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EDF in brief : a global energy leader

39 million
customers worldwide

160,000
employees worldwide

650TWh
electricity generation

€76 billion
in sales (47% out of France)

17g of CO2
per kWh generated
In France

€500 million
invested in R&D



EDF Group annual R&D investment: 500M€
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New R&D campus 400M€
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The “Blind Men” and the…..Smart Grid/Smart Energy
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Laws of physics cannot be abolished !
Extreme complexity: one global physical system balanced 100 times/sec  

under fragmented responsibilities
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Deregulation: market forces the best way to 

lower costs and foster innovation  but…..!
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Renewable generation: a Blessing ….but !
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DC

AC

cloud

Nanogrid/Microgrids: buy, sell, use at the optimal time !

10kWh / 4kW

HEMS

Storage

Power flow control
11
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Customer-Grid Evolution

Customer DER driven by resilience, economics & environmental objectives
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Utility Economics Are Changing

Economies of Scope

Network Economics

Economies of Scale



Smart Energy & standardisation - Académie des Technologies - Schomberg Dec 2014
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 Located in Hebei province (3 hours north of Beijing), 

 project of Wind Farm/PV/BESS has been started since 2009

500MW Wind, 100MW PV and 100MW storage

Zhangbei : prototype of a 600MW Renewable Power Plant ?
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African Grid Interconnection: build
interconnected power grids between
North and South Africa to meet the
demand for clean energy
development and socio-economic
development in the continent; fortify
interconnections with neighboring
countries; build energy pipelines to
connect Europe in the north and
West Asia in the east; and shape a
new Africa-Europe-West Asia
interconnection scenario.

European Grid Interconnection :
fortify the construction of
European backbone grid to
support large-scale development,
integration and use of clean
energy; and speed up
interconnection pipelines between
Europe and Africa and between
Europe and Asia to import clean
energies from these two
continents.

Asian Grid Interconnection: accelerate the
development of clean energy in North
China, Mongolia and Russia to supply
electricity to East China, South Korea and
Japan and realize energy interconnection
in Northeast Asia; construct the power
grids in South Asia and Southeast Asia and
interconnect regional energy channels to
receive clean energy from China, Central
Asia and West Asia; and establish a “1+5”
interconnection arrangement linking the
grid systems of China, Northeast Asia,
Southeast Asia, Central Asia, South Asia
and West Asia

North American Grid
Interconnection:
develop hydropower in
Canada and clean
energy in the
southwestern and
central US and northern
Mexico to deliver the
power to the load
centers on the east and
west coasts of North
America.

South American Grid
Interconnection:
develop clean energy in
Brazil, Chile and Peru to
form an interconnection
scenario transmitting
power from north to
south and from west to
east in the continent.

Mediterranean
interconnection
projects: construct the
Medgrid and three
transmission channels
from the east, middle
and west across the
Mediterranean.

The Grand Inga Hydropower
development and delivery
project: power with an installed
capacity of 39GW can be
transmitted to North Africa via
UHVDC lines and bundles with
solar power from North Africa
and wind power from East
Africa to be sent to Europe; or
the power can be directly
delivered to Europe via
UHVDC projects.

China-South Asia interconnection
projects: leverage Xinjiang (China)
and Kazakhstan as power bases, and
construct two UHV transmission
projects, one from Xinjiang (China) to
Pakistan and the other linking
Kazakhstan, Xinjiang and Pakistan to
solve the power shortage in Pakistan.
Leverage hydropower in Xinjiang as
the power base, and construct two
UHVDC projects, one from Southeast
Tibet (China) to Bangalore (India) and
the other from Southeast Tibet to
Bombay (India); construct
transmission projects from Southeast
Tibet to Bangladesh to provide clean
energy for India and Bangladesh.

China-Southeast Asia
interconnection projects: construct
Yunnan(China)--Myanmar-
Thailand and Yunnan-Vietnam
UHVDC power transmission project
and Yunnan-Myanmar-Bangladesh
power transmission project to
transmit power to Thailand,
Myanmar, Vietnam and Bangladesh,
in a way to make use of the
hydropower reserves in Yunnan and
thermal power in North China.

China-Korea-Japan interconnection
projects: Construct the ±500 kV
DC submarine cable
interconnection, starting from
Shandong (China) and ending in
Inchon (South Korea) for the China-
South Korea section, and starting
from Busan (South Korea) and
ending in Matsue-shi (Japan) for
the South Korea-Japan section.

North America-South America
intercontinental interconnection
project: base on the Central America
grid, and construct the North
America-South America
intercontinental interconnection
project to realize the grid
interconnection between South
America and North America.

Global Energy Interconnection / Global Energy Internet
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17Copyright   c 2012 SGCC All Rights Reserved. 

Newly feasible very long distance delivery

Ili (Xinjiang,China) ～Berlin
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Spatial & Temporal Changes

Operational systems are challenged by increased span of control and decreasing 
timing of information and decision and control responses



Who invests?  Who benefits ?
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Who invests?  Who benefits ?
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SYSTEM AND STANDARDS APPROACH 
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€

Life time

Classic approach

System and standards approach

Total costs of 

ownership and 

operation

0

20 %



common data

common

language

common behaviour

interchangeability
from specifications, not from blueprints

to allow competition for innovation ! 

interoperability

Equipment

Vendor B

Equipment

Vendor A
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concepts

field

Reference 

Architecture
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Uses Cases for a successful implementation of Smart Energy Systems

Use case ov erv iew: Use Case Ov erv iew     

<<Scenario>>Day ahead and intra day

optimisation

<<Scenario>>Medium term time frame

optimisation (Month, week ahead)

«ActorGrouping»
DSO

«BUC»

OP_02 - Optimise network 

operations until market gate 

closure based on a schedule (in 

Operational Planning)

«Role»

Data Manager

«Role»

Distribution 

Constraints Market 

Operator

«Role»

Distribution System 

Optimiser

«Role»

Producer

«Role»

TSO

«Role»

Neutral Market 

Facilitator/Enabler

<<Objective>>

Anticipate and limit network

constraints

<<Objective>>

Minimise usage cost of

optimisation levers

«Role»

Grid 

Users/Suppliers/BRPs 

Relationship 

Manager

«Role»

Flexibility Operator

«use»

«use»

«use»

«use»

«use»
«use»

«use»
«use»

«realize»

«objective»

«objective»

«realize»

Detailed activ ity: Request for modifications of work placements     

«Role» Data Manager«Role» Distribution System Optimiser

ActivityInitial

Network Constraints detected ?

ActivityFinal

«SUC»

Identify and solv e network 

constraints for a giv en zone and an 

optimisation application period in 

operational planning

«BUC»

OP_01 - Optimise work programmes 

(TSO, Producers, and DSO works)

ActivityFinal

«Action»

Analyse Work placements for 

the optimisation application 

period and the studied zone

«Action»

Send work placements 

for a zone and a 

optimisation application 

period

List of mutable works

List of immutable works

«Action»

Send request of modification of work 

placements (cancelation, temporal mov e) on 

the optimisation application period to 

mimimise constraints

«Action»

Send reoptimised work 

placements list taking into 

consideration requests from 

the operational planning 

system

List of reoptimised works (now immutable) on

the optimisation application period

«Action»

Wait for updated work 

placements

YES

NO

Update work placements

«precede»

«invoke»

Request of work

placements

modifications

«invoke»

«invoke»

SEND

SEND

SEND

Domain ov erv iew: Domain ov erv iew     

«BUC»

OP_02 - Optimise network operations 

until market gate closure based on a 

schedule (in Operational Planning)

<<Business Case>>  

Operational Planning (OP)

«Domain»

Distribution Management Domain

«SUC»

Identify and solv e network 

constraints for a giv en zone and an 

optimisation application period in 

operational planning

«SUC»

Manage the v alue of the 

optimisation lev ers (activ ation 

cost, stock impact cost...etc)

«BUC»

MKT_02-Operate the 

Distribution Constraints 

Market

«SUC»

Receiv e a purchase request for a 

Distribution Flexibility Offer from 

the operational planning

«include»

«contain»

«use» «use»

«use»

«use»

«use»

Modsarus®

25

MODSARUS® = EDF Addin of EA (SPARX UML Tool)

8th CSD&M - Smart Energy complexity - Paris  Dec 2017  - Schomberg



8th CSD&M - Smart Energy complexity - Paris  Dec 2017  - Schomberg



Smart Energy planning: simulation to understand 

long term impact of today’s decisions

Complex – system - modeling
Multi scale, Interactions, non deterministic

Never ending evolution

3D intelligence for smart         
actionable results
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Every night, 

12 million

water heaters

store the 

electricity

generated by

12 nuclear 

reactors 

The oldest and largest Smart Grid in the World

40 years of Load Control in France : 10% peak reduction
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“If you can't solve a problem, enlarge it” (D.Eisenhower)

http://images.google.com/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/thumb/1/19/Compteur_electrique.jpg/416px-Compteur_electrique.jpg&imgrefurl=http://commons.wikimedia.org/wiki/Image:Compteur_electrique.jpg&h=599&w=416&sz=50&hl=en&start=3&um=1&tbnid=mwT52Yt7Tg-mqM:&tbnh=135&tbnw=94&prev=/images?q%3Dcompteur%2Belectrique%26um%3D1%26hl%3Den%26sa%3DN
http://images.google.com/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/thumb/1/19/Compteur_electrique.jpg/416px-Compteur_electrique.jpg&imgrefurl=http://commons.wikimedia.org/wiki/Image:Compteur_electrique.jpg&h=599&w=416&sz=50&hl=en&start=3&um=1&tbnid=mwT52Yt7Tg-mqM:&tbnh=135&tbnw=94&prev=/images?q%3Dcompteur%2Belectrique%26um%3D1%26hl%3Den%26sa%3DN


Conclusion

 Technical, Business, Regulatory decisions should be 

made keeping in mind the physical nature of the 

unique overall system they address (make sure to 

close the control loops)

 Wide scale deployments, require strategies to make 

appropriate risk informed investment decisions, taking 

into account the legacy, while enabling reasonable 

incremental transitions towards dependable solutions

 Standardization is a key to pre-resolve the extreme 

challenge of complexity !
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Thank you

Standards = 

complex systems “chromosomes”


