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Clean electricity is a key driver of decarbonisation Ied

Energy-related CO2 emissions by sector and gross and net emissions in the NZE Scenario, 2010-2050
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Source: |[EA (2022), World Energy Outlook

The power sector leads emissions reduction in 2030, but all sectors contribute to the net zero emissions goal, with
residual emissions in 2050 balanced by atmospheric removals

Page 2

IEA 2023. All rights reserved.


https://www.iea.org/reports/world-energy-outlook-2022

Announced pledges towards net zero will see huge growth in VRE shares |&CQ

VRE shares according to historical data and WEO2022 projections under the APS
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More countries are expected to deploy higher shares of renewables towards the end of the decade under WEO-2022
projections —including in many developing economies
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Annual vs instantaneous VRE share... Ied

2021 Annual VRE share and maximum hourly penetration
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As countries and regions are attaining higher shares of VRE generation, they are also experiencing much higher
instantaneous VRE infeed levels in certain periods of the year
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Phases of system integration and evolving priorities

Seasonal storage and use of

Key transition synthetic fuels or hydrogen
Phase 6. Seasonal or inter-annual
challen ges l(;o?g-?r ?erlods of surplus or @ surplus or deficit of VRE supply
eficit of energy

@ Phase 5. Growing amounts of VRE surplus

Power supply robustness during (days to weeks)

periods of high VRE generation
@ Phase 4. The system experiences periods where VRE

Greater variability of net load and makes up almost all generation

changes in power flow patterns _ . .
@ Phase 3. VRE generation determines the operation pattern of the

Minor changes to operating system. Greater swings in the supply/demand balance

patterns of the existing system
@ Phase 2. VRE has a minor to moderate impact on system operation

@ Phase 1. VRE has no noticeable impact on the system

1ed

Long term energy storage,

e.g. power to gas,
renewable fuel trade

Medium term storage, e.qg.
electrification

Advanced tech to increase

stability; digitalization and
smart grids; storage; DSR

Flexibility options to
enable transition

Key challenges in each phase that should be addressed for moving up to higher levels of integrating VRE in the

power system
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Planning ahead for system integration of variable renewables (VRE) [|&Q

VRE shares in total electricity generation* (2022)
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* VRE country shares for 2022 are based on estimates by IEA of both the VRE and total generation, USA estimates are based on hourly data from EIA
Various regions have demonstrated successful integration of VRE.
As we move towards even higher levels of VRE, we must continue expanding the flexibility of power systems.
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Power system flexibility occurs across different timescales

The ability of a power system to reliably and cost-effectively manage the variability and uncertainty of demand and supply
across all relevant timescales

Subseconds mssd» Seconds

Issues
addressed

Example
issue

Relevant to
integration
phase

Understanding the system’s current and future flexibility needs is key for all power system actors
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system stability

Withstanding large
disturbances

such as losing

a large power plant

Phase 4

Short-term
frequency control

Random
fluctuations
in power demand

s>  Minutes

=

Changes in the
supply/demand;
system regulation

Increasing demond
following sunrise or
rising net load

at sunset

Phase 2 and 3

Hours

=

Generation dispatch
and operation
scheduling

Decide how many
thermal plants
should remain
connected to

the system

Phase 3 and 4

Days

m=)»> Months ==
Scheduled Seasonal and
maintenance; interannual
longer periods of varable generation
surplus/deficit and demond

Hydropower availability during wet and

dry season

Phase 4 and 5

Phase 5 and 6

Years




System flexibility: Identifying and engaging with the right actor is key |&Qd

Institutions and actors Policy, market and regulatory Hardware and infrastructure

(“Who”) frameworks (“How”) (“What”)

Typical decision makers Categories of interventions Flexibility Asset types

|
;

Energy strategies
Energy ministry Legal frameworks

Policies and programmes

[

|

Regulatory frameworks and decisions

Regulatory agency Power sector planning exercises o

Retail electricity pricing

[

|

Power market rules and codes

System operator, electric
utility, standards body

System operation protocols

Connection codes

[
l

Source: |[EA, Status of Power System Transformation 2019 (2019)

A range of approaches to enhance power system flexibility are available at different levels of decision making. The
institutional context defines the set of instruments available to boost system flexibility.
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https://www.iea.org/reports/status-of-power-system-transformation-2019
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IEA analysis of evolving flexibility requirements



Daily flexibility requirements in a Indonesia in 2019 and 2050 APS Ied

Power system dispatch by technology in Indonesia under the WE0O2022 Announced Pledges Scenario
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Greater wind and solar development will be complemented by a very flexible demand, smart EVs and
flexible electrolysers, and various storage options.
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Sources of energy and services change on a pathway to net zero e

Energy and service contributions of different technologies to maintain electricity security in Korea, 2020 and 2035 APS
APS 2035
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Source: |[EA (2021), Reforming Korea's Electricity Market for Net Zero

The policy framework needs to evolve to recognise new sources of value in the power system and enable the
participation of a broader range of technologies
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https://www.iea.org/reports/reforming-koreas-electricity-market-for-net-zero

Opportunities of road transport electrification I2d
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Managed charging effects
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Source: |IEA, Electric Vehicle Charging and Grid Integration Tool

Managed charging unlocks demand flexibility, reduces peak demand and grid congestions,
and accelerates electricity decarbonisation.
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https://www.iea.org/data-and-statistics/data-tools/electric-vehicle-charging-and-grid-integration-tool

Analysis of long-term projections provides visibility of grid constraints o

Expansion of inter-regional electricity grids in Indonesia (2030-2050) under the APS scenario
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Source: |EA (2022), An Energy Sector Roadmap to Net Zero Emissions in Indonesia

Inter-regional grids can connect sources of renewables generation with demand centres as well as boosting access
to sources of flexibility

IEA 2023. All rights reserved. Page 13


https://www.iea.org/reports/an-energy-sector-roadmap-to-net-zero-emissions-in-indonesia

Past decade saw average investment in grids of USD 300 billion per |J&Q

annum globally
Energy sector investment, 2019-2023e
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Source: |EA (2023), World Energy Investment.

Public announcements by government and industry in terms of expected investment in the coming decades do not
clearly indicate strong commitments in comparison with renewables and end use electrification.
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https://www.iea.org/reports/world-energy-investment-2023

Development times for grids

Typical deployment time for electricity grids, solar PV, wind and EV charging

Utility solar PV Q\O
& a States
Offshore wind O

Car charging hub | s : O@ rLQ(L?)
Truck charging hub 6? '
DO\P\\/% ON\\$
P '

Sob ent.

Onshore wind

3 6 9 12 Years

ectricity grid deployment is complex, involves many stakeholders and can take many
years, which makes advanced planning critical to support clean energy transitions
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Renewable Integration and Secure Electricity unit

» The RISE has engaged in both country/
region-level work as well as deep-dives

into specific topics

 This has included reports, workshops and

other technical assistance in:

Brazil

Korea

India
Indonesia
China
Thailand
Morocco
ASEAN region
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Thailand’s Clean
Electricity Transition

How accelerated deployment of
renewables can help achieve
Thailand’s climate targets

1ea

Building a Unified
National Power
Market System

in China

Pathways for spot power markets

ea

Advancing Decarbonisation
Through Clean Electricity
Procurement

ea

Grid Integration of
Electric Vehicles

A manual for policy makers

Tt Aayog

Renewables
Integration in India

a
leq Kee*

Reforming Korea’s
Electricity Market
for Net Zero

lea

Enhancing Indonesia’s
Power System

Pathways to meet the renewables
targets in 2025 and beyond

lea

Steering Electricity
Markets Towards a Rapid
Decarbonisation

ea

Secure Energy
Transitions
in the Power Sector

Page 16
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