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What is HVDC? HITACHI
(D Long distance-low losses

Wha.t iS HVDC? | (example of Japan)

@ HVDC can transmits remote and large-scale
renewable energy to demand centers, over a long
distance with low losses

L 2

: Demand center  : Large renewables
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What is HVDC? HITACHI
@ Long distance-low losses, @ Cross-borders

What is HVDC?

(example of Japan)

@ HVDC transmits remote and large-scale renewable
energy to demand centers, over a long distance with B g
low losses add

@2 HVDC enables to share:exchange grid flexibility
across borders (countries, regions)

Four dimensions of “flexibility”

Long-term flexibility Short-term flexibility E‘

Nuclear VRES curtailment
Supply
Hydro, Biomass, Geothermal side
i)

Gas turbines, fuel cells (clean synthetic fuels)
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Pumped hydro

Batteries

Clean synthetic fuels
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Supercapacitors

Demand allocation Heat pumps Demand

Electromobility EEs

Industrial loads
Electrolyzers

Active transmission

: Grid flexibility in each area
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What is HVDC? HITACHI
(D Long distance-low losses, @ Cross-borders, 3 Grid stability

What is HVDC?

@ HVDC transmits remote and large-scale renewable
energy to demand centers, over a long distance with :

low losses {

2 HVDC enables to share network flexibility across
borders (countries, regions)

® HVDC supports grid stability by Fast Frequency
Response, synthetic inertia response, fast reactive
power (voltage) control, grid forming, islanded
network control, black start etc.

Key technology for Energy Transition

= X - i Time [s]
Active and reactive power response Node voltages in Newfoundlandisland (in pu)
at Bottom Brook HVDC station
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HVDC applications HITACHI
Precise energy trading

Energy trading is enabled by coupling electricity
markets with network interconnections. These
interconnections can link separate power
systems within a country or connect the national

grids of separate countries. T Import / Export System Price
° 1 1 04 ‘ Import
International HVDC interconnectors V\/\/"\]\ € 2534
» HVDC systems allow our customers to share i £2212
and trade electricity. Sending power where it is o
most profitable and needed most. : e i i
. st g 1T26 : 1l Highest Import (-) SE i 19,061 MWh
« HVDC enables precise controlled power flow o e NG 12155 Mwh
. . ny RS 1,723 Mwh 491,885 MWh N e 3'2‘?5 MWh
acrosgelGR CIFAINATKEES I R = 1 265 M
429,824 MWh
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HVDC applications HITACHI
Environmental benefits DC vs AC

HVDC has a lower climate impact above certain distances, thanks to:

* Lower transmission losses

» Materials for cables
- [ Environmental benefits DC vs AC } ) Z& Z&

Traditional overhead line with AC

aan K ann

HVDC (High Voltage Direct Current) Classic overhead line

\_ J
*100 km cable transmission, 900MW
Including: HVDC or HVAC Station, Cable, Total Losses and End of Life

HVDC Underground

HVAC Underground

HVDC Submarine

HVAC Submarine

Underground line with HVDC Light® or AC cable
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What is HVDC?

Benefits of HVDC

HITACHI

HVDC transmission delivers significant benefits not only from a technical power system standpoint but also from an economic,
environmental and societal perspectives.

S e T oo ol | sodet

® Enables high power transmission
capacity, currently up to 12 GW at
+1,100 kV spanning>3,000 km.

® Minimizes long-distance power
losses.

® Contributes to AC grid flexibility
with independent voltage and
frequency control.

® Enhances grid regilience with
black start capability.

® Connects grids with different
frequencies (asynchronous grids)

® Manages congestion through its
more precise control of power
flow.

® | owers wholesale electricity
prices by integrating diverse
energy markets.

® Reduces balancing and
redispatch costs with improved
control.

® Offers lower operational costs
over its whole life cycle owing to
reduced energy losses and cuts
infrastructure costs with narrower
Right of Way.

® Reduces the need for
intermediate substations due to
fewer voltage drops over long
distances.

® Encourages generation capacity
investments by improving grid
reliability and stability.

® Accelerates decarbonization by
integrating clean energy sources
such as wind, solar and hydro
electricity.

® Minimizes landscape impact by
reducing the transmission
footprint (fewer towers and
conductors).

® Optimizes resource use by
enabling the transfer of electricity
from regions with surplus to
those with limited generation
capacity.

® Lowers electromagnetic field
emissions.

Confidential

® Increases ability to integrate

renewables, thereby enhancing
public health outcomes by
improving air quality.

® Boosts the environmental well-

being of local communities by
reducing land use.

® Reduces the socio-economic

impact of outages with black start
capability, which enables the
rapid restoration of grids.

® Promotes regional collaboration

through energy trading.
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What is HVDC?
Benefits of HVDC ~Europe’s case~

In Europe, enhancing cross-border interconnection capacity is seen as being
socially and economically effective. EU’s plan for cross-border capacity keeps
increasing (according to Ten Year Network Development Plan).

TYNDP 2020

23GW

cross-border capacity
increases needed by 2040

TYNDP 2022

64 GW

cross-border capacity

increases needed by 2030

(2025~2030)

Accelerating Accelerating

93 GW in 20 vears further

% Average 4.6 GW / year

64 GW in 5 years
2% Average 12.8 GW / year

v' Strong government policy toward energy transition and cost /

benefit analysis (CBA) drive grid enhancement with HVDC.

entso-e: The European association for the cooperation of Transmission System Operators (TSOs) for electricity
TYNDP: https://tyndp.entsoe.eu/
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TODAY

HITACHI

Q <ol 9

TYNDP 2024

2030 2040 2050

Starting point of the study

/7, Europe's cross-border grid needs reinforcing to yield all benefits of the

«  energy transit

126 GW available
cross-border electricity
transmission capacity

24 GW of storage capacity

* Values for storage capachy include
battery storage capacity in the
nnnnnnn

ion and minimise costs (in the ENTSO-E area)

161 GW expected
cross-border capacity l I

+88 GW of additional +108 GW (additional to +224 GW (additional to
cross-border capacity would expected capacity in 2030) expected capacity in 2030)
minimise system cost would minimise system costs  would minimise system costs

56 GW of storage capacity” 227 GW of storage capacity’ 540 GW of storage capacity”

Investment of
13 Billion euro/year

Investment of
6 Billion eurofyear

Investment of
5 Billion euro/year

Infrastructure projects in the pipeline today do not cover all the needs
based on TYNDP 2024 projects portfolio

35 GW of projects in
construction or in advanced
stage, expected to commis-
sion by 2030

+B80 GW of cross-border transmission capacity increase,
based on projects expected after 2030 in National Develop-
ment Plans or under consideration stage.

» Gapfopportunity for infrastructure or other solutions to
provide 28 GW out of the 108 GW of cross-border trans-
mission capacity required to minimise system costs.

ypothetical future where Europe would stop investing in its cross-border electricity grid after 2030

*—HW Why Europe should invest in its electricity infrastructure
,‘ comparing with a hy

8 Bn euro/year reduction
in system costs
¥ Net saving of

3 Bn euro/year

13 Bn euro/year reduction
in system costs
» et saving of

7 Bn euro/year

23 Bn euro/year
reduction in system costs
» Net saving of

10 Bn euro/year

30 TWh/year avoided 114 TWh/year avoided 122 TWh/year avoided
curtailment of RES energy curtailment of RES energy curtailment of RES energy
in the EU inthe EU inthe EU

19 Mton/year avoided CO,
emissions in the EU

18 Mton/year avoided
C0, emissions in the EU

15 Mton/year avoided
C0, emissions in the EU

By 2040, the projects in the TYNDP portfalic would
benefit the EU by:

» Creating 4.1 Million extra jobs
¥ Increasing its GDP by 247 Bn euro

» Increasing tax revenues by 111 Bn euro

ENTSO-E | TYNDP2024 | INFRASTRUCTURE GAPS REPORT | 9



https://tyndp.entsoe.eu/

HVDC market
Acceleration

1

HITACHI

of the market

~elpan, 20 7 B [
i\\ HVDC development in Europe (as of 2023)
= IJ i 4 Y e—e Inoperation

*>—=e Under .
construction

&—® Planning,
| discussing

-------

D o

Confidential ©Hitachi Energy Ltd 2025. All rights reserved



HITACHI

HVDC applications
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HVDC applications HITACHI
Todays' HVDC Applications and Technologies shaping the grids of the future

LCC (HVDC Classic) 150 - 12,000 MW

- -

4

Offshore wind
connections

Connecting
remote
generation

VSC enabled

Lol
I
Interconnecting
grids

DC links in
AC grids

0 &

VSC (HVD

45 .

- L~
4 3 l’

Connecting Power from shore

remote loads

VSC enabled

Bl 1Y

»— AN
¢ = [HI

City center infeed Upgrades/life-cycle

services

VSC enabled
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HVDC applications
Connecting remote generation

* Down to half of the losses of AC
» HVDC technology established over many decades
* Built in grid support (voltage and frequency support)

HITACHI

 Generators isolated from grid transients

 Black start capability
+ Smaller footprint along the right of way (high power density)

HYDRO POWER

[s]els]s] n m

14

| [l

] 1]

. ACLinks

AC Links

-~ IEFEF
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P | |
. | |
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|ssusss/snnnnn sesnnn|
CEEET D e o creer

SOLAR POWER
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HVDC applications HITACHI

Offshore wind connections

* Down to half of the losses of AC * Built in grid support (voltage and frequency support)

* Around a third of offshore wind capacity connected by HVDC * Isolates the offshore grid from onshore grid transients

* HVDC technology established over many decades

= =
i cﬂ\ B\ Offshore Onshore
po._- / HVDC HVDC
B\ converter converter
station station
:J AA AC Grid

| e
i

5\ v ap TN
B j-l o ’m é é o—— Wy
TTo—w HVDC Subsea Cable E= g

58\ HVDC Light® Ratings
Up to 2400 MW & 525 kV dc
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HVDC applications
Interconnecting grids

Grid stabilizing with independent voltage and frequency support
» Solving today’s grid resilience challenges
» Energy trading for asynchronous grids

* Uniting & securing energy markets

HVDC interconnectors

* Up to thousands of kilometers and several GW power

Could be combined with other applications — multi-purpose links

16

panm Rt
quadRe
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mEmanagmnnt

7 AC grid

Confidential

HITACHI

©Hitachi Energy Ltd 2025. All rights reserved



HVDC applications HITACHI
Back-to-back

» Share spinning reserves between adjacent networks

» Energy trading for asynchronous grids — uniting & securing energy markets
* Remove grid operational constraints

* Enhance grid resilience

* Leading to a reduced total cost of electricity

17 Confidential ©Hitachi Energy Ltd 2025. All rights reserved



HVDC applications HITACHI
DC links in AC grids

* Reduce system losses
» Prevent overloading of AC lines A

* Allow for higher loading of generators and other AC lines

Power

* Remove grid operational constraints

» Enhance grid resilience

+ Leading to a reduced total cost of electricity A /\
AC
A\
A S

>

Time
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HVDC applications
Connecting remote loads

19

Proven electrical transmission system for remote loads
Eliminate polluting, inefficient and expensive local generation

Provides remote, off-the-grid locations with reliable,
environmentally friendly power supplies

The surplus energy produced, from local renewable
generation, can easily be exported and the back-bone AC
network supported as needed

Confidential
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HVDC applications HITACHI
Power from shore

* High availability and reliability

* Reduced operational costs — OPEX Power HUB for economy of scale

* Lower GHG emissions (CO2, NOX...)

* Improved Health, Safety and working conditions (noise, Mm);

Vlbratlons“') HVDC onshore converter sﬁ\
» Compact offshore footprint

HVDC link HVDC offshore converter stations

DC transmission

* No power or distance limitations

+ Simple frequency conversion (50/60 Hz)

>

* Builtin grid support

Carbon Neutral Targets

Power (MW)

Gas turbines

Distance

20 Confidential ©Hitachi Energy Ltd 2025. All rights reserved



HVDC applications
City center infeed

» Compact power station ideal for feeding large power with low losses into
densely populated urban centers

» Power control capabilities are used to optimize the power flow in the existing
AC lines

* Controlled contribution to short circuit currents

* Helping to reduce overall losses in the grid, increases capacity and improving
stability

» Power is transmitted via oil-free extruded polymer underground cables

21
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HITACHI
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Project cases HITACHI
Typical HVDC (power / DC voltage / configuration)

Symmetrical monopole T : e DolWin 1(800 MW)

DolWin 2 (900 MW)
| L + T + 320 kV

DolWin 5 (900 MW)

IFA 2 (1,000 MW)
T - L - 320 kV

Dogger Bank A (1,200 MW)
Dogger Bank B (1,200 MW)
Dogger Bank C (1,200 MW)
CMS (1,200 MW)

Hornsea 3 (1,340 MW x 2)
Lightning Zakum (1,000 MW x 2)
Marinus Link (750 MW)

Centre Manche (1,250 MW x 2)
Oléron (1,200 MW)

etc

or
+ 400 kV

1
~ _GD_ 900 ~ 1,800 MW
L = + 320 kV
T

Symmetrical monopole (2 x 1.2 GW)

https://doggerbank.com/construction/onshore

NordLink (1,400 MW)

North Sea Link (1,400 MW)
Zhangbei (3,000 MW)

SunZia (3,000 MW)

Yanbu (3,000 MW)

SuedLink DC4 (2,000 MW)
Lanwin 5 (2,000 MW)
Doordewind 1 (2,000 MW)
Doordewind 2 (2,000 MW)
Nederwiek 1 (2,000 MW)
Nederwiek 3 (2,000 MW)
IJmuiden Ver Alpha (2,000 MW)
Eastern Green Link 2 (2,000 MW)
Spittal - Peterhead (2,000 MW)
Western Isles (2,000 MW)

etc

— + + 525 kV —

2,000 ~ 3,000 MW
+ 525 kV

1H

g ¢
5 8

— - 525 kV —

23 Confidential ©Hitachi Energy Ltd 2025. All rights reserved


https://doggerbank.com/construction/onshore/
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Project cases HITACHI
HVDC converter station ~example of HVDC, a long-distance interconnector~

-
i - »* / '
. .$ —— Bl S N pr
%J OFWaY- —— e .
» GE0IKMIEWAY) S E e " , 1 Sos

Wilster

vvvvvv

\
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3 Power flows both ways



Project cases

HVDC converter station

I+ 2INZ
Edinburgh

|
N == e
W Derby” [ ~Nottingham

Jxr—JLZX )
J
e i/
Swansea'\ = LR
$*=71.7="" Bristol ——
cardiff i
=2
Bath

~example of HVDC, a offshore wind connection~

Dogger Bank A
1,200 MW

Shefﬂ‘eld

) YT AZTAL

Iy

J L LZR2— Norwich

JEmE=IS
Peterborough

TNy =2

\"Leicester

/ Coventry C"m"ﬁ”dge TR 9F
SN ‘
A \

Ok e JLT—r*/\

Ipswich

Oxford fluton | 2ANFIRE—
! > Colchester,
S

TIots— b - S G I =
Exeter Bournemouth

F=)v

Poole:

Plymouth

25

Google

Dayil
(o Brux‘el\les

—Brussel,

About 90 wind
turbines

large offshore wind farm.

Confidential

One HVDC system enables investment to a
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Project cases HITACHI
Long submarine cable interconnection: North Sea Link

a
Z¥el Customer
m Statnett SF in Norway and National Grid in United Kingdom

Customer needs
» Security of supply
* Meet EU’s target for CO, reduction
* Energy trade
Kvilldal
Our response
« Two 1,400 MW, +515 kV HVDC Light® converter stations

Customer benefits
» Security of supply

* Fluctuations in power demand to be met by using the other country’s renewable surplus power Biy'y

Year
2021

Increased security of power supply and social-economic benefits for both countries

Confidential ©Hitachi Energy Ltd 2025. All rights reserved



Project cases HITACHI
Long submarine cable interconnection: North Sea Link

Commissioned in 2021, VSC £ 515 kV /1400 MW (bipole), cable length: 720 km
UK Norway

27 Confidential ©Hitachi Energy Ltd 2025. All rights reserved


https://www.youtube.com/watch?v=gbUNrCWF3sI

Project cases

Offshore wind connection: Dogger Bank A, B & C

@ S Customer
m SSE & Equinor, United Kingdom

Wl Customer needs
0O * 200 km long subsea and underground power connection
2/ * Robust grid connection

_I_ Our response
« 3x1200 MW, + 320 kV, HVDC Light® system
gﬂ * Engineered package and supply for offshore and onshore converters

Customer benefits
* Environmentally sound power transport

* Low losses and high reliability
* Increasing current offshore wind capacity by 3,6 GW and reduce CO, emissions

Year*
2023, 2024, 2025

HVDC Light® converter
stations

[k

Symmetrical monopole T System capacity of
. ==| 31200 megawatts (MW)

]
-
e

HITACHI

® Converter stations

Dogger Bank Wind Farm
g ©

Teesside A

Creyke Beck

Supporting UK’s clean electricity demand, powering six million UK homes

28
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Project cases HITACHI
Offshore wind connection: Dogger Bank A, B & C

e

Illustrated image of offshore wind connection by Aibel
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Project cases

30

Subsea option Caithness-Moray
for faster deployment of
transmission reinforcement.

Less visual impact.

Additional technology benefits:
Multi-purpose HVDC -

embedded HVDC link with
interconnector/radial
renewable power infeed.

197Mvar

Caithness/
Spittal
CigréParis session 48, 2020, B4-
116 Linden, Hanson and McHardy, :
Planning and implementation of
an HVDC link embedded in a low
fault level AC system with high
penetration of wind generation”

nvemess

Moray/
Blackhillock

800MW o o

HITACHI

I
A 600MW
Y~
S197Mvar
. iy
- 21
://_'
L=
| .A-: wek
.y 4
1
/
/
/
/
/
Il
/ .
/ Converter station
/’ with different ratings
/
/, .
J = Terminal
II s ﬁl-/,l_..(’ﬁ\ o or
4 B Transition joint
piace T - L J
T Ol
Cables
320kV

Symmetrical monopole

@ Peerhead

=1200MW
~\394Mvar

:

worluerudil &AILdUI CIHETYy LW £ULd. Al Ngnw lEbElVEd



Project cases HITACHI
Power from shore “Project Lightning”

@ o Customer
m ADNOC, United Arab Emirates

D Customer needs

A + Enable power supply from mainland to platform complex to minimize emission of large
2/ amounts of CO,
Das Island a| Ghallan
Our response
« Two HVDC Links with four HVDC Light® converter stations I
» Zakum Cluster: Al Ghallan 132 kV (off-shore) apd Mirfa 400 kV (on-shore), 2 x 1,000 MW Shuweihat Al Mirfa
» DAS Cluster: Das 132 kV (offshore) and Shuweihat 400 kV (on-shore), 2 x 600 MW UAE

Customer benefits
« Enable sustainable, flexible and secure power supply to offshore platforms
* Reduction of carbon footprint for offshore operation

« High power ratings, compactness of converters on islands and long submarine cable
distance

Year
2024

Yemen

The first-of-its-kind sub-sea power transmission network in the MENA region advancing a sustainable energy future for Abu Dhabi

31 Confidential ©Hitachi Energy Ltd 2025. All rights reserved



Project cases HITACHI
Saudi Arabia - Egypt

Saudi Arabia - Egypt

Saudi Electricity Company (SEC), Saudi
Customer Arabia and Egyptian Electricity
Transmission Company (EETC), Egypt

Customer + Power transmission and energy trading
needs between countries

*« 3000 MW +500 kV multi-terminal solution
with power flow in multiple directions
e Three turnkey HVDC converter stations:
* Medina: 3000 MW (Saudi Arabia)
* Tabuk 1500 MW (Saudi Arabia)
+ Badr 3000 MW (Egypt)

Saudi Arabia
Tabuk

Our response

* Facilitate electricity trade between Saudi
Arabia and Egypt

» Connecting the two grids with strengthening
grid resilience

« Power supply security

» Optimization of energy production

» Addressing power consumption peaks by
exchanging the surplus power with each
other

Egypt

Customer
benefits

Year « 2025 o < D\

Medina

32 Confidential ©Hitachi Energy Ltd 2025. All rights reserved



Project cases

Proven track record for HVYDC

North America

* Maritime Link

* Quebec — New England
Upgrade

* CU Upgrade

* Madawaska Upgrade

+ Celilo Upgrade

* Highgate Upgrade

* Railroad DC Tile

+ Oklaunion

* Mackinac

* IPP Upgrade

* Blackwater Upgrade

+ Outaouais

* Sharyland
* Rapic City
* Cross Sound
* Eagle Pass

* Quebec — New England
* Pacific Intertie Expansion
* IPP Intermountain —

Adelanto

* Pacific Intertie Upgrade

* Madawaska
* Highgate

+ Chateauguay Upgrade

* CU project

Majority of projects over 70 years

» Dogger Bank C e Troll 1 &2 * Valhall
* Shetland *Troll 3 &4 * Norned
» Dogger Bank A * Borwin 1 * Estlink
» Dogger Bank B  Dolwin 1 * Italy — Greece
* IFA2 « Dolwin 2 * Tjeereborg
—= Europe - Nordiink « Dolwin 5 « Swepol
* North-sea Link « Aland * Gotland Light
* Square Butte Upgrade - Caithness — Moray  + Nordbalt « Hallsjon
* Eel River Upgrade « Kriegers Flak Cgs « Litpol Link « Kontek
* Pacific Intertie » Johan Svedrup - East West - Baltic Cable
* Vancouver Island Pole + Gotland Upgrade Interconnector « Fennoskan 1 & 2
18&2 * Kontek Upgrade * Sapei » DuUrnohr
- = Asia

South America
* ltaipu

* Rio Madeira Back-to-back
* Rio Madeira

* Brazil - Argentina

* Interconnection | & Il

Africa

« Caprivi Link

* Inga - Kolwezi Upgrade
+ Cahora Bassa, Songo

* Apollo Upgrade

* Inga - Kolwezi

+ Cahora Bassa

Australia and Oceania

* Murraylink * Broken Hill

33

« Directlink
* NewZealand 1
* NewZealand 2

+ Skagerrak 1-3

« Skagerrak 4

* Gotland 1-3

* Konti-skan 1 & 2
* English Channel

* Higashi-Shimizu

* Jeju3

» Changji-Guquan

* Raigarh-Pugalur

* North East Agra

« Jinping — Sunan

* Hultnbeir — Liaoning

* Qinghai-Tibet

* Yunnan-Guangxi

« Lingboa li Extension

« Xiangjiaba — Shanghai

* Three Gorges — Shanghai
* Vizag Li

* Three Gorges — Guangdong
* Three Gorges — Changzhou
* Xiluodu-Zhexi

» Hami-Zhengzhou

* Lingzhou-Shaoxing

« Jinbei-Nanjing

« Jiuguan-Hunan

» Shanghaimiao-Shandong
» Ximeng-Taizhou

« Dianxibei-Guangdong

* Zhalute-Qingzhou
 Chapad

* Rihand-Delhi

» Gezhouba — Shanghai

* Vindyachai

* Sakuma

Project executed by Hitachi Energy / Project delivered by ALL other suppliers

Confidential

HITACHI

» Champa-Kurukshetra 1/2
* Zhangbei
* Leyte-Luzon

©Hitachi Energy Ltd 2025. All rights reserved
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HVDC is essential for
grid reinforcement at
speed and scale!

~ ,, N
"~ Challenge - Solution Y Impact
// The energy transition leads to HVDC is needed for both \ Stronger transmission system
" the need of stronger, W integration and expansion of will ensure secure power
/ modernized power transmission . renewable energy sources. supply.
' system!

x

R AR R T R | )




Thank you for attention!

Contact:

Pa[E;F (Atsushi NISHIOKA)

HVDC M/S Manager, Hitachi Energy
atsushi.nishioka@hitachienergy.com
+81-80-7010-6842



mailto:atsushi.nishioka@hitachienergy.com

HITACHI

Thank you

Follow us
. in XN fHOND)
Subscribe to our monthly newsletter for the latest
Hitachi Energy and industry news. www_hitachienergy.com

37 Confidential ©Hitachi Energy Ltd 2025. All rights reserved


https://www.instagram.com/HitachiEnergy
https://www.youtube.com/@HitachiEnergy
https://www.facebook.com/hitachienergy.global
https://www.linkedin.com/company/hitachienergy/
https://x.com/hitachienergy
https://www.linkedin.com/newsletters/7102214102038495232/

38

HITACHI

Confidential

©Hitachi Energy Ltd 2025. All rights reserved



	Covers
	Slide 1: IERE Webinar  HVDC application and project cases

	External Presentation
	Slide 2
	Slide 3
	Slide 4: ① Long distance・low losses
	Slide 5: ① Long distance・low losses, ② Cross-borders
	Slide 6: ① Long distance・low losses, ② Cross-borders, ③ Grid stability
	Slide 7: Precise energy trading
	Slide 8: Environmental benefits DC vs AC
	Slide 9: Benefits of HVDC
	Slide 10: Benefits of HVDC  ～Europe’s case～
	Slide 11: Acceleration of the market
	Slide 12
	Slide 13: Todays’ HVDC Applications and Technologies   Shaping the grids of the future
	Slide 14: Connecting remote generation
	Slide 15: Offshore wind connections
	Slide 16: Interconnecting grids
	Slide 17: Back-to-back
	Slide 18: DC links in AC grids
	Slide 19: Connecting remote loads
	Slide 20: Power from shore
	Slide 21: City center infeed
	Slide 22
	Slide 23: Typical HVDC (power / DC voltage / configuration)
	Slide 24: HVDC converter station   ～example of HVDC, a long-distance interconnector～
	Slide 25: HVDC converter station   ～example of HVDC, a offshore wind connection～
	Slide 26: Long submarine cable interconnection: North Sea Link
	Slide 27: Long submarine cable interconnection: North Sea Link
	Slide 28: Offshore wind connection: Dogger Bank A, B & C
	Slide 29: Offshore wind connection: Dogger Bank A, B & C
	Slide 30
	Slide 31: Power from shore  “Project Lightning”
	Slide 32: Saudi Arabia – Egypt
	Slide 33: Proven track record for HVDC　 Majority of projects over 70 years
	Slide 34
	Slide 35
	Slide 36
	Slide 37: Thank you

	End Slide
	Slide 38


