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Electrical system – France

Transport (RTE)
• HTL : 590 000 km
• Substations HT-LT : 725 000

Distribution  (ENEDIS)
• LTL : 1 350 000 km
• Substations HT-LT : 660 000

Customer:
• BT (Domestic) 31 millions
• MT (industrial & commercial ): 120 000



Electrical production in France (RTE) 
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China

Renewable Energy
(13%)

Coal: 58%



11 August 2015

49 900 MW

33 300 MW

Electrical consumption in France 

1 February 201574 600 MW

60 400 MW



Electrical 
Grid 101  All 
you need to 

know !



Electrical 
demand 

management
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The stability and reliability of the electrical supply is vital for industry, 
services and life quality. 

Supply faults could cause huge disturbance and economic lost.

Electrical system security:



UK powercut 
explained  

National Grid 
admits ‘lessons 
to learn’ after 

blackout

OK



Impact of a 
blackout



The International Energy Agency estimation for 2030:  
- Over $6 trillion of investment in transmission and distribution 

and as much for generation. 
- 5,087 GW of generating capacity with 2,700 GW for developing 

countries (1,100 GW in China). 

Combination of growing demand for electricity and the need to upgrade 
existing equipment requires massive investment. 

Power demand increase



The development of renewable energy requires innovative solutions 
for the integration of different sources into the electrical grid.

Integration of renewable energy 



• Around 66% of the primary energy is lost in power conversion 
(generation), 

• Up to 16% of the electricity is lost in the grid (US Energy 
Administration estimated the cost of electrical lost to  $20 billion in 
2005). 

Increase the system efficiency



Huge save in the infrastructure  

Deploying battery storage in commercial buildings: opportunities 
and challenges, 5 June 2013 | Issue 3
By Amir Kavousian, Justin Ho, Larry Win, and Heming Yip

Decrease the peak demand

http://energyclub.stanford.edu/category/issue-3/


Increase in the
demand

Operating cost



Compatibility is vital for interconnecting 
systems between countries or across 
continents. 

Compatibility and standardization



How the smart 
technology could help ?
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Smart Grid architecture



Smart Energy system, optimal  management

Production

Storage Smart Grid 

Energy Consumption
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Connecting electrical system components and actors ? 

Market Operation Service provider

Generation Transmission Distribution Customers
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Smart Grid : 
Connecting electrical system components and actors ? 

Market Operation Service provider

Generation Transmission Distribution Customers



Optimal management of the demand-response 
• Enhance the demand estimation
• Enhance the estimation of the energy sources availability

Smart Grid provides

• Adaptation of the electrical production to the demand.
• Incentive measurements (price variation) for peak demand 

reduction.



Security
Reduce operating faults:
• Rapid localization of the fault.
• Rapid intervention to confine the fault.
• Rapid reparation and system re-start 

Smart Grid provides



Resilience 
- Develop a global understanding of the electrical system and its interaction 

with other systems (networks, end-users, environment,..)

Smart Grid provides

- Learn from the system failures (natural disaster, technical or human 
factors)

- Improve the system capacity to work in degraded mode
- Improve the system self-healing



End-users involvement
• The global information system leads to better adjustments 

and cost management.
• Consumers can use more efficiently local production and 

storage.

Smart Grid provides



Smart Grid 
and Power 

Quality
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Smart electrical system: SunRise pilot project 

Campus of Lille University Electrical system



PlatformInformation 
System

•Asset data  (GIS)

Communication  
web server

• Users
• Technical team
• Management team Analytical tools

Smart Electrical Grid

Communication : 
• Optical (wired)
• Contactless

Monitoring: 

Security Savings

Substation:
- Tension
- Current
- Frequency
- Temperature
- Consumption
- Switches  (ON/OFF)

Consumption
Time table

Renewable 
Energy

• Monitoring data



Transmission System / LinesSubstations

HT Network

Electrical Equipment / Transformers 20kV – 240mm2 lines / Data Network



Distribution LinesDistribution System
Distribution Station

LT Network

Line Thickness
90mm2/120mm2/300mm2



HT Network LT Network
Electrical Network - ArcMap



Substation function (N)

Transformers Distribution Panel (TGHT)



M6

HT: 20 kV

FAULT 
Located

A2

LT: 380 V

Operational Security

Main Substation - PDL

FAULT!!

Server

• Reliability
• Safety / Security

SunRise Database



Substation
Information 

system
Information 

system

Verification of « lost data »
Lost data actions: Replacement, alert

Data 
Cleaning

Verification of «data  range »
Out of range data action: Replacement, alert

Data Processing & Storage

Raw data
• Current
• Voltage
• Frequency
• Consumption

Optic 
fiber



Data analysis 

For any system or subsystem (building, floor, group of buildings...)

Historical 
data

Artificial 
Intelligence

1) System profile
Normal operating mode
(Average, Min, Max,..)  

2) Analysis of:
• Abnormal events
• System performances
• Improvements



Data analysis 

For any system or subsystem (building, floor,...)

Real-time data
+

Historical data 
(Profile)

Artificial 
Intelligence

• Detect “abnormal event”
• Localization
• Analysis of events severity 
• Actions (alerts, 

switches,..)



2. For each category and for each hour:
• Determination of the mean value (Vm) and 

standard deviation (Vsd). 
• Construction of two expected intervals:

• Interval 1: [Vm-2Vsd, Vm+2Vsd]
• Interval 2: [Vm-3Vsd, Vm+3Vsd]

1. Identification of days “categories”:
• week end,
• working day,
• summer day,
• winter day,
• vacation day,
• specific event day

3. Conduct steps 1 and 2 to other time-scales

(weekly, and monthly)

Consumption Profile



Global consumption of the scientific campus
Raw-data



Chapter 3: Analysis of the electrical consumption of the scientific campus 
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From these classes, we can roughly identify the following five levels of 

consumption, which are summarized in Table 3. 

	

 
Figure 3.8. Level of the campus consumption 

	

	

Table 3 Levels of the daily consumption of the campus 

	

	

Figure 3.9 details the consumption of level 1. We observe a homogeneous class with a 

mean value close to 30 MWh/day, and a standard deviation of 2.16 MWh. The standard 

deviation is equal to 7% of the mean value, which confirms the pertinence of this class. 
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Conclusion



Electrical Grid: Great challenges 

Electrical grid 
- Critical infrastructure 
- Aging infrastructure
- Increasing demand



Electrical grid requirements: 

- Increase in the security (reduce the outage)

- Reduce peak demand (pricing)

- Use of renewable energy

- Energy storage

- Improve the system efficiency 

- Users involvement



The Smart Grid is the solution:

• Better understanding of the demand and available resources
• Ensure the global balance 
• Optimal management (production, transport ,distribution and 

consumption)
• Increase in the security (real-time control, self healing)



• Integration of renewable Energy 
• Integration of energy storage
• Dynamic pricing (reduction of the peak demand and  reduction of the 

customers expenses)

• Optimization of the investment (upgrade, modernization, 
extension,..)

The Smart Grid is the solution:



The Smart grid solution: Mature Technology  

• Already used around the world 
• Very good experience in the implementation

Yet, we still need more experience in 
• The interaction with customers 
• Dynamic pricing (economic model)





Grid 
management 

in the UK



Economic model for the Smart Grid

Investment 

Savings – Peak 
reduction

Savings – Manual reading



UK energy 
regulator 

demands report 
after 

widespread 
power outages



Electrical outage in US  

Outage over 
100 MW

More than 50 000 
Customer 

US, 2012: the cost of electrical 
outages = $150 billions



How Smart 
Meters 
Work



Smart Grid ? 



Innovation and 
Smart Grid at UK 
Power Networks


	Section par défaut
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7: Electrical system – France
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12: Electrical Grid 101  All you need to know !
	Slide 13: Electrical demand management
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40: Electrical system
	Slide 41
	Slide 42: Transmission System / Lines
	Slide 43: Distribution Lines
	Slide 44: Electrical Network - ArcMap
	Slide 45
	Slide 46: Operational Security
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66: Smart Grid ? 
	Slide 67


