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O EDF in brief : a global energy leader
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EDF Group annual R&D investment: 500M€
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OUTLINE

SMART ENERGY: THE WORLD'S LARGEST AND MOST COMPLEX MACHINE

1.SMART ENERGY: WHAT ARE WE TALKING ABOUT?
2. THE MULTIPLE COMPLEXITY FACTORS
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Smart Energy: «Connecting» many points of generation
with many points of consumption end to end
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The “Blind Men” and the.....Smart Grid/Smart Energy

a Snake!
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Laws of physics

cannot be abolished !

Extreme complexity: one global physical system balanced 100 times/sec
under fragmented responsibilities

output,

Mechanical energy

Mechanical energy
input is converted
into electrical

Back emf generated
by turning of
motor.

Generator
Voltage =

applied to
motor.
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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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Nanogrid/Microgrids: buy, sell, use at the optimal time !

HEMS
Storage



Customer-Grid Evolution

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

Economies of Scope

Economies of Scale amazon
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iﬁ Vision for North Pole Energy Transmission
STATE GRID

CORPORATION OF CHINA

3500-4500km from
northeast and north
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Zhangbei : prototype of a 600MW Renewable Power Plant ?

€ 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

™= STATE GRID

W CORPORATION OF CHINA
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Global Energy Interconnection
Development and Cooperation Organization
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Global Energy Interconnection / Global Energy Internet
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Global Energy Interconnection
Development and Cooperation Organization
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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-Wes Asig
interconnection scenario. )

Mediterranean
interconnection

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

European Grid Interconnection :

Europe and Asia to import clean

Asian Grid Interconnection: accelerate the
development of clean energy in North
China, Mongolia and Russia to supply
electricity to East China, South Korea and

grid systems of China, Northeast Asia,
1 280utheasbAsia;1 GentralzAsia; South 2Asia
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i i ipeli 8y » ! PE3E Brazil, Chile and Peru to
demand for clean energy interconnection pipelines between Asia and West Asia; and establish a “1+5” . central US and northern >~ N
development and socio-economic Europe and Africa and between interconnection arrangement linking the “ Mexico to deliver the form an interconnection
scenario

transmitting
power from north to
south and from west to
east in the continent.
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the power can be directly UHVDC projects, one from Sm_xtheast in a way to make use of the the South Korea-Japan section.

delivered to Europe via Tibet (China) to Bangalore (India) and hydropower reserves in Yunnan and

UHVDC projects.

the other from Southeast Tibet to
Bombay (India); construct
transmission projects from Southeast
Tibet to Bangladesh to provide clean
energy for India and Bangladesh.

thermal power in North China.
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Spatial & Temporal Changes
I

Operational systems are challenged by increased span of control and decreasing
timing of information and decision and control responses
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Value potential - GA, CA, TX

Costs Net
societal \
value \
creation

]
CISCO
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Value potential — GA, CA, TX ,f Allocation of value — GA, CA, TX
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SYSTEM AND STANDARDS APPROACH

€ Total costs of _
ownership and Classic approach

operation

System and standards approach

20 %

N

. Life time
~ SEeDF | 22
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World market: what «investors» want

mteroperablllty

common data -
) “°"'"O" —
Ianguage

Equipment conwnonbehawour Equipment

Vendor A _ . Vendor B
Interchangeability

from specifications, not from blueprints
to allow competition for innovation !
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Make visible and traceable multi-dimensional
system interdependencies

concepts

- \ Reference
\Architecture

A Camtrol
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Uses Cases for a successful implementation of Smart Energy Systems

ENTERPRISE |

Modsarus® ! S

Market

Enterprise
3
-*E%gg}g? i

Process
MODSARUS® = EDF Addin of EA (SPARX UML Tool)
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IE(. SMART GRID

STANDARDS MAP Z
INTERNATIONAL ELECTROTECHNICAL COMMISSION 0

Smart Grid Standards Map solution

Weicome

©=Use Cases

Architocture View | Mopping View | User guide.

Al Systems
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Smart Energy planning: simulation to understand
long term impact of today’s decisions

Singapore Government
Integrity = Service » Excellence
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Complex — system - modeling 3D intelligence for smart

actionable results

Multi scale, Interactions, non deterministic
Never ending evolution
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The oldest and largest Smart Grid in the World

40 years of Load Control in France : 10% peak reduction

Every night,
12 million
water heaters
store the
electricity
generated by
12 nuclear
reactors

B

“If you can't solve a problem, enlarge it” (D.Eisenhower) .
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Conclusion

Technical, Business, Reqgulatory decisions should be
made keeping in mind the physical nature of the
unigue overall system they address (make sure to
close the control loops)

Standardization is a key to pre-resolve the extreme
challenge of complexity !
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Standards =
systems “chromosomes”
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