120 MW : out put]

Max. feeding rate of NH; 450 kg/hr [ 1% : LHV base]

1MW-NH, feed / 120MW-Electricity
(Coal fired boiler and steam turbine)

P T

NH The Chugoku Electric Power Co., INC.
3 . Mizushima Power Station

Accumulator

[ NH, tank ]_@

- Ammonia was safely combusted.

Header

Vaporizer *There is no ammonia slip and
= l il no increase of NOx in the exhaust
De-nitration gas.

"The electricity was supplied
steadily during the demonstration.
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Co-fired ammonia at the commercial coal power plant

The video of the demonstration can be seen from the following URL

13
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In July 2017, the t est of c oal power generatlon by
¢* co-firing ammonia has donerat‘Mlzushlma Power
: Station of Chugoku Electrlc Power./Co%, dInc? o
P M W) 214/843 -

SIP Energy Carriers - The coal power generation by co-firing ammonia

https://www.youtube.com/watch?v=ldU-gMvWFDk
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Key Achievements

Industrial furnaces Marine Engine
¥ Osaka University / Taiyo Nippon Sanso

» Successfully controlled
NOx generation below the
environmental standard.

- Developed oxygen
enriched combustion and
Staged combustion. 10kW model funace

¥ JFE Engineering / s
National Institute B
of Maritime, Port
and Aviation Tech-
nology

Maine Engine

Development of ammonia synthesis process from CO, free hydrogen
¥ JGC Corporation / AIST / National Institute of Technology, Numazu College / JGC Catalysts and Chemicals Ltd

- Developed new catalysts and
processes utilizing hydrogen
derived from renewable energy.

= Constructed a demonstration plant
at Fukushima Renewable Energy fﬁfﬁrgﬁtﬁgﬁg \
Institute (20kg-NH,/day). ammonia e [ 13 e

—— e

Ammonia Synthesis Demonstration Plant
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Key Achievements

Loading system for Liquid Hydrogen

¥ JSTRA / Tokyo Boeki Engineering /

Kawasaki Heavy Industries / A
s
as that for LNG.

* The swivel joint and P

Emergency release system
(ERS) for LH2 is developed.

* Loading arm for LH2 is
basically same composition

1-_‘%@1

LNG Loading éystem

Hydrogen-fueled gas turbine

¥ Kawasaki Heavy Industries -

* Developed 100%
hydrogen-fueled Dry
Low Emission (DLE)
combustion technology
that achieved low-NOx
combustion without
using water and steam.

DLE Combustor

JSTRA : Japan Ship Technology Research Association

Development of Hydrogen supplying Technology based on MCH/Ammonia

Y MCH: JXTG / Tokyo Institute of Technology / Waseda University / AIST / NOK

Ammonia: Hiroshima University / Showa Denko /
Taiyo Nippon Sanso / Toyota Industries

= Developed the high performance
catalyst

and purification system.

= Improving efficiency and reducing

the size of modular dehydrogenation

system (MCH).

MCH
NH,

Dehydrogenation System

Hydrogen Refueling Station
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ity Studies

Feasibil

Utilization

, Free NH,
delivered to Japan
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3 Coal Fired Power Plants

Remodeling of Coal Boiler
NH; Unloading, Storage &

Supply Facilities

Middle East Countries

US Gulf
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Cost Comparison (per hydrogen unit) of Energy Carriers

-free H H, +
CO,-free H, = Carriers = H, CO,-free H, CH, + CCS

PS = NH, = NH,

I domestic distribution

I vaporization
m dehydrogenation & refinement

B unloading place

B marine transportation
® loading place
carrier production

m feedstocks hydrogen

Direct Combustion

LH, MCH NH,  NH, NH,
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(1)

(2)

(3)

(4)

(5)

NH; as H, Energy Carrier

NH,’s volumetric hydrogen content is significantly larger than that of
other energy carriers (high H, content) = relatively compact infra.;

Transportation and storage technologies for NH; are already existing.
Annually more than 18 M tons of NH; is being traded internationally.

NH; can be directly used as fuel without CO, emissions, and NO,
emissions in NH; combustion can be controlled.

NH; has acute toxicity with strong smell and easy to detect but not
chronic toxicity (US EPA Study), and safety measures are common
practice.

CCS from NH; production plant is a feasible option, and energy
equivalent cost of NH, is estimated to be the most feasible option.
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Development of CO, free Ammonia Value Chain

CO, Free NH; supply chain can

be realized by existing techs.

I Existing tech. I

||
|||||||||

Natural Gas Existing NH; Plant
(HB Method)

NH; Gas Turbine
Pulverized Coal + NH,

CO, Free
Source of H,

Solar Energy will be shifted it

renewables
in future.

Absorber l

—
Tube o

Solar Field

./P\pmg g 3 :;. .
(CO, Free H,) ™
PV or CSP Production NH, Plant -
Cost Reduction Cost Reduction Under development SIP Industrial Furnaces
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The Green Ammonia Consortium (Established in July, 2017)

Currently under SIP (Limited to SIP participants)
April 2019: Independent & Open Organization for Global Industry

Objective:

* Promotion of collaborations between industry, government and academia
* Commercialization of CO, free NH; value chain

e Strategy & Policy making

* International collaboration

Current Members “"IHI Corporation \
- JFE Engineering

- JGC Corporation
- Mitsubishi Heavy Industries

Chubu Electric Power
- Electric Power Development (J Power)

1 i
\ |
l 1 i :
| ! I Manu : :
Electricity 1 - i ' I
y| Hokkaido Electric P9wer I factures ! °~ Mitsubishi Hitachi Power Systems :
Gas 1 - The Chugoku Electric Power I I C | R&D Lab
I'. The Kansai Electric Power ! | * oyotarentra avs- I
: e Electric P : : - Toyota Energy Solutions :
\ onoku tlectric Fower ] 1 - Toyota Industries Corporation I
~ . Osaka Gas ’ AT . /
’_W_\ \ oyota Motor Corporation _
Supply and ; - Marubeni Corporation I ~
L . " Central Research Institute S
Trading | Mitsubishi Corporation Co. : l CEl - nd \l
VMU 800 TR oo e = | O Dlectnic Power Industry i
- JGC Catalysts and Chemicals Ltd. R rch 1 apz?m 04 r.lergy en er. 1
eseareh | f Applied Ind I
] hokubai . 1 - National Institute of Applied In ustrlaI
Nippon Sho Institutes| Science and Technology i
- Noritake Co., Limited : . National Institute of Mariti port |
. Taiyo Nippon Sanso ational Institute of Maritime, Por /'
. Ube Industries All Rights Rekerved by SIP\.a_nsiAV_laL'Qn Technology -



Roadmap of Ammonia Supply Chain

m E

Existing Supply Terms & Conditions I

Natural Gas _ _
FS, En%:neerlng

Supply of CO,-free

+ CCS/EOR Ammonia
I ! | Supply of
Renewables Engineering of Small Start of Small Demor.stration S Copf)fy
Demonstration FS & Engineering of Large Scale Supply ’ 2 ree,
| I I Ammonia
. : : I
Utilization I ! |
| 1 .
Coal power plant ,
P P FS _ , Implementation
(~1,000MW) Engineering
| | 1
Industrial Furnaces Development & TP S ——
SOFC Commercialization plementatio
Small size GTs e : . : :
(~0.3MW) Commercialization Implementation
1 | |
Middle size GTs Development & Commercialization Implementation
(~2MW)
| | |
Large size GTs S - N —_— D
evelopmen ommercialization mplementation
(100MW ~) P P

| | |
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Demonstration of Hydrogen Society

ey

i High temperature Hydrogen from unused renewable

/

| = |

{ =

: P : i g water vapor digester gas, biomass, etc.

! electrolysis : .

s = Refinery hydrogen, -

\ = By-product hydrogen, Frocuction

F 3 - B Hydrogenation Gas reforming hydrogen
¥ (electrolysis etc.) - .

Renewable energy : . =) MCH Ammonia

Liquid Hs
Compressed
hydrogen hydrogen 6 NH;
| | 0
H2 Transportation and storage as an energy carrier
§
' i NH; 1
Hydrogen Ammonia Hydrogen storage | Hydrogen PEFC : . Dehydrogenating [
power power emergency power ® Ammonia SOFC SOFC tri-generation M
generation generation | E w - -
> = —— E T
= J . station
| |
The use of waste heat I FC Bus
from FC systems for FC Boat
air conditioning FCV ~
hot water supply etc. m A e,
Energy management for buildings, housing Operation of buses by ART system
and facilities ( Hydrogen‘ heat, ) Advanced Srnart (Advanced Rapld Transit)
For Low-carbon, BCP(Business continuity plan) community :
' to take advantage of

o -

Y

the hydrogen L E

Realization of Society 5.0 using Al - loT for optimum control of hydrogen, heat and electricity, |
19

and integrated control of energy and transportation.



Thank you for your attention.

a,
( € T T, Cross-ministerial Strategic
— A4 Innovation Promotion Program



