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1. Trends of global GHG emissions
and response measures for achieving
carbon neutrality
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Global GDP v.s. electricity consumption
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The strongly linear relationship between global GDP and electricity consumptions exists
and continues.




Response measures to climate change
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Image of Primary Energy in Japan
for Net Zero Emissions (1/2) T

[Domestic primary energy supply]
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Image of Primary Energy in Japan RIT&
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for Net Zero Emissions (2/2) s
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2. Outlooks of emissions reductions
toward the Paris long-term goals
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CO, emission intensity of electricity in Japan
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CO, emission intensity in iron & steel in Japan -
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Final energy consumption in transport in Japan=-=
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Comparisons in CO2 marginal abatement costs RIT&
between the scenarios by the IPCC and this study ",
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Comparisons in carbon prices between RlT&
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the scenarios by the NGFS and this study s
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3. Analyses on a low-energy
society induced by DX




IPCC report: Impacts of DX on energy consumptions andg|i&
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on energy consumetlons and CO2 emissions

IPCC report: Impacts of sharing- and circular-economy RT&
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‘High-with-Low’ Narrative Scenario

high wellbeing with low resource use

decent living
standards

inclusive, decentralised innovation,
with social support mechanisms

adaptability to local needs,
and local learning

CROSS-
CUTTING
LINKAGES

peer effects and
network effects

managing complexity on
shared infrastructures

digitalisation i i
g < > innovation

coordination and
governance

Source: EDITS WG3 Narratives group (Arnulf Grubler, Greg Nemet, Shonali Pachauri, Charlie Wilson), The
'High-with-Low' Scenario Narrative (2022)
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Circular-economy (CE) related Assumptions (1/2) A=

21

Changes due to
digitalization

Direct impacts

Indirect impacts

Model assumptions (tentative)

1) Ride and car-
sharing associated
with fully
autonomous cars

Energy consumption
reductions due to ride-
sharing

- Reductions in consumption of
basic materials, e.g., iron and
steel, plastics, tire, glass, and
concrete, due to reductions in
number of cars associated
with car-sharing

- Reductions in freight shipping
=> 8)

- Iron and steel production: -4%
compared with standard
scenarios

- Plastic production: -1%

- Tire production (for cars): -28%

- Glass production (for cars): -28%

- Cement production: -1% (only for
multi-storey car park)

2) Virtual meeting
and teleworking

Reductions in travel
service demand and the
associated reductions
in energy
consumptions in
transport sector

- Potential reductions in
numbers of commercial
building, and the resulting
reductions in iron and steel,
concrete, and others [Not yet
considered]

- Reductions in person-km travel by

passenger cars, buses, and aircraft
by 10%

3) E-publication etc.

Reductions in paper
consumptions due to
large deployment e-
publications etc.

- Potential reductions in freight
services for papers. [Not yet
considered]

- Reductions in paper/pulp by 20%

4) Recycling and
reductions in
apparels due to e-
commerce and
other digitalization

Reductions in energy
consumptions for
apparel productions

- Potential reductions in
energy consumption at
shopping centers etc., and
the resulting reductions in
iron and steel, concrete, and
others [Not yet considered]

- Reduction in new productions of
apparels by 20%. No explicit
modeling for apparels in DNE21+,
and corresponding reductions in
energy consumption in textile and
leather sector by 20%

Red: residential sector, Green: commercial sector, Blue: transport sector, Purple: industry sector , Brown: Non-CO2 GHGs etc.
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Changes due to
digitalization

Direct impacts

22

Indirect impacts

Model assumptions (tentative)

5) Longer life time of
buildings due to
improv. in city
planning

- Potential Reductions
in cement and steel
due to longer life time
of buildings

- Longer lifetime of building: +40%;
the related reductions in cement (-
3%) and steel (-3%) productions

6) Reductions in food
losses due to better
demand projection

- Reductions in
nitrogen fertilizer,
plastics, etc. and the
resulting energy
consumption
reductions

- Potential reductions
in energy
consumption at
supermarkets etc.

- Red. in CH4 and N20

Reductions in freight
shipping services => 8)

Pot. red. in construction for
supermarkets etc., and the
resulting reductions in steel,
concrete, and others [Not
yet considered]

Pot. increases in
afforestation due to
increase in rooms of land
area [Not yet considered]

- Reduction in petrochemical
products including ammonia by 1%

- Reduction in plastics by 1%

- Reduction in paper and pulp by 0.5%

- Reduction in transport services by
1%

and others

(according to I/0O analysis results)

- Reduction in CH4 and N20
emissions: -493 MtCO2eq/yr in 2050

7) AM (3D-printing)
for applying aircraft

- Reduction in
aluminum and steel
production

- Reduction in
electricity for
productions

Energy efficiency
improvements of aircraft
and the energy
consumption reductions
Energy efficiency
improvements of cars and
the energy consumption
reductions [Not yet]

- Red. in aluminum and steel prod. by
1% and 0.02%, respectively

- Reduction in elec. consumption by
1%

- Increase in energy efficiency of
aircraft by about 10%

8) Red. in freight
shipping services due
to red. in basic
materials and products

- Energy consumption
reductions in freight

shipping

- Reduction in freight shipping
demand by 1%

Red: residential sector, Green: commercial sector, Blue: transport sector, Purple: industry sector , Brown: Non-CO2 GHGs etc.




Scenario assumptions Rl
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Emissions Energy demand reductions due to mainly digitalization Rapid cost red. | Demand
reduction T o e e | Soill in granular flexibilities in
1)ransport zeglj.) s)u' ding 6)°°d 7|;dustry 8)p' OVer | tech’s, e.g., PV, electricity
» Wind, EV (EV, HP, CGS)
BL-Std Baseline — — — — — — — ==
- (non specific
BL-Mobil Sfreie X
BL-Resid policies) X
BL-Build X
BL-Food X
BL-Ind X
BL-All_CE X X X X X X
BL-All_CE+FL X X
BL-All_CE+FL X X X
B2DS-Std B2DS — — — - — — — —
- (well below
B2DS-Mobil ZC, NDCs in X
B2DS-Resid 2030; X
CN by 2050
B2DS-Build in G7 X
B2DS-Food countries) X
B2DS-Ind X
B2DS-AIll_CE X X X X X
B2DS-All_CE+FL X X X X X
B2DS-AIl_CE+FL X X X X X X X X
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Changes in global final energy consumption RI1&
under the CE scenarios 24
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Changes in global GHG emissions under
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Baseline (w.o. specific climate policies)

GHG emissions [MtCO2eq/yr]
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Changes in global final energy consumption

under the CE scenarios
B2DS (well below 2 °C)
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Reductions in energy systems costs:under CE scenarios (Billion USD/yr)
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Conclusion

While most of the countries set ambitious long-term goals, the real global
emissions are still increasing. The leakages of CO2 intensive industries from
developed to developing countries can be observed.

Several options of emissions reduction, including energy savings,
electrification, renewables, nuclear power, CCUS/CDR, batteries/energy
storage, hydrogen-based energy source (e.g., hydrogen ammonia, e-methane,
e-fuels) will be required for achieving CN. There are no silver bullet
technologies, and all the technologies have uncertainties in technology
improvements in the future and some social constraints. A risk hedging
strategy having plural scenarios will be required.

Large emissions reduction costs are estimated for CN. Achieving a low
energy demand society induced by DX can help reduce the costs. It is
important to implement DX for green transformation GX, while the policies
with cross-sectoral measures are not easy.

The emission reduction measures in transition toward CN are also important.
The cost-efficient measures are different across regions/countries and
sectors. The measures without cost-efficient could induce industrial leakages
and hinder the emissions reduction at a global level.

Sharing such scenarios with comprehensive and quantitative analyses with
several stakeholders will help an effective emissions reduction.
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Three assessment models for climate change

mitigation in the NGFS scenarios

Source: NGFS (2022)

Integrated Assessment Model

Short name

GCAM 5.3+

GCAM

MESSAGEix_GLOBIOM 1.1

MESSAGEix-GLOBIOM

REMIND-MAgPIE 3.0-4.4

REMIND-MAQgPIE

Solution concept

Partial Equilibrium (price
elastic demand)

General Equilibrium
(this version has fixed
demands for materials)

REMIND: General
Equilibrium

MAGgPIE: Partial
Equilibrium model of the
agriculture sector

Anticipation

Recursive dynamic
(myopic)

Intertemporal
(perfect foresight)

REMIND: Intertemporal
(perfect foresight)

MAgPIE: Recursive
dynamic (myopic)

Solution method

Cost minimisation

Welfare maximisation

REMIND: Welfare
maximisation

MAGgPIE: Cost
minimisation

Temporal dimension

Base year: 2015
Time steps: 5 years
Horizon: 2100

Base year: 1990

Time steps: 5 (2005-2060)
and 10 years (2060-2100)

Horizon: 2100

Base year: 2005

Time steps: 5 (2005-2060)
and 10 years (2060-2100)

Horizon: 2100

Spatial dimension

32 world regions

12 world regions

12 world regions

Technological change

Exogenous

Exogenous

Endogenous for Solar,
Wind and Batteries

Technology dimension

58 conversion
technologies

64 conversion
technologies

50 conversion
technologies

Demand sectors and
subsector detail

Buildings (residential and
commercial buildings
with heating, cooling, and
other services), Industry
(Cement, Chemicals,

Buildings, Industry
(Cement, Chemicals,
Steel, Non-ferrous
metals, Other), Transport

Buildings, Industry
(Cement, Chemicals,
Steel, Other), Transport
(various modes and
technologies)
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Global CO2 emissions and sectoral emissions of RIT&
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