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Energy Consumption, CO, Emissions & Renewable Opportunities

Current Energy Consumption
* Global demand continues to rise, driven by industry, transport, and digital
infrastructure.

* Heavy reliance on fossil fuels (oil, coal, natural gas) still dominates the energy
mix.

CO; Emissions Impact

 The energy sector accounts for ~73% of global greenhouse gas emissions.
e Rising emissions linked to climate change, air pollution, and health risks.

* Urgent need for decarbonization to meet 2050 net-zero targets.

Renewable Energy Opportunities

e Solarand wind now cost-competitive with fossil fuels.

* Battery Energy Storage Systems (BESS) enable stable integration of renewables.

* Policy tools (FIT/FIP schemes, carbon pricing) accelerate adoption.

* Potential to reduce CO, emissions by 40—-70% by 2050 with renewable
deployment.




Japan’s CO, Emissions and Long-Term Decarbonization Strategy
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Japan’s Path to Net Zero Japan — FY2040 Power-Mix Targets
by 2050 (Seventh Strategic Energy Plan, Outline)
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[Kiko Network, “Japan’s Path to Net Zero by 2050,” accessed Oct 20, 2025, https://kikonet.org/en/content/31180
[METI, “The 7th Strategic Energy Plan — Outline,” accessed Oct 20, 2025, www.enecho.meti.go.jp/en/category/others/basic_plan/




From Conventional Power Grids to Intelligent Smart Grids

Japan’s National FIT/FIP schemes
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Smart Solar Carport: Off-Grid Energy Storage with Al and EV
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Vision and Motivation/ > 3 > & B

 Sustainable Power: Harness solar energy for EV charging, reducing grid
dependency and carbon footprint

» In Japan (2025), installing solar panels typically costs between ¥840K and
¥1400K per kW

» Panels in Japan generally achieve 20-23% efficiency, similar to global averages.

» A 4 kW system can generate 4,000—4,500 kWh annually, depending on location
and sunlight.

» Fukushima and Tohoku regions have slightly lower annual solar radiation
compared to Tokyo, but still viable for residential systems.

* Al Optimization: Predictive control of solar input, battery usage, and EV
charging schedules

* Urban Innovation: Transform parking into intelligent, energy-generating
infrastructure

» Resilience: Ideal for remote, disaster-prone, or underserved regions




Smart Solar Carport: Off-Grid Energy Storage with Al and EV
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Vision and Motivation/ > 3 > & B
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Smart Solar Carport: Off-Grid Energy Storage with Al and EV
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System Overview

- Battery management system
Solar panels TEEa—— ==y

» T

Average efficiency:

20-22% efficient.
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- display the result on the Ul.
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Smart Solar Carport: Off-Grid Energy Storage with Al and EV
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System Overview
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For cloud map: Japan Meteorological Agency, “Weather Satellite Himawari,” accessed Nov. 25, 2025, https://www.jma.go.jp/bosai/map.html
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For weather data: Japan Meteorological Agency, ‘“Historical weather data,” accessed Nov. 25, 2025, https://www.data.jma.go.jp/risk/obsdl/index.php
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System Overview 2. EV Power Consumption Prediction
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On-site Field Experiment, UoA, 2021
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On-site Field Experiment, UoA, 2021 PCP (Traditional Power Multi-Stage PCP (Multi-StagePower . .
i S 11 0 Consumption Prediction) ~ ——— Consumption Prediction) Cloud Map Prediction
(a) Short-Distance Journey (b) Mid-Distance Journey Table 2. Evaluation of the cloud prediction method using Fukushima
56 cloud maps (comparative image pairs) [1].
30 E] 5.5
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*To2e
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1.7 = ( s ) 4.8
1.6
Pep Mult-Stage PCP Pep Mull-Stage PCP Table 3. Evaluation of the super-resolution-based cloud prediction
(c) Long-Distance Journey (d) All Scenarios method using Fukushima cloud maps (comparative image pairs) [1].
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[Japan Meteorological Agency, “Weather Satellite Himawari,” accessed Nov. 25, 2025, https://www.jma.go.jp/bosai/map.html
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V2G Energy Trading: Building Trust in the Grid
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N

centralized

decentralized

Centralized and decentralized energy trading system networks.
Its objective is to optimize efficiency, security, privacy, and scalability.
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V2G Energy Trading: Building Trust in the Grid
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Centralized and decentralized energy trading system networks.
Its objective is to optimize efficiency, security, privacy, and scalability.
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lllustration of a distributed power
system updated with a VPP and
energy storage departments.

The grid turns from the center of the
system to a necessary ancillary part.

The VPP now serves as an information
processing center, integrating the
power grid, energy market, renewable
and non-renewable resources, energy
storage systems, and energy
consumers.
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and
Topologies

(A) Onboard V2G [ (B) Offboard V2G %
£V OE | Orleere varer AC Alternating Current AC | power pc | Bidirectional Direct Current | ac Power
Batter — Electric Vehicle Supply —» EV Battery —  Electric Vehicle Supply —»
y DC - AC Equipment (AC EVSE) Grid Equipment (DC EVSE) Grid
# (EV) # (EV)
(C) Onboard V2G +
EV DC  Onboard Inverter AC BESS Inverter DC BESS DC BESS Inverter AC Power
— > ACEVSE—> 7
Battery DC - AC AC - DC Battery DC - AC Grid
& (EV) i
(D) Offboard V2G +
DC R AC R BESS Inverter DC BESS DC BESS Inverter AC Power
EV Battery > DC EVSE > — 8
AC - DC attery DC - AC Grid
(E) Offboard V2G +
DC | De/pc bc
EV Battery >
Module DC v
# (EV) chared DC B AC . Power Conversion AC , Power
are us >
System (PCS) Grid
e , DC/DC s t |
BESS Battery = Modul <
DC oaute DC

[1] Nissan, “Nissan to launch affordable vehicle-to-grid technology in 2026,” accessed Nov. 25, 2025, https://global.nissannews.com/en/releases/nissan-to-launch-affordable-vehicle-to-grid-technology-in-2026
[2] Kia, “Kia EV9 Bidirectional Charging (V2H and V2G) Successfully Trialled,” accessed Nov. 25, 2025, https://zecar.com/resources/kia-ev9-bidirectional-charging-v2h-and-v2g
[3] Volvo, “Battery Energy Storage System — Powering the Future,” accessed Nov. 25, 2025, https://www.volvoenergy.com/en/energy-storage/energy-storage.html
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» Each campus’ V2G control system (CS) works as
an information mediator between energy

consumers and EV suppliers.
BF¥ v RZXOV2G HIEH R T L (CS) 1F. TRILF—HEE
& EVHEHEE OB THERDOMPME E L THRELET,

» Each consumer connects and submits the energy

request to the energy exchange.
ZHEEIIZALF—EEIATICERL, TR/L¥F—ERZIRH
L£X9,

» In BoEV, the offer lists (EVs to CS) and notification

of discharge tasks (CS to EVs) are transmitted.
BoEVTIE, LU X b (EvhHCs~) EE X X7 0@ (Cs
NOEVA) PMEEINE T,

» Only necessary trading data is uploaded to keep
privacy and shorten the chaining latency.
MHEREG|T—RORN Ty 7A—RFEN, 774NN —%1R
EL, Fx—vOBEREZEMRLET,

Control System

Full Supply

Parking Lot 2

Consumers& 8 8

Reque t\ \ I'
Exchanges [,‘

Ordering
Organization
0

EVs and
Charging

= \ Stations

gt D\ A Blockchain Blockchain
ok 87 of Exchanges of EVs (BOEV) ".'('?.‘
578 Q Reques l (BoE) ‘
Consumers ﬂ
- \ System / o0
in Campus Py
R st
eque: / | \ m
Consumers% % % Endorsement Endorsement V2GNet
____________________________ System_

Certificate
Authority

Register l
EV,

Proposal l

Endorsement

//v EV; '—\\

Endorser T Endorser
Peer, Peer
Endorser
Peer

Submit
Transaction |

Ordering Organization

g Raft N

rder
Peer order
Peer

Overview of V2GNet for energy trading in a campus V2G network.
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Overview of the proposed blockchain of campus control systems (BoCS) among campuses based on the CS of each V2GNet.

€ The BoCS is where inter-campus energy trading is planned and recorded, and each CS is a node of the BoCS. Besides,
each campus’s CS serves as a blockchain connection between the BoEV and the BoE for that campus.
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Overview of the proposed blockchain of campus control systems (BoCS) among campuses based on the CS of each V2GNet.

24



V2G Energy Trading: Building Trust in the Grid
BT HEEBE

V2GI /L F—HuA| :

ZAURA N

Energy Offer and Transmission

EVs and
Charging
Stations

ﬁ A Consumy

Power Grid

D
Exchanges

. / Req uests

D
.«] ‘—Q‘_
.«] — &

._O|

1. The initial step in BoCS begins once any CS

completes and uploads the local trading plan to its
BoE and BoEV. The CS packs the data for its
unselected EVs and requests into a transaction,
then broadcasts it on BoCS. Once enough
transactions are collected within any pool, the
corresponding CS dispatch them for endorsement
and ordering, then package into a block. The block
is broadcast across BoCS for verification.
Download the overall request list and EV supplier
list.

Compete on trading planning SRET mechanism and
uploading the outcome back to BoCS.

Download and record the new block from BoCS.
Arrange energy trading accordingly.

Overview of the proposed blockchain of campus control systems (BoCS) among campuses based on the CS of each V2GNet.
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l Consumers

1.

Upload unselected EV suppliers and energy
requests.

After the block is verified, each node of the
BoCS proceeds to download the block,
extracting the associated lists and consolidating
these lists into an overall request list and an
overall EV supplier list.

Compete on trading planning SRET mechanism
and uploading the outcome back to BoCS.
Download and record the new block from BoCS.
Arrange energy trading accordingly.

Overview of the proposed blockchain of campus control systems (BoCS) among campuses based on the CS of each V2GNet.
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1.

Upload unselected EV suppliers and energy
requests.

Download the overall request list and EV
supplier list.

Each CS then competes on working out all the
feasible trading plans across request and EV lists
with Smart and Robust Energy Trading (SRET)
mechanism and uploading the outcome back to
BoCS. Only one transaction can be successfully
endorsed, packaged into a block, and
systematically verified.

Download and record the new block from BoCS.
Arrange energy trading accordingly.

Overview of the proposed blockchain of campus control systems (BoCS) among campuses based on the CS of each V2GNet.
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1.

Upload unselected EV suppliers and energy
requests.

Download the overall request list and EV
supplier list.

Compete on trading planning SRET mechanism
and uploading the outcome back to BoCS.

The new block is downloaded and permanently
recorded by all CS nodes of BoCS network. From
the block, each CS extracts the cross-campus
energy trading outcomes and notifies the
relevant consumers and EVs of their specific
trading details accordingly.

Overview of the proposed blockchain of campus control systems (BoCS) among campuses based on the CS of each V2GNet.
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From Sun to Grid: ELMED’s Role in Euro-Mediterranean Energy Security

1. Tunisia-Sicily-EU grid corridor, known as
the ELMED project, is the first electricity
interconnection using a High-Voltage Direct
Current (HVDC) submarine cable to link the
European and North African electricity gridsa.

* The project is a joint effort between the Tunisian
electricity grid operator, Societé Tunisienne de

I'Electricité et du Gaz (STEG), and the Italian grid
operator, Terna.

* The project is a "Project of Common Interest" (PCl)
for the EU and has received significant funding,
including a €307 million grant from the EU's
Connecting Europe Facility (CEF) program.
Construction is expected to complete by 2028.

* Energy Security & Diversification: It will enhance
Europe's energy security by diversifying supply
sources and providing access to potential future
green electricity from North Africa.
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Reference: https://elmedproject.com/
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