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» Electric Vehicles — Case Study
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Architectural Design Framework INGPE
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/\ System perimeter identification »  External

identify clearly some elements like issues and interfaces
system environment, project purpose and missions,
stakeholders...
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Why Electric Vehicles — Context (1/3) "J% St
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Passenger cars (per 1,000 people) ECO2 - Economic & Ecologic

» Road transport consumes more
than 72% of the total transport
energy consumption.

» Internal combustion engine
vehicles are responsible for 10%
of CO2 emissions.

> 1.6 billion vehicles in the world
in 2030 and 2.5 billion vehicles in

@ World @ China United States
India European Union

Russian Federation




Why Electric Vehicles — Context (2/3) @E

Electricity Generation [ TWh ]
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Electricity prices France vs Europe
Electricity generation [TWh] by fuel type in France from 1945 to 2012
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CRUDE OIL PRICES 1970-2008
US$ per barrel June 2008

TN, Click on [LINKS) to [$139 BARREL

130 find out more
120 | $100 BARREL - JAN 2008
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- 2003 National plan by Prime Minister for large-scale industrial production
- 2008 New funds for accelerating R&D

» €250 million in soft loans

»Subsidy of € 5,000 for purchasing Evs

» Coordinating public purchase orders of EVs




Environment Modeling
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New disruptive technologies - New ecosystems

Environment / Cust States / countries
Infrastructure | laws and standards
\ /
Vehicles Financial
Producers Institutions
Energy ICSs : Information and
suppliers Communication Systems




Context Operational Analysis
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Distribution /
Conmunercialization

EV comnected to
Electric Network

Mamtenance

; - Recyclm,
/ Reparation Beevels

EV's operational contexts.
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<EN is not functional>
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EN’s operational contexts.
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ICS’s operational contexts.
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Use case / scenarios to elicit new functions "

i

Energy
Supplier

i

User ICS

Supply with
energy

Use cases of an EV.

Exchange the
battery

Recharge at
home / Work

«extendy___
e

o

&

Recharge the
Battery
~
.
I

wextend»

Recharge at
charging station
Energy
Supplier
«extend»

Recharge at fast
charging station

Details of the use case “Supply with energy.”

Recharge at charging station
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User ICS. Charging Station
:Customers| |1CSs:Information and Communication Systems| |Eneray suppliers
| |
| M2

The \ehicle authenticates to the charging station
Charging station verifies authentification in the ICS.
Response of ICS

Response of ICS

EV
Electric Vehicles
0 !

altt: f authentication succeeds

paralel!
Recharge starts

end par!

]

loop
The charging station exchanges information with the ICS
during charging

end loop

end par2

|
|
[
|
T

‘The userinquires about the state of charge ofthe vehicle,

‘The user retrieves the vehicle

‘The charging station sends the payment information to the ICS.
end alt!

I3
, DD M9

alt2. if authentication does not succeed
‘The charging station infomns the userthat he cannot useit

end alt2
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Example of scenarios associated with the use case “Recharge an EV at charging station.”
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SysML Diagrams to support MBSE .'J«e% SE
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States Static views Dynamic views

il o

Operational Analysis

Functional Analysis

Structural Analysis
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An ongoing transition?
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Conclusions
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Importance of Operational Analysis over the whole
system lifecycle

Modeling the system environment is crucial

Need to maintain these two models
— Relevance of the environment w.r.t. an evolving context

— Examples related to our case study

« EV development in Japan (given the impacts of Fukushima) and
in USA (considering the shale gas context)

» Ongoing energy transition in Germany

Usefulness of an architecture design framework to
perform pertinent analyses




Future work / ideas L TH0
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Link System Modelling with Business Modelling, in a Product Line
Engineering perspective

Innovation Dynamics for Development & Expansion of Electric

Ve h | Cl €S Need for policy action

(crisis, opportunity)
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Thank you!

Questions?
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Figure 1. The efficient frontier for current and future technology contrasting sustaining

and disrupting innovation.
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