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The Actual Grid and related challenge
The Super Grid

FACTS and HVDC structures

H2020 Opportunities

Examples

Distribution Side

Two examples
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The first revolution

TRANSMISSION GRID

-

% Protection

< Voltage, frequency
< Power Quality

X Interaction between

k different producers )
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Huge growth of the demand > Production

Long distance path from production to the usage
Renewable rise

Losses mitigation

Necessity to increase exchange capacity
Security issues

Interoperability

Ecological concerns (to debate)
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Too many actors with antithetic objectives
Intermittency

Conservatism

Some obsolete or dangerous technologies
Protection

Economic constraints

Deregulation, lack of common standards

Different no synchronized zones



Smart Grids, Grid
Myth or Reality ?

by André MERLIN
President CIGRE & MEDGRID
President Supervisory Board RTE & ERDF
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Quebec-New England

oble Génie Electrigue
Grenoble Electrical Engineering
Madawaska Cross Channel Skagerrak Zhoushan Island Minami-
2690 MW 350 MW 2000 940 MW 300 MW Gotland
1 I . 1
Chateauguay Eel River Corsica tapping Fenno-Skan Cheju Island i)
1000 MW 320 MW 500 MW 300 Mw Konti-Skan
| B | 550 MW
. _L '\I | Vybarg | I"l
. i X 5'5 > ; 1050 MW Baltic Cable
‘ ,‘h | 1\ Kontek f/ 600 MW
5 ‘F - I | 600 MW Hokkaido-Honshu
600 MWW
Volgograd-Donbass
P ’ %20
: "o Moyle in-Shirai
o = Shin- o
. 5\ 500 MW MW
= Higashi- izu
o 7!-’* Darnrohr ] susd
550 MW Saki
— MW
_'—'-'_'_'_-'__'-'_ 1 -
— _| Shikoku-Kausai
ST 3400 MW

houba-Shanghai
1200 MW

Rihand-Delhi
1500 MW

Cahora Bassa
1920 MW

Leyte - Luzon
440
Vindhyachal
500 MW
Vishakapatanam
500 MW
Brazil-A na ltaly-Greece Three Gorges-Changzhou
MW 500 Mw 30%{] MW
Sardinia-ltaly Inga-Shaba
300 MW 560 MW

\

New Zealand

Chandrapur-Padghe
BtB 1000 M

i

Chandrapur-Padghe \
155?] MW

1240 MW
Etzenricht

600 MW

Broken Hill
4

Sileru-Barsoor
100 MW
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AC |, / —. bc , /
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The DC voltage (or current) as control variable
High sensibility to DC voltage profile
Technologies on development

High power density transfer
Connecting asynchronous areas
Submarine cables
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AC |/ — {pbc , /
OA%F W e | el | kF @
- — - ~ 1|/ Tac
Where Is the master, the slaves !
What OPF? pc , /
Grid codes —Ig)&
Frequency control participating  — /" Tac

Inertial Reserves?



Monopole, Ground Return

Bipole

Bipole, Series-Connected

_62 E Laq

El
V' Gri bfﬂ ng

@_ ﬂl ‘_\.Lfi _(7.\—)_ :GD_J&— _?I_ Converters
SOD=F VEQE =THO F =
I, el 5§
Monopoele, Metallic Beturn :@D: E — 2l —
== A V= =H0HA (2
=0DH B8 ¥ FQD= = | A
_é I Bipole, Metallic Return |
Monopele, Midpoint Grounded T f'_\ El i A
b A Y,
POSF k= ) [ / -0
| [ ] e~
oFET Tk L =
[ZhD= _ ok = SO
Back-to-Back :[:?D: A M | v_(ff
e \ |
EQDFARA= D= Multiterminal
EQD=FiINRVA= QiD= | - L
= (T & CEID=  |ZEOD=
= =)= F CED= [ZRaD=
L 3
== | ™ VEIET V0=
@D = P YV EE VEOE
[ [ ]

Source : The ABC’s of HYDC Transmission Technologies , M.P. Bahrman et al, IEEE Power and energy Magazine 2007
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ABB, ANPC : Controlled switches inst

MMC HV
VSC Standards
Alstom, Siemens...

NPC

—{— e
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Flying caps (FC) : intersting , Capacitior downsized more flexibility
More complex control, starting, short ircuit behaviour



mercury-arc valve 150 kV, 1800 A

Thyristors
GTO
IGCT

Transitors : Techno SIC?



Future Grid Resarch

(source SuperGrid Institute)

High voltage grid

The Grid et

s
—— Operatianal or in planning
ncipal substations

Architectures
Control

Stability issues

[

3- Power
conversion
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& wholesale market

& Meshed HVDC control
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Opportunities H2020

HORIZON 2020
WORK PROGRAMME 2014 — 2015
10. Secure, clean and efficient energy

Modernising the European electricity grid

Providing the energy system with flexibility
through enhanced energy storage technologies
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LCE 5 — 2015: Innovation and technologies for the de  ployment of meshed off-shore

Expected impacts :

Accelerating the deployment of meshed HVDC off-shore grids, with
particular emphasis on Northern Seas partner countries, before 2020.

Deployment readiness for other European regions

Interoperability of technologies (Plug and Play) Nextpath project
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Opportunities H2020

LCE 6 — 2015: Transmission grid and wholesale market
Expected impact: :

Opening up the deployment of solutions for improving flexibility and available
capacity of European electricity grids at high voltage levels to integrate renewable
and other new electricity producers and users,

Demonstrating advanced grid technologies and system architectures and further
developing the competitiveness of European industries

Devising new market architectures and business models,

Mitigating capital and operational costs of the grid modernisation required for
the energy transition, and minimising environmental impact.
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LCE 9 — 2015: Large scale energy storage

A wider use of storage technologies in the energy system through
validation of solutions with reduced cost, increased efficiencies, and
lower environmental impact.

Provision of services for increased renewable energy integration

Deferred investment for transmission grid reinforcements

Integration with ICT tools for the control and management of
electricity networks.



Offshore : Example of grid operation ability
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Emulation
Simulation

Centralized management

Control
QFarm_Reil VOItage
System of Control :
/ References génération < |I’_l|fgl’(l’)7}gtlsog
I:)farm_Ref Frequency —
References <€ control
- PRef_i’ QRef_i f N
¢ Measurement WG Measurements
] - Pv Q - V, I - f
Variable speed - vitesse du vent -P,Q - ..

Fixed speed \
\%

- I:)dispo’ Qdispo

J
Emergency functions integrated
individual

Grid Requirements
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Fluxes control design
S — Stabllity issues
Grid codes compliance
Protections
DDP
Degraded modes managemen
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e ) HVDC o, )
/ Tbc /" Tac
Topology studies N N L3

Converters studies,
modelling
validation for MMC. MVDC
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Energy fluxes optimization

LCC/VSC mix

...MTDC 6 N
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Storage :Variable speed STEP
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Academics : Simulation platforms

. Real-time
Model and ' | digital
oe]plife] ' simulation : Implanta-
algorithm _ . tion,
design, : real-time industriali-
phenomene - " constrair: zation
study - no
external
“disturbart

VIRTUAL
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From the centralized to the distributed & ol i
production , Renewables integration
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