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Renewables are the backbone of clean energy systems

World grid-connected electricity generation by power station type
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* A massive shift in the electricity mix — Almost 70% of electricity will come from solar and wind in 2050

* |Increasing share of wind and solar PV requires greater flexibility to ensure the security of electricity supply

* Grid infrastructure (domestic and cross-border) and other flexibility resources are key to integrate wind and solar

o Grid, transmission and distribution, will both double in length
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In 2050, the electricity system will be dramatically
‘ ERRA different than toda
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No one-fits-all solutions: different power sector structures, liberalization level and VRE integration challenges

ERRA High VRE penetration raises integration challenges
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Seasonal storage and use of

Key transition synthetic fuels or hydrogen
challenges Longer periods of surplus or \ _’® Phase 6. Seasonal or inter-annual
deficit of energy surplus or deficit of VRE supply

- *® 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

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

Greater variability of net load and

Plant retrofits, improve grid
infrastructure,

[

-

patterns of the existing system
g @ Phase 2. VRE has a minor to moderate impact on system operation
a Integrate VRE forecasting in
economic dispatch

. _ Flexibility optionsto

enable transition

—\
— 2

Source: |IEA 2019, Status of Power System Transformation 2019

Integration of VRE might become a challenge since no or limited market-based mechanisms are available

Expansion of variable renewables require a more flexible power system

The growth of renewables has not been homogenous across countries (liberalized markets leading)
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‘ ERRA  |mpact of high wind and solar penetration
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Share of wind and solar generation in 2015 and 2022
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2015 (left column, in diagonal stripes) 02022 (right column, in solid colour) & 2024

O Phaze 1 - Mo relevant impact at system level B FPhasze 2 - Minor to moderate impact on system operation
OPhasze 3 - VRE determines the system’s operation pattern OFPhasze 4 - VRE meets almost all demand in some periods

OPhase 5 - Growing amounts of VRE surplus (1 day or more)

Source: [EA 2023, Renewable Energy Update

* |Impact of high VRE penetration

- Technical - operational
challenges and energy security

- Economic - Congestion leads to
the risk of low-cost RE
curtailment and drive up costs.

- Regulatory - market design,
incentives for flexibility
resources

* Viet Nam leads the growth of
renewables but facing challenges

- Wind and solar capacity
increased from 0.5 GW in 2015
to 25 GWin 2022

- Operational and regulatory
challenges become the main
issue in a short timeframe.
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5 ERRA Flexibility resources are key to integrate VRE
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Electricity Grid

* Cross-border interconnections

* Appropriate policy,
market and regulatory
frameworks can
enable participation
of flexibility resources

 FACTS devices, special protection schemes, DLR

Generation

* |Inertia, fast frequency response, primary response
* Cycling and quick start;

* Grid codes, ancillary

Storage service requirements
* Battery (short-term), Pumped Storage Hydro (medium term) and remunerations
' : ° ge T are needed

e Hydrogen (long-term)

Demand response

* Demand side options (e.g. load shifting)
* Smart meters
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‘ ERRA All generation technologies can provide flexibility

Frequency response from a wind plantin Ireland

Fast frequency response capability of different generation technology Curtailed
urtalled response

FFR technology capability
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Source: AECOM (2020):e demonstration of Inertia Based Fast Frequency Response

* Generating plants (conventional and VRE) are technically capable to provide flexibility —i.e. frequency response

* Market frameworks and regulations are key to enable participation from all power system assets to provide
system services (primary, secondary response)

o Regulations - Grid connection codes

o Market incentives - Ancillary service markets
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‘ ERRA Battery is now the main flexibility provider

Figure 48 Batteries further grew FCAS market share Figure 4% Increased enablement for batteries and DR
FCAS volume market share by technology — Q4 2023 Change in FCAS enablement by technology — Q4 2023 vs 04 2022
m Contingency Raise mContingency Lower
= Battery = 400 -BRegulation C Met change
= 300 -
= Black Coal 2 200 -
= 100 -
Hydro = Q0 -
]
a '1':"::' 7
= DR o -200 4
n Cos @ -300 -
= Brown Coa = > T T & T B x & 95
< : 8 8 8 £ 3EEFL Z
= O O = b = = 3
Other o= L
m 5 o
m ﬁﬁ -

Source: AEMO (2024), Quarterly Energy Dynamics Q4 2023

Changes to connection codes and market rules enable participation of energy storage resources.

Regulatory innovation is needed to unlock multiple benefit streams for storage resources in a system-effective manner.

In the Australian National Electricity Market (NEM), battery is the main source of Frequency Control Ancillary Services (FCAS)

Prequalification requirements and the design of system services are key to incentivize and enable the services from battery
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ERRA Regional interconnection plays a key role to support
o RE INtEEration and decarbonisation
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The regional approach will require

%u% 3.75 mil km

ASEAN Interconnector Study

of additional electrical infrastructure

The regional approach will reduce the need of

& 600 GW @ 13%

L ]
[ 1
L 1

I less solar capacity to be installed footprint reduction
|:47:|J 1.2 TWh i 16 TWh
2
electricity storage T T hydrogen storage

* Regional cooperation in cross-border trading plays
a key role towards decarbonisation in 2050

* Sharing low-cost and low-carbon resources

Electricity flow

* Significant economic and environmental benefits
Hydrogen flow

Key exporter o Reduce resource requirements and footprints
Key importer o &= o o Net-zero emission vision

Self-sufficient or mainly flow- ®

through
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ERRA potential value of cross-border interconnections
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Estimated costs for decarbonising ASEAN power systems
mRenewables NPV Storage NPV mElectrolyser NPV mInterconnector NPV Hydrogen network NPV

. l —nv
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5 34 Fibac

3.0
22

Individual Approach Moderate Interconnection Regional Optimization

e Economic benefits * Enhance energy security

- $600 million cost savings in decarbonisation - Sharing of reserve between systems

- Larger geographical spread can smooth the

- Savings in peak capacity needs
variability of overall VRE generation

- Allowing sharing of low-cost renewables and ' - '
enabling power trade between the systems. - Diversification of demand and generation patterns
- Sharing of flexibility resources (i.e. storage)
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‘ ERRA Challenges to implement regional integration
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Technical

Financial and
economic

Policy and
regulatory
framework

Concerns over energy security due to unreliable domestic grids
Impact of high RE penetration leading the country to prioritise domestic grid

Limited technical expertise in building and operating cross-border
interconnections (both HVYDC and HVAC)

Uncertainties on funding source, ownership structure, and remuneration.

Vertically integrated market structure - investment in power grids needs
support from governmental and private stakeholders

Limited financial resources of electric utilities and governments to investin
grids, including cross-border interconnectors

A diverse set of policies and market structure among ASEAN countries
Uncertainty in political will and institutional arrangements

Lengthy regulatory process in permitting and licensing

DNV | 11



‘ ERRA Priorities to support regional integration in ASEAN

21* Annual Conference
EneErGY REGULATORS ForuM

2023 2030 2035 2040 2045 2050

N Establish a taskforce and increase
LT coordination

Coordinate and Conduct small-scale pilots
harmonize regional

policy framework Setting a consistent and coordinated

Learn from other regions and sectors S | P i T T

Policy support for interconnector

gl
financing and de-risk investment

Address financial Remuneration certainty and clarity on transmission ownership

risks and

uncertainty to
unlock investment Regulatory streamlining for technology

X5 Establish a local supply chain for
%% grid components in the region

Secure supply Set common procurement processes

chain and resource and technical specifications
development in

Southeast Asia Develop local human resources
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-~
& ERRA Keytakeaway

* Solar and wind will be the main source of electricity generation as part of clean energy transition
and decarbonisation

* High penetration of wind and solar present challenges to the power system due to their variability
and uncertainty

* Flexibility to facilitate renewable integration can be provided by all system resources - generation,
electricity grids, storage and demand response

* Cross-border interconnections can provide significant benefits and play a key role towards
decarbonisation but challenging to develop and implement

* Need harmonised regional policy and regulatory framework.

 Engagement of policymakers, regulators, system operators and industry is key.
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