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Basic Structure of Paris Agreement (PA)

Long-term Global Global Stocktake NDC and Long-term
Goal: » - NDCs are to be Strategy:
- Keeping temperature internationally and - All of the member nations
rises to well below 2°C comparatively reviewed are required to submit their
relative to pre-industrial and evaluated from the emission targets as the
levels, pursuing 1.5°C, and viewpoint of meeting Nationally Determined
- Achieving net zero GHG long-term targets. Contribution (NDC),
emissions (Carbon - Pledge & Review
Neutrality) in the latter - NDCs are updated every
half of the 21st century. five years
- Submit Long-term Strategy
toward 2050 by 2020.

COP21(Dec. 2015, PA was adopted). PA enforced (Nov. 2016).
COP24(Implementation scheme excl. market mkm agreed). US notified UN of Paris
climate accord withdrawal (Nov. 2019), COP25



Policy of Japan for Innovations in Energy and Environment

Paris Agreement (framework after 2020 covering all major countries) :
Adopt(2015) — Effective(2016) — Implementation scheme(2018 ; exc. market mkm)

5t Basic Plan for Science and Technology decided in Jan. 2016: proposing
Super Smart Society (Society 5.0))

5t Strategic Energy Plan of Japan decided in July, 2018 :
Target for 2030 maintained, Vision for 2050 as an ambitious goal

IPCC 1.5°C Special Report (2018) : net zero emission required in 2050

G20 in Japan (June 2019), Long-term Low Emission Development Strategy
was submitted to UN.; G20 Innovation Action Plan in Karuizawa

Sept. 2019: International meetings for Hydrogen and Carbon Recycling

Oct. 2019: Green Innovation Week (TCFD Summit, ICEF, RD20)

Progressive Environment Innovation Strategy was decided (Jan. 2020)

Coming: Nov. 2020 : election of US President, (G7 in the USA)



Categorization of deep emission reduction scenarios R[[&
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Highlights of Japan’s Long-term Strategy under PA

Proclaiming a “decarbonized sodety” as the ultimate goal and aiming to accomplish it ambitiously as early as possible in the second half of this century,
while boldly taking measures towards the reduction of GHGs emissions by 80% by 2050

Chapter 3: Cross-sectoral Measures for Achieving
a Virtuous Cycle of Environment and Growth

Section 1:|Pr'orn otion of Innovationl

‘Promoting innovation for pradical application and wide usage of cross-sectoral decarbonizing technologies leading to drastic reduction
of GHG, adhieving the cost to enable adoption in the society

(1) Progressive Environment Innovation Strategy
SO AT e T A o, g provision of provision of the resources from both the public and private sectors, seeking
out and creating potential technologies in Japan and abroad, setting challenges based on the needs, strengthening support for making
it to the business case
‘Challenging R&D, and enhanang alliances among R&D institutes with fadlitation of international joint R&D activities
[Research and Development 20 for clean energy technologies{RD207]
-Target seting and wisualizing of issues for commeraalization
- Realiang hydrogen cost equivalent to existing energy: e.g. lowering manufacturing cost of CO--free hydrogen to 1/10
- Realizing produds utilizing CCU/Carbon Recyding at the level equivalent to existing produds in terms of cost, nuclear power{sud as
Reactor, Fusion)

(2) Innowvation in Bconomic and Social Systems/flifestyle
Section 2: Promotion of Green Finance

-Appropriately ®visualizing” corporate initiatives in innowvation and mobilizing finanoe for innovation by financial institution s

( 1) Mobilizing green financa through Disclosure including TCFD* and dialogue #Task Force on Clirmate -related Finandal Disclesures
‘Industry: Expanding on the TCFD Suidanoe/Scenario Analysis Guide f Finandal sedtor: Formulating & guidanoe on green inwestment
‘Creating a venue for dialogue betbween industries and financial sector (TCFD Consartium )

-Promoting disaussion and sharing the above initiatives with the world {TCFD Surmmit)

(2) Promoting inibdatives to expand ESG finance
‘Promoting ESG finance {Support to the issuance of green bonds, encouraging local ESG finance),
the developrment of ESG Dialogue Platfoarm, enhandng ESG finance literacy, ESG Finance High-Level Panel

Section 3: Business-led Promotion of International Application, and International Cooperation

-Promoting international applicaton of products and goods with high environmental performancef
promoting co-innovation benefiting participants from both countries

(1) Promoting international applicaton of decarbonizing technologies together with policy and institutdonal support and rule-making
‘Promoting wider application of decarbonizing technologies and reductions of GHG emissions through improving business environment
by working for institutional development in partner countries and leading international rule-making {e.g. establishing public and private-
sector initiatives in ASEAN, and creating appropriate international frameworks for using market-based mechanisms)

(2) Strengthening Development and Investment of infrastructure contributes to reduction of CO., emissions
‘Promoting development and investment of energy and urban/transport infrastrudture abroad in order to contribute to the global
reduction of COZ emissions consistent with the long-term goals stipulated in the Paris Agreement (e.g. renewable energy such as
offshore wind power and gecthermal power, hwdrogen, CCS&CCU, Carbon Recvcling, smart cities)

(3) Building basis for decarbonized society on a glebal scale
‘Supporting partner countries in the formulation of MNDCs and mitigation plan, enhancing transparenoy in the entire supply chain




Outline Of Progressive Environment Innovation Strategy (Jan. 2020)
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® Innovations in Progressive Environment Innovation
Strategy (yamaji’'s Understanding for the System of Innovations)

Energy Conversion : Industry :

Renewables Free from Fossil Resources
Flexible Power NW - |Electrification|

Hydrogen Supply Chain CO, Recycling

Innovative Nuclear Tech.

Low Cost CO2 Capture Agriculture and Others :

=CCUS Reduction of Methane-N,0
Increase in Sink (Soil/Forest.

Transport : Blue Carbon)
Diversified Green Mobility Smart Agriculture

N DAC
Building : _ General Purpose Tech. :
More Energy Conservation Digital Tech. (Big Data. Al.
Smart City Blockchain, +-+)

Social Innovation (Sharing,

Power Electronics. Material.
Tele work, etc.)

Energy Storage. Sensing.
Biotech.. etc.
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Moonshot Goal No. 4:

Realization of Sustainable Resources Circulation to Recover the Global Environment by 2050

The mission of this Moonshot Goal Candidate is to develop technology for reducing the
emissions of greenhouse gases and pollutants to contribute to the recovery from the on-
going issues of global warming and environmental pollution. The concept of the this

CO,

theme consists of two pillars of “Cool Earth” and “Clean Earth”
ﬁ/l.lse_\'
b\
o ,FCy
Emission ‘\‘\.\\ - \. Use % o\.o\‘ Q
(* i A \ Q J Limitation of 9@
\ Resource
& \\‘ Consumption Circulation @
‘ §/ & Recycle
Resource Cool and Clean

Consumption

Production
Global

warming
Production (\\

Earth

Disposal
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Challenge: €0, recovery from atmosphere (DAC), and Recovered CO, can
be converted into fuel and/or various chemicals as a raw material (CCU)

FUE‘|l Combustion 7 -Absorption
b -Adsorption
xnaust gas ‘Membrane, etc.
C0,10~20%
CO, capture —‘
€0,>98%
rCOz capture r
Atmosphere
CO, 400ppm
N, 79%
0, 21%

> CCS
CO, storage
— CH, Methanol | ) Fuel
CO, free
| Alcohol
> CCU —>
H, Polycarbonate |
CO, utilization | + Chemicals
Catalyst |5 Olefine
_|_
‘Heat
-Light
‘Microorganism
s Carbonate BU|Id|r.1g
materials
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AGfO, Energy of Formation (kJ/mol)

Challenge to Use CO, (chemically stable material)

Gasification
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Cost for CO2 Removal (DAC as a Backstop Technology)

all global emissions — all global emissions
° 100% mitigation —— e 100% mitigation —»

DACS COSTS TODAY /] 2P0 Ve °100/tC0;
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tons of mitigation required tons of mitigation required

Relationship between cost and introduction amount of DAC

Source: Direct Air Capture of Carbon Dioxide Roadmap {ICEF 2018)
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Estimated Supply Curve for CCU
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Direct Air Capture + CO, Utilization/CO, Storage

Energy Required ! nima
Low CO, AIR
AMBIENT AIR /
—3 DAC —4 Manufacturer s cONSUMER

A&

HYDROGEN e
ENERGY ENERGY ENERGY
UTILIZATION
ENERGY

Energy resource should be zero/low CO, emission

(Source: Atsushi INABA, How to evaluate technologies?, Moonshot International Symposium, Dec. 18, 2019)

16



Structure of Climate Change Response

Human Needs

 §

'y _

:

\

Energy - Material = Information./ Human Activities

Energy Efficiency T
Material Efficiency T

I

CO, Emission./ Energy* Material * Information

|

2

Impact of Climate Change.” Temp. Rise

L |

<e—| Residual Damage by Climate Change

CO, Concentration.” CO, Emission CCS, Ccu _
Emission of Non CO, GHG Afforestation. DAC
-~
Temp. Rise.” GHG Concentration Climate Control (SRM etc.)

ICT replace Ene./Mat.
Low Carbon Energy

Low Carbon Material
+low carbon information

»| Human Activities Change of Society and Behavior €— Society 5.0

> Mitigation
( CO,Reduction )

'\

Adaptation to Climate Impact

Climate Engineering
(Geoengineering)

> Adaptation

—/
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Source : Kenji Yamaji, 2006 : [Theory of 3E Systems Analysis] , Iwanami-Shoten (in Japanese) + modifications by KY



A Vision of Society 5.0 (“Super Smart Society) presented in
the 5t Science and Technology Basic Plan in January 2016

Realizing “Society 5.0" ("Super Smart Society”)

Around the world, initiatives that use networks and the Internet of Things {loT), centered on manufacturing
fields, are now coming out. In Japan, the use of such networking will not be limited to manufacturing. Instead, it
will be extended to various other fields in order to promote economic growth, the formation of a healthy and
long-living society, and social transformation. In addition, it will help the fruits of science and technology to
penetrate into all kinds of fields and spheres, and thereby lead to enhanced business capability and higher
quality services.

We will share our vision of the future, which is characterized by the sophisticated integration of cyberspace
with physical space (“the real world”) and work to enhance it, while further pursuing a series of measures aimed
at its realization, under the concept of “Society 5.0”.*

* The history of humankind reveals that the evolution of human society has been fueled by technological advances, with key steps along the

way as a hunter-gatherer society, agrarian society, industrial society, and, today, an information society. “Society 5.0" is next, and we'll
achieve it by mohilizing the full power of STI.

It is necessary to aim at “systemization” of services and businesses, system advancement, and coordination
between multiple systems. Therefore, we will promote the measures needed to develop a common platform for
this goal (called “Society 5.0 Service Platform”), through collaboration between industry, academia, and
government and the relevant government ministries.

18



Impacts of “Super Smart Society” (Society 5.0)

Society 5.0 is characterized by the sophisticated integration of cyberspace with
physical space (“the real world”)

Society 5.0 is capable of providing the necessary goods and services to the people
who need them at the required time and in just the right amount; a society that is
able to respond precisely to a wide variety of social needs; a society in which all
kinds of people can readily obtain high-quality services, overcome differences of
age, gender, region, and language, and live vigorous and comfortable lives.

Beyond energy saving, Society 5.0 promotes Information

sharing economy to shift the industry from » replaces Material
manufacturing to service providers leading

to a ultimate circular society. @
Care for Rebound Effects

1) car/ride share — car | — car productions | — material needs | — energy/CO, |
2) smart maintenance — component replace| — material needs | — energy/CO, |
3) IC tag for all component — recycling rate 1 — material needs | — energy/CO, |

19



Possible huge rebounds by Innovation

France — Mobillity by Travel Mode

(passenger-kilometers per day per person)
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Image of standard scenarios by models and
scenarios required for deep cuts in a real world

Model world:
Ordinary technoloqgy progress

N\

CO2
emission

Intervention scenari

v

(additional costs)

N

Carbon
price Carbon price/

Marginal abatement cost

>

[ =
Reseorch Institute of Innovative
Technelagy fer the Earth
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Realistic world requirement:
Innovations stimulated & implemented

N

7 - Baseline

7 \scenario

CO2 7/
emission By technology
N and social
Intervention scenari sinnovations
~

N\

(additional costs)

Carbon

rice o - .
P Implicit or explicit carbon price/

Marginal abatement cost

N
>

deep emission cuts.

High carbon prices of over 100$/tCO2 in real price are unlikely to be accepted globally in a
real world. Technology and social innovations which will bring low (implicit or explicit)
carbon prices (including coordination of secondary energy prices) are key to achieve




Innovations in end-use technologies through IT and A'uﬁ!l%

Technelagy fer the Earth

and the induced social changes 2

 Energy consumption is not our
purpose, but is just a phenomenon

ﬁ e &0 accompanying with consumption of
- @ = goods and services, which is
5 Watts > = = Power conducted for our welfare increase.

Energy embodied in goods and
services must be taken into account.
-4 — * The end-use products and services
= ® ' @ Stand-by will usually diffuse rapidly, and the

e : energy use embodied energy and CO, may

-
u decrease rapidly.
° B =
-

- w =2
Sirius radio @ " White nois

-

2.5 Watts

75 kWh

o

0.1 kg . cords

Source: [IASA 7 - O Embodied energy

Weight

There are large opportunities to achieve
social changes and to increase energy
efficiency through fully autonomous
cars, food systems, etc. which can be
induced by innovations of |oT, Al etc.

Operation ratio of
automobiles is about 5%.
The large room for the
improvement exists by
the achievement of fully

autonomous cars.  F SR



Pathways to Net Zero Emission
~_ Super Smart Society (Society 5.0)

Integration of Energy and ICT <— ,7 |oT, Al, Big Data, Blockchain, Smart Sensor, ...
K

Mobilize demand side Social system reform: material producer - service provider, etc.

DR, V2G, VPP, etc. ,/ —> utilization rate up, recycle up, longer life, etc.

Reduced material demands, Behavior change, etc.

Revolutionary Energy Saving through Carbon Free Power Source:
Electrification and Digitalization of Energy Renewables, Nuclear,
(EV, PHEV, FCV, Heat Pump, Fossil Fuel with CCS

ecarbonlze industrial hgat
Energy \

Storage > C(lean and EfflClent Energy Carrier <€
Battery, PtX.. J (EIectr|C|ty, Hydrogen etc.)

new power network <. -.‘..

*

Carbon Free Fuel:
Biomass, Fossil Fuel
with CCS, etc.

*
*
'S *
LN

Power sector will be requested to be negative
emission in Global Net Zero Emission Scenarios:

BECCS(Bioenergy+CCS) should be comparatively
evaluated with other options such as afforestation, “ SDGs
CO, use, geoengineering (DAC, (SRM) ...), etc.
+ Adaptation Keep Options as Many as Possible! »;

Carbon Free Heat Source:
Solar Heat, Geothermal, etc.
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