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No Transition without
Transmission

Grid Interconnection improves
Power System Flexibility
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Connecting beyond the national borders — example Europe Inspire the Next

Arctic regions
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Technically speaking — and looking beyond Europe — a global electricity network is also feasible.

© 2023 Hitachi Energy. All rights reserved. Source: Gerhard Salge: CTO, Hitachi Energy @HltaChl Energy



Interconnected power systems — pathways towards net zero ]EJI%?L'!L

Cross—Border Interconnection Capacity —8-540%
Installed Generatlon Capacity

ENTSO-E: Ten-year network development plan
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HVDC connections
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Regions are ramping up interconnection capacity to accommodate more time varying generation while maintaining high

HVDC Back-to-back connections

standard of reliability and resilience

© 2023 Hitachi Energy. All rights reserved. Source: ENTSO-E, https://tyndp.entsoe.eu/ @ Hitachi Energy

ENTSO-E: European Network of Transmission System Operators for Electricity



HVDC in ENTSO-E area HITACHI

Inspire the Next

HVDC applications today and in the future
2021 constructing

Planning, discussing + Renewable integration
+ Remote generation/load
+ Interconnection

+ DC links in AC grid &
upgrades

+ City center infeed

Europe already has more than 30 HVDC links in
operation & further 50 planned in the next 10 years *  Power from shore

IEA commentary on interconnection, August 2023: “In Europe, for example, cross-border trade of electricity is estimated
to have delivered EUR 34 billion of welfare benefits in 2021 compared to if national markets were isolated.”

© 2023 Hitachi Energy. All rights reserved. Source: ENTSO-E @ Hitachi Energy



ScotWind Leasing Round

Information on the 20 sites in ScotWind leasing round along with their
associated developers

ScotWind leasing round on the 17th of January 2022: 25 GW

Demand for Electricity in Scotland in 2030: 6 GW
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Degrees of Cross-border Power System Integration

« Thailand imports from Lao PDR
« Malaysia-Singapore (non-financial)

Multilateral, multidirectional trade & Southern African Power POOl (SAPP)

among differentiated markets

Mulitlateral, multidirectional trade
among harmonised markets

Unified (pooled) market structure,
differentiated operations ¢ NOFd POOI

 European Union Internal Energy Market

Unified market and operations e P/M

IEA 2019, All rights reserved.

Source: International Energy Agency
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Political will Harmonised technical Institutional
Intergovernmental standards (grid codes) arrangements

agreement(s) Harmonised wheeling Settlement and payment

Common working charge methodology mechanism

language Third-party access for Dispute resolution
external resources mechanism

Data and information
sharing

Interconnector
capacity calculation
methodology

IEA 2019. All rights reserved.







Indian Ocean
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—— Existing transmission lines
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Pacific Ocean
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East Timor

over any territory, to th

ies and to the name of any territory, city or area.

Note: Lao PDR = Lao People’s Democratic Republic.

IEA 2019. All rights reserved







Singapore commences first renewable
electricity import from Lao PDR

HIGHLIGHTS
Imports up to 100 MW of hydropower
Pathfinder towards establishing inter-connected, regional power grid

Up to 4 GW of imported electricity to power Singapore by 2035

June 2023







Bangladesh-India Interconnection (HVDC link)

INTERCONNECTION BETWEEN INDIA AND BANGLADESH GRIDS
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Bangladesh-India 400 KV Double-Circuit 1,000 MW Line

Allows Bangladesh to buy cheaper electricity
and solar electricity when available



Cross-border Multi-purpose HVDC systems: Interoperability is key HITACHI

Multipurpose / Multiterminal interconnection —
towards HVDC grids

Regional HVDC grids can be further extended by connecting
multiple Multiterminal interconnections, and using HVDC
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Breaker technology for protection
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2020 funded project PROMOTION

Inspire the Next

Interoperability is much more than technology ...

Voice of the offshore wind European Industry’

Instruments Stakeholders

National governments

Reaqulatory compatibility
Project development

ENT.
Memoranda of understanding

System compatibility
Functional compatibility

Vendor interoperability Developers & Transmission
Grid codes owner
Standards Lo
Recommended practices Standardization bodies

« Technologies have reached a maturity level calling now for an
industrial scale demonstration, with special attention on Grid
Code Functional Specification (TSO driven) and DC Grid
Control (OEM driven)

« A system, staged and functional approach shall be taken to
implement Interoperability with all industrial stakeholders.

@®Hitachi Energy
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Nepal, India reach ‘milestone’ deal on
trade, transmission of electricity

Nepal to be permitted to participate in real-time trade in the Indian market,
an upgrade from existing day-ahead energy trade.




Bangladesh, India and Nepal are expected to soon finalize an agreement that would allow power
sharing across Indian transmission lines. (Source photos by AP and Reuters)

Nepal needs to attract investment by developing a market outside the country
Nepal needs less electricity in summer than in winter
It is opposite in India and Bangladesh due to high air conditioning load
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What Needs to Be Done?

(Issues: Politics, Technology, Institutions and Economics)

e Build platform for information exchange

* Identify benefits and risks

* Expand cross-border infrastructure

* Develop a wheeling price model

 Complement national regulation by
regional coordination

* Remain cost conscious to maintain
political support

KEYNOTE SPEECH ESFi#
Mr. Saifur Rahman §)‘{* e ﬁi;

President & CEO of Institute of Electrical and Electronics Engineers

HSEFTEMFEEERERAITE
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No Transition without
Transmission

Grid Interconnection improves
Power System Flexibility
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