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Smart EV charging overview 

!  Use$case$objec*ves$
•  Design$an$efficient$C4DAX$pla9orm$for$EV$charging$services$
•  For$the$grid:$Efficient$demand$response$control,$Energy$load$balancing$
•  For$the$EVs:$Op*mised$service$performance$(e.g.,$reduced$charging$wai*ng$*me)$

!  Charging$scenarios$with$EV$–$grid$communica*on:$
•  Parked:$$Smarter$charging$for$op*mal$grid$opera*ons$and$user$experience$
•  On3the3move:$$Ensure$op*mal$selec*on$of$a$charging$sta*on$

!  Main$actors$
•  Aggregator:$global$aggregator$(GA)$and/or$at$charging$sta*on$level$
•  EVs$–$either$in$parking$mode$or$on$the$move$
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Smart EV charging overview 
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Why is C-DAX suitable? 

!  Flexible$support$of$different$communica9on$modes$

!  Security$func*onality$
•  C4DAX$key$management$to$defend$against$malicious$par*es$

• Where$necessary,$encryp*on$techniques$should$be$used$
(e.g.,$shared$privacy$sensi*ve$informa*on$such$as$EV$charging$preferences)$

!  Scalable$and$flexible$pla9orm$
•  To$add$and$remove$clients:$Simply$join/leave$the$relevant$topics$

$

Mode$ Scenario$Example$

14to41$ GA$controls$aggregators/CSs$for$informa*on$publica*on$

M4to41$ Aggregator/CS$condi*on$update$to$GA$

M4to41$/$14to4M$ Aggregator/CS$informa*on$publica*on$to$EVs$



Part I: 
Parked EV charging 



Demand Response for parked EVs 
Outline 

!  Introduc*on$to$demand$response$and$smart$charging$
!  Example$use$case$for$smart$charging$
!  Smart$charging$

•  System$overview$
•  Informa*on$flows$
•  Deployment$on$C4DAX$
•  Performance$analysis$

! Conclusions$



Introduction: Demand Response (1) 

Transi*on$to$ac*ve$distribu*on$networks:$
•  Produc9on:$Intermi[ent$RES,$dispersed$into$
distribu*on$grid$

•  Load:$increased$electrifica*on$

Trends & Challenges 

•  Storage$facili*es$
•  Integrated$European$grid$(on$transmission$level)$
•  Demand$response$services$

Solutions 



Introduction: Demand Response (2) 

Algorithms$focus$on$distributed$and$hybrid$approaches$
!  Scalability:$computa*onal,$memory,$and$communica*on$benefits$

•  Computa(onal:$Computa*onal$complexity$is$spread$over$users$(i.e.,$many$small$and$
simple$models$versus$one$large$and$complex$model)$

•  Memory:$Reduced$model$complexity$(e.g.,$constraints,$decision$variables)$
•  Communica(on:$Localize$communica*on$intensive$parts$

! Reliability:$avoid$single$point4of4failure,$limited$to$one$way$
communica*on,$…$

! Privacy:$users$no$longer$need$to$share$privacy$sensi*ve$
informa*on$and$hand$over$control$to$a$third$party$



Example scenario: Wind balancing 

! Aim:$demand3supply$balancing$by$exploi*ng$flexibility$of$EVs$
…$instead$of$grid$storage,$addi*onal$genera*ng$power,$etc.$$
•  Supply:$Power$generated$by$wind$turbine$
•  Demand:$EV$charging$

!  Exploi*ng$flexibility$
•  Always$respect$user$constraints$(e.g.,$fully$charged$when$depar*ng)$
•  Time$shiaing:$Control$ac*on$=$turning$charger$on/off$
•  Demand$shaping:$Adapt$charging$power$(in$[0,$Pmax])$



System Overview 

Global$
Aggregator$

Aggregator$

Aggregator$

Informa*on$sharing$

Incen*ve$(control)$signal$

Global$Aggregator$
!  Manage$system$objec*ve$(e.g.,$balancing)$
!  Process$flexibility$info$
!  Create$target$profiles$
$
Aggregator$
!  Manage$user$&$system$objec*ves$
!  Collect,$aggregate,$and$forward$flexibility$
info.$

!  Nego*ate$charging$plans$
!  Manage$sessions.$
!  Localize$communica*on$and$informa*on$
sharing$

$
Electric$vehicles$
!  Provide$flexibility$info$
!  Nego*ate$and$execute$charging$plans$



Virtual$Prices$

Information Flows 
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Target$demand$schedules$

Virtual$Prices$

Information Flows 
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Topic$ Mode$ Pub$ Sub$

$$$$$Target$sched.$ 14to41$ GA$ Aggr.$

$$$$$Aggregator$flex.$ M4to41$ Aggr.$ GA$

$$$$$Virtual$prices$ 14to4M$ Aggr.$ EV$

$$$$$Charging$plans$ M4to41$ EV$ Aggr.$

$$$$$Flexibility$info$ M4to41$ EV$ Aggr.$



Virtual$Prices$

Information Flows 
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Aggregator$ Aggregator$
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Charging$plans$
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Decentralized$&$
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DR$algorithm$

Centralized$DR$
algorithm$

C4DAX$client$

Aggregated$flexibility$info$ Target$demand$schedules$



RES balancing: Problem Statement 

 



System overview 

Mul*ple$types$of$users,$e.g.:$
4  Fast:$wants$to$be$charged$as$quickly$as$possible$
4  Flex:$doesn’t$care,$as$long$as$charging$happens$



Global Aggregator optimization model 

Minimize$“black”$
supply$(i.e.,$non4RES)$

Avoid$“discarding”$
supply$from$RES$

Aim$for$“smooth”$
power$transi*ons$



Aggregator optimization model – central version 

Minimize$“black”$
supply$(i.e.,$non4RES)$

Avoid$“discarding”$
supply$from$RES$

Exploit$“flex”$but$try$
to$respect$user$prefs.$



Communication over C-DAX platform 

xa ga

xv λ



Sample scenario 

!  T$=$31$days$divided$in$15$minute$*me$slots$

!  1$Global$Aggregator,$2$Aggregators$

!  100$EVs$at$home$charging$sessions$
•  3.68$kW$maximum$charging$power$
•  10$kWh$ba[eries$
•  Time$shiaing$and/or$demand$shaping$
•  Different$flexibility$profiles$tailored$to$user$preferences$
•  Sessions$randomly$assigned$to$aggregator$

! Power$from$wind$turbine:$Scaled$to$match$total$demand$over$T$

2$types$of$users:$
4  Fast:$charge$as$quickly$as$possible$
4  Flex:$only$deadline$to$meet$



Sample results: RES contribution to EV charging 

31%
Uncontrolled

61%
Hybrid

Centralized
64%

    71%
All-knowing

     Improve algorithm:
- Consider alternate solutions
- Hyper-parameter tuning

     Add/extend forecasting of:
- Future charging sessions
- Future wind energy supply

How to close the gap?

Distributed (BAU) 



Thanks. Any questions? 

chris.develder@ugent.be 


