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« Energy management system (EMS):

« Maximize utility, minimize energy cost

* Model predictive control with shrinking prediction horizon
« Robust power balancing under forecast uncertainties
« Using the storage to meet the minimum demand under line faults
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EMS

Optimization problem: e — energy, P — power, A — energy price

min
pB

s.t

storage tate-space-equation and capacitiy constraints

main grid min/max and variation constraints

consumer min/max and variation constraints

line capacity constraints; wind power generator constraints
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EMS — forecast profils

Wind generator power with wind energy price: A" =50 $/MWt
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« EMS is infeasible under forecast disturbances, thus the need for
robust approach
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Robust EMS
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Rahimiyan et al. (2014)

« Set degree of robustness by rfand
« Less conservative than minimax MPC
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Robust MPC approach for EMS

Minimax EMS

min max
PB WS . \'v)".'l'/

s.t. previous model

W, max PAW,min PAW.max Vi, min
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 Consider worst-case scenario for disturbance
« Solved with YALMIP Lofberg 2012
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Performance under disturbances

Total utility of consumers:

24
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* Minimax provides good and * Robust EMS depends on
feasible results parameter choice
. Good performance * No unique optimal parameter
independent of parameter choice
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Line faults
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Performance under line faults
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Conclusion
Forecast Disturbances
Minimax EMS feasible for » Feasible Robust EMS can
every trail achieve better performance
Line faults
EMS can handle faults « Feasibility depends on the
without forecast information workload

* No energy reserve required
» Faults causes infeasibility if

system is underdesigned
Line capacity
Power flow

Same performance as the
nominal case

Undergoing work:

Analysing different architecture

17
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Line fault
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Table 4.1: Comparison between nominal EMS, robust EMS and minimax EMS

Approach | utotal [S] | €total | Vo NS | N2 | Va1 Built time | Sim
[Gwh] [$/MWh]| (healthy/ | time [s]
faulty) [s]

no Fault 3.92-10%|5.11 | 0.035] 1 1 7.66 9.77/0 3:2
Linefault1 | 3.92-10%|5.11 | 0.035] 1 1 7.68 0.84/6.36 | 2.68
Line fault | 3.92-10%|5.11 | 0.035] 1 1 7.68 9.88/6.32 | 2.65
2

Line fault | 3.92-104(5.11 | 0.035]| 1 1 7.68 9.89/6.35 | 2.70
3

Line fault | 3.92-104|5.09 | 0.035] 1 1 7.70 9.85/6.35 | 2.70
4

Line fault | 3.92-10%|5.09 | 0.035] 1 1 7.70 9.89/6.37 | 2.68
5

Line fault | 3.92-104(5.11 | 0.035]| 1 1 7.68 9.84/6.35 | 2.68
6
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Grid fault
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» Feasibility until minimum demand cannot be met
« Storage is required

* Meeting the minimum demand
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Local self-protection function for
power line communication node
in DC micro grid,

T. K. Tran, H. Yahoui, D. Genon-Catalot, N. Siauve, N.
Fourty, T. H. T. Ma
AMPERE Université Lyon 1

LCIS Grenoble Institute of Technology, Valence
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Toward Robust
DC Microgrids

Hervé Morel, Pascal Bevilacqua, Guy Clerc,
Romain Delpoux, Emil Dumitrescu, Jean-

Yves Gauthier, Xuefang Lin-Shi, Eric Niel,

Laurent Pietrac, Jean-Francois Trégouét.

f"" == INIVERSITE
() Lyon1 @ () bELvON

A



SEE S @ GT Micro-réseaux - Journée Scientifique Nationale - 2018

Context of grid, pgrid and DC ugrid

ugrids — building or district scale

DC ugrid,

Integration of renewable (PV) and
smart loads

Efficiency (25 % 1)

Smart Cities

MVDC

Integration of renewable &
e-mobility

Efficiency, better
control

Supergrids

HVDC

Source areas to consumer areas,
reduce intermittency effect

Efficiency, better
control
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1- Meshed DC ugrids

- - Hervé Morel, Pascal
Motivations Bevilacqua, Guy Clerc,

e A project to the ANR Call ! - innovation+feasibility
e Reduction (radial grid) of the amount of conductor
e Smart-Cities - complex - meshed MVDC

e Meshed DC ugrids are low cost vs. meshed MVDC
¢ Redundancy - better availability

e Better flexibility (to insert a new node)

Drawbacks

e Control flow (line limits)
e Existing AC grids ...
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Meshing Buildings

Building — regular structure
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Meshing Buildings (2)

Meshing Length Comparison
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Meshing Buildings (3)

Powering from the central node

, A , A
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For n=5 and the

: : : Same power
Average power is very low in such pgrid ! X 16.8pconductcy
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Targeted Meshed DC ugrid (ANR/C3u)

Completed by
CPER/GD3E project _

Control Flow Converters: '/'
- Smart Nodes !

Break
emulator

Not Addressed issues :

@ DC Breaker, Protection, Insulation
@ Bus Voltage - 400V

® Only emulation (PV,EV, AC-grid)

® Smart plug

PV,

Photovoltaic
Panel

LVDC+ Internet
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@ printer
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Legend

DC/DC converter,

With smart plug
Personal computer
Or office device

EV

Electric
Vehicle

Control of the lighting

Smart node
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LED lighting + DC/DC
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Smart Nodes
Split-Pi Converterssn

Vorr = split-Pi
Converters from
CATS,

20 KW x 6

communication i

Communication: carrier current technology on power twisted pair
- Ethernet + Power

Smart: Power management protocol (starting, protection,
optimization, user control...)
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Control Flow Control

s No configuration - robust control, Inspired from the
= At least one branch control the voltage, voltage margin
s Capability to control Power (current) method

S 7‘
. Open |
V B ~ circuit ‘
Max. - \
VB ® A | } - g i
V **************** : ‘ Pt .,-4@ 5& ; f--‘é e 1:1.|
N Fi ool + Conied
MIN U s _\7—
T - Short L : :
T  cireuit Validated by simulation and reduced
P | scale mock-up.
o : >
M. Barara et al. Control Strategy Scheme for
MAX Consistent Power Flow Control in Meshed DC Micro- .
grids, CoSys-DC, Grenoble, 2017 LY

Fompere
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Targeted Mock-up

2275, 20 kKW Emulation of PV panels
Target
i
AC connector Smart-NOde
snl
AC
! DC IDC NL1A
AC @
DC
A e Power Supply NLLp3
7DCCB ﬁ\l) NL1.p2 NL2A NL2B
AC DC DC
20 kW / “ e
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BUL I:I }DCCB

—— lation of

20 kW Emu

oo AC connector NLip1 t\ ﬁ

DC NL1B

DC

Back to back configuration
— only losses are generated !
Emulation of EV chargerj

Gompirs
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11
First Tests
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2 - DC Microgrid Control

J. - F. Trégouét, R. Delpoux,
J.-Y. Gauthier, X. Lin-Shi

Parallel interconnection of DC/DC converters
- Simplified Microgrid
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Optimal current sharring
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Primary control :
« Ensure stability for all R ;
« Relyonvandi

Secondary Control :
« Correct voltage deviation :

V(t) — Vref 3
 Define current-sharing
policy

i (A
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Experimental result
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3- Discrete Events and Grids

Emil Dumitrescu, Eric Niel,
Laurent Pietrac

» Power Converters + Power Protection Systems
» Event management protocols (start, open, short
circuit, failure...)

09/07/2018
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» Reconfiguration sequences —» global
ogic (coherence)

*» Decentralized nature of the grid - local
implementation of each global
reconfiguration logic.

» Reconfiguration strategy — supervisor +
model (behavior of the nodes).

» Synthesis by supervision, but obtaining a
locally distributed control logic remains
an important scientific lock today.

09/07/2018
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Conclusion

Meshed DC pGrids

» Meshed DC ugrids may reduce the amount of
conductor needed in a building.

» Meshed DC ugrids need a robust control flow
strategy (Smart-nodes)

» Our strategy has been validated as robust by
simulation

> Our mock-up has been tested up to 20 kW.

» Further robust control of split-pi converters is

needed.

17
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Conclusion (2)

DC Microgrid Control

® new primary control layer

¢ new secondary control layer (optimal steady-
state current-sharing policy)

e arbitrary number of converters

Discrete events and networks
e Global supervisor - distributed Supervisor

18
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To Continue ...

» Power Hardware In the Loop (PHIL)
» Protection Scheme -» Smart Nodes (Full SiC

Converter)

» Low-cost technologies (Smart Nodes)

» Advanced and robust control for (Meshed) DC
ugrids

» Decentralized Supervision

» Power Control Protocol - Smart Node Level
(starting, stopping, protection, user control and

optimization) : randomization

19
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l. Introduction of microgrid control structure

Il. Model Predictive Control applied to microgrids

IIl. Simulation results

V. Conclusion




SEESS @ GT Micro-réseaux - Journée Scientifique Nationale - 2018

Contents

l. Introduction of microgrid control structure
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Microgrid control structure

-

The tertiary control mainly focuses on the
economical optimization of the microgrid on
a long-term basis.

The secondary control aims to restore
nominal operations of the microgrid
following any fluctuation of the load or
renewable sources while minimizing losses
or the operating costs.

Weeks

Minutes

J

The primary control at the faster layer
ensures the power sharing between all the
active generators through well-known
techniques as classical droop control.

Seconds

Time scale
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Supervisor specifications

* The supervisor must be able:

To handle reference tracking, and direct/indirect indexes,
To handle multiple variables, multiple states,

To consider dynamics of the system,

To consider control/prediction horizon,

To deal with two time scale control/optimization.

MULTI-LAYER MODEL PREDICTIVE CONTROL
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Contents

Il. Model Predictive Control applied to microgrids
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Model Predictive Control (1)

- j .[Jrali(fl.ion el ’ -.?‘)pLhnlséltion 1'(-utiué,'i
. . : . o .
N . P
- \‘ " .. _;':I;.".‘.;I
Yy y it A < ren ik
—  MPC = SYSTTOM

T [eedback

An embedded model of the system predicts the future
behavior to define an optimal control sequence
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Model Predictive Control (2)
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Model Predictive Control (3)

Mixed Integer Quadratic Problem
Quadratic objective function:

min.J = f[a(i(k) _x (k))2 + B(Au(k)) +A(B,,, )2}

Linear Constraints:

X(k+1)=AX(k)+B.AU(k)+C.AD(k)
X, <Xk+D)<X,
AU, . <AU(k+1)<AU,
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Contents

IIl. Simulation results

10
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Test case .. \

...-’_:;. Islanded mode

Renewable:
100kW

Storage:

100kVV/300kvvﬁ\\\\\\\\\\\*

Storage:

. ‘/////////””// 100kW/300kWh
Renewable:/ '
100kW g

Modified CIGRE European LV network testbench

11
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Simulation cases

e Case 1:

The economical references are the only references for the
droops.

e Case 2:

The supervisor minimizes the losses and track the
references.

12
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Case 1

Line losses

50.06 - , — ' -

=" ——Mean losses: 0.006 p.u X gt |

? 0.04 | | ]

w

/5]

L2 0.02¢}

O

= | et e e v 1l S TR e P O e g

_I 0 = A —r— z 1 i L P I
200 400 600 800 1000 1200 1400

- Voltage profile

5 11 et

="

©

)

3

0

>

©

T

8. 0.95 ; ; ‘ : ' : :
200 400 600 800 1000 1200 1400




SEESS @ GT Micro-réseaux - Journée Scientifique Nationale - 2018

Case 2

. Line losses

5 0.06 - - T v

= —Mean losses: 0.004 p.u

® 0.04 | ’| *

%) . 1

w |I .
2 0.02| 5 1
GE) /“1 \ ; ) ( \leﬂﬂ' [

=} 0 FeIM G IRy N PORP,0 LW [y PO i W R PR S Lo A, S N )

200 400 600 800 1000 1200 1400
Voltage profile

i
o
O,

node voltage [p.u]

S
©
&
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V. Conclusion
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Conclusion

In general:

* MPC is able to predict the future behavior,
* MPC is able to tackle constraints,

 MPC to define optimal actions.

Applied to microgrids:
* MPC is able to tracks economical references,
* MPC ensure multi-objective operation.

16
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Thank you for your attention

Martin LEGRY
Martin.legry@ensam.eu
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.1 Problem setting: power commitment
with smart wind powerplant

’ n gls;n)
o ER

Renewable Sizing and
energy management of
sources storage device
(R.E.S.)

Increasing the participation
rate of R.E.S. in islanded
‘ electric grids

Participation to grid services

0Peria 10 20

Time (h)

« Py » : Committed power

« Pg,, » : Forecast power

« P4 » : Power sent to the grid
« CF » : Commitment Failure



SEEIS @ GT Micro-réseaux - Journée Scientifique Nationale - 2018

1.2 Power flow simplified (to be linearized) model:

power

— Power
P005|5| ility tg) y effectively
reduce production i
. . transmitted to
Wind turbine (curtailment) the Grid
produced

Remunerated
Power
(When CF=0)

N\ /
\P I F:EXCGSS €/
& : >

Power sent =7 p
(received) to ( hat ~~_
(from) storage '

Power effectively
received (sent)
by( from) storage
device

2 degrees of freedom
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Il. 1 MILP

e Linearization

P, Tk Py [k]At
Ppatlk] = Ncn. Pse ™ [k] + = [ SOC[k + 1] = SOC[k] + bat k]
Ndis Enom
* Problem implementation
5
7 Variables o
Time horizon:24h L BRI R TAT T com + 10
Time step At=10min s
1008 (7*24*6) decision variables . P Peor
Pyria k] = Peng k] — tol — P,,,;ss[ K] ppm;" P Pren- tol
Pgrid

Big M method:  MXCF[k] = P,,,iss[X]
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Il. 2 Objective function:

Sum all costs due to penalty and use of the storage device

+
Battery life cost: (PS;;T[k] — Nene Pt [k]) At
Costyiferionlk] = Costyijon- =

Ebat;,:

Penalty due to efficiency:

COStn LiIon[k] = FIT.

_ 1 —ng;
(en — 1) Pe " [k] + ——== Pst+[k]] At
Nais

FIT: Feed in Tarif
Power excess penalty: Cost,yc|k] = FIT. P, coss[k] - At

Penalty due to CF: CoStyen|k] = FIT.CF[k]. Pproalk] . At

COStTot[k] — COStlifelion [k] + COStn Lilon [k] + COStdev [k] + COStwas [k]
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Il. 3 power management comparative analysis

- Heuristic strategy directly run on non linear model for 1 year

- Days optimized 1 by 1 on linear model then assembled for 1 year simulation on non
linear model:

L. Pst
Heuristic >
Linear Pt

ea s

optimization

Day=1...365
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Il. 4 Comparative results between
Heuristic and Optimization:

M Linear Optimization Cost

MW Heuristic management Cost

600 000 €
500 000 €
- 400 000 € + 28%
L2 300000 €
200 000 € 158
13 122 k€
100 000 € 55 k€
0€ .
Deviation Storage Wasted Total
Cost Cost Cost Cost
L | L
management optimization difference

Cost | 534.6 k€ 418.2 k€ 27 83%

8.32% 5.78% 2.87%
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I1l. 1 Robust optimization: problem formulation

* Problem setting: variable FIT during the day

FIT(h)

+200 €/MWh

FIT (€/MWh)

Temps (h)

* Double goal optimization: commitment respect and grid
production => New variable P__

e Gain formulation instead of Cost

(If FIT constant: Gain = E,,;, *FIT- Cost,,,)
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10

1. 2 Algorithm o

&00

+ Autocorrelation

Chart legend:

P;,, is used to generate

Internal Loop .

External Loop

—

| Poroan)(1], -+ Poroar)[144]

Pfor —)
Pprod(N)[l]r 000 Pprod(N)[144]

= N;og MILP commitment with respect to
Non Linear random P, trajectories

T T
..

Letche ogroem |

ST

Worst Case

optimization Max F,,;, = Min(Gain(i))

(Clearing)
24 variables (P

com )

Mean Case

Time step: 10min. Max F,,;, = Mean(Gain(i))

7 Variables x 144: 1008 variables

Max F,y,;y = Gain

The MILP solves N
problems (P ,../Poroq [i1)
and returns N, o4 Fopig

prod
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Ill. 3 Calculation time

* One MILP Loop (Generation, solving, processing)
= 0.27s

e External Loop need Niter to converge:
-N... = N___*N + 2*N

Iter pop gene pop
- Ngene =200 ; Npop = 100
=> 20 200 iterations
o |f Nprod =15

- 303 000 MILP Loops
=> 81 810s >23h for one day...

11
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ll. 4 Questions

* Is N big enough?
The bigger the better& Calculation time

* How to evaluate the robustness of the optimization

Evaluate on the actual P, 4 for 1 year? A Calculation time

Evaluate on the N, ., generations of P ;7

* How the absolute optimization (=> not robust) of
the MILP impact the global optimization (external
loop?)

* Is the homologue function (Min(Gain(i)) or
Mean(Gain(i))) a gage of robustness ?

12



GT Micro-réseaux = l:tc Recharche
JSN - 2018 i

T Systéemes d’Energie Electrique dans
J leurs Dimensions Sociétales - GDR 2994
E SORBONNE UNIVERSITES

Hierarchical control of a meshed DC
microgrid

Igyso Zafeiratou! Dang Viet Anh Nguyen' Ionela Prodan!
Laurent Lefevre! Laurent Piétrac?

Laboratory of Conception and Integration of Systems (LCIS), F-26000 Valence Univ.
Grenoble Alpes, Grenoble INP

2Université de Lyon, CNRS, INSA-Lyon, AMPERE, F-69621 Villeurbanne, France

'

This work is funded by the French Research Agency within the framework of the project ANR-15-CE05-
004-02 C3u (Components, Control and Communication)

v fici '
)it LCIS, / \

LR



‘E,EEJ;S 0 GT Micro-réseaux - Journée Scientifique Nationale - 2018

Outline
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Introduction

* DC microgrid representation

* Modeling methodology
* Hierarchical optimization based control

* Undergoing work
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Outline

e Introduction
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DC microgrid

Meshed DC microgrid

DC microgrids: \
v

k *  Higher efficiency and minimization

- Solar power plant

Loady

> of losses (reduction of converters) o
- mputers
* Easier integration of various DC {L_ -
DERs in the transmission network /A' g—‘a S e
. Enevgy storage T ey [
*  More efficient supply of DC (,,‘.,,"'f:f:‘,s,,‘:,,‘,’fmw, i Mobiles
loads e = = N 09 Lep:
o et s e s
v--\'ﬂ---l!ﬂ m,;:—— = o %9949
‘ N | | Electrical
. e g e vehicles
Meshed topology provides reliability:
* Power can be provided through other ’
sources.
Power flows through multiple paths Characteristics:

among the nodes. «  Strongly nonlinear systems

A faulted line can be isolated.: .

e power supply continuity .

Distributed in space
Multiple timescales
* power transmission efficiency - Variable profiles and costs

e Hard constraints

BT S
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Modeling and control methods

Fuzzy modeling
[ Takagi. 1985]

Agent-based modeling

[Logethiran, 2008] Passivity-based methods

[Schiffer, 2014]

Differential equation
based modelingnai, 200/~

Gradient-based methods
5 [Feijer, 2010]

X \ Robust optimization

Port-Hamiltonian ,
mOdehngIDuindam, 2009]

[Batistelli, 2012]

Constrained optimization
based controlirawiings, 2009)

Rule based approaches A// \\ MPC via machine

[Sechilariu, 2014] learni NE (Drgona, 2018]

Multi-layer approaches MPC with mixed integer
[Gupta. 2015] Programmmingp, o 2015]
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Outline
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* DC microgrid representation
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DC microgrid representation

6

Uity grid
DERs: s o E Split-Pi converter:
\ » , ! DL breaker
= v Utility grid | " v Buck-boost converter
v PV system 5"'*“* v' Bidirectional
v"  Lead acid batteries DC bus | g node:3 v" Four functions
'y
PV system ==
E.E i — Split-Pi converter ——#,, e Spiit-Pi converter ——5 Loads
e nade:d nud-'f.'.lf o
I p Lead acid batteries:
. . ) ]
Slow dynamics: Ainode:2 Kinetic battery model:
- Power generation and distribution '/ - I<p
v v C5plie-Pi converter " i
Fast dynamics: Global 4" =
) ) o Siiprervision L q92h qih
Switching activity of the converters TR h2b hiib
\ batterics
Z 28 "
— —J = Ve
. bound charge  available charge
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("

/

Objectives

Minimization of the electricity cost by optimizing the energy

consumption.
Minimization of the power losses within the transmission lines.

Satisfaction of the consumers demand by forcing the use of the PV

and the energy storage.

Constraints satisfaction concerning the power, the current and the

voltage.
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RIL.C circuit network

\ The meshed DC microgrid system will be globally represented as an RLC

electrical circuit for proceeding to the modeling part.
titiny | . dgft)
L1 g
Split-P Canverter Sp - Comvedhe
BV cell /l-... wo: ||| B 1!\ . E _,1 . o kl\
1 I q b o s g e JI' e

Ripv 2 Uerered 13

]
o
ul
-
™
il
H
=
ot
-
£

I;‘l:l|lj'r|l.l' Eﬁ

a ssc-v CIse Leaaels
e RN

Kl fariter hYTLE Y

B2k infr) Rip Igp inft)
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Outline

* Modeling methodology



'
SEES 0 GT Micro-réseaux - Journée Scientifique Nationale - 2018

DC microgrid modeling

Source (5. Se)
* Bond Graph[Schiffer, 2014]

("

Y

/

s | fs

7
& -E'_E- : :
Storage (C, 1) <~ 7 @ T Lyissipation (R)

g .Jr.l'i'

 Port-Hamiltonian formulation

= [J—RQr — Gu
y=G'Qx+ Du

Main advantage:

The power exchange, the dissipation and the energy storage are given explicitly.

10
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Outline

* Hierarchical optimization based control
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Hierarchical optimization based control

Electicity price

=3 23.73)

Pa:,ar:FfoHF:- +Fei-Fov

— High level

vhitlihit)

P e
g ihiil g 2pfi L

Vee inliige inlt)

Low level

fidddie fovel «LT10(M: 42b0K)

Ernerey g { B, G bt

Mesisiory
Slevie J§ =

i fuef 8 d 26t /

'P‘L?"l.-' P.lll:.ld'n'r..lz‘n'
rd

CONTROLLER

Dynamical models:

— PV cell

— Split-P1 converter

DY NAMICAL MODEL

* Reference profiles:

— External temperature and solar irradiation
— Lead acid batteries (KiBaM) — Users demand

— Electricity price

Control variables within the DC microgrid:

— Duty cycles of the Split-Pi converters

— Power on the nodes of the central transmission network

12
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High level control

e Goal

— Generate optimal profiles related to the battery charges and discharges while
minimizing the electricity purchase from the utility grid.

e Method

— Flatness representation of the battery’s model gy s 19551 -

= Generation of optimal profiles

\

%
R

Flat outputs of the system Split-Pi/Battery:

-

1 pise(t)? 1 pase(t)? L gose(t)?
u.:p 2() +Igs,-ﬂp 2() +Czs.:q 2()
z9(t) = q3sc(t) + qip(t)

z3(t) = qap(t)

z4(t) = q2sc(1)

z1(t) = ;

13
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High level control

* Flat representation of the battery:

We consider the current and the voltage of the battery in function of the flat outputs

{

Y

i

and their derivatives

: . C .
is(t) = CroRap2a(t) + (5> + 1)2a(0)

1
vp(t) = Rapza(t) + C—zg(t}
“2b

* B-splines parametrization[smican, 2017 for calculating the flat output
derivatives.

e AT ol tery .
Rop  ipt) Rpp dsc infl)

_eRls Ly dnf®)
TL”-:!: ‘T :

f'SL~_aurffi

14
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{

Y

i

RN

High level control

* Obtain optimal reference trajectories by minimizing the cost function:

Jh = / ! e(t)(Pes(t) + Ploads(t) — Ppo(t))dt =

tg

tf
— / e(t)(ip(t)vp(t) + Ploads(t) — Ppo(t))dt,

0

where Pou(t) + Ploads(t) — Ppu(t) = Pug

Constraints:
iRl .Fl."'.'.l'.u'r__p'

121V Zu(t) £ 12.0V Rob it Ripy dnc jnfti

B ~ - J__{ VAT T Ve it

—14.54 <ip(t) < 19.54 ;:.-’: i :
T20AR <gap(t) < TT.4AR

—2000W <Py, (t) < 41000

iy gl

15
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N
",
N\~

V

LR

Simulation results

The flat output z(t) is projected over N B-splines of order d : z(t) = Eil pi-b; a(t) = PBy(t)

s

N 20 25 30 35 40
d 4 4 4 4 4
Electricity cost [euros] 2514 | 2.427 | 2448 | 2396 | 2.125
Calculation time [s] 134 197 309 444 535
Number of charge/discharge 4 6 5 9 11

The cost with using the battery is equal to 2.515 euros.

Statc of charge L:-I'Ifflb [%2]

) a 1 1 5 kS L [ I & 12 z0 e Ry
Stawe of charge of'C | | ¥

Foeeer |0 |

L 3 dq K] = 1 12 4 IV 15 i a3 =

Dhaulery slate af chures [M46]

L
.
1 L N - L
ﬂ— : i
1 1 1

I 12 4 I 15 i 2 2 i- . : ! * * * - ; - — -
Tiine [h] I 3 E| H ] 11 1= 1= 14 - i o 4

16
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\ ,

_ L/

>

Middle level control

e Goal

— Solve a tracking reference problem according to the reference trajectories
obtained in the high level for the voltage and the current.

Reference profile of the Split-Pi
output voltage:

el (6 = vl () + < () Ry

SC i1

e Method Constraints:
— Discrete-Time Model Predictive Control (MPC) 12V < o {t) < 13V
—15A4 < g{l) < 204
T2Ah < -!]‘I__::t,lt:l =X THAR

— 21000 < P, (1) < 42000

Optimization problem over a receding prediction horizon N,,:

k+Np—1

min Z (@) = 57 ()T Qe @) — 77 (0)) + (a(0) — " (3)) T Ra (a) — &/ ()

17
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Simulation results

Solver
k — JPOPT with YALMIP + MATLAB i ' -

Latlery chirse llihm [Ah]

0 _
B i) [,‘,‘] Puswer of e ualily erid l”__1E [kw]

2y diag(1, 1) o Vm
R. 800 P : ' '

i : 3 i 1. 1! 12 1= I T BN oy L

i
Tim: [T]

] 2 L) i x 1 12 [E [H] I ]

Tracking Belerenge -;:-I'ihi LA e

Puwer Bulaneiny

i — W
-1
1 | H 1

u T T T TR
Iruching Belerence ol v (0 [V]

‘\ '|q d—/_\—/_x
."".,,-F_r b
|
= 1

A
= 'i -
Fraaser kY

] k) o I ] L} i 4 [H]
Conreal Tapul “..-‘E__ j..f"' ]
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Outline

* Undergoing work
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Undergoing work

("
[

Y

Low level control problem formulation

/

Consider the power losses
Fault mitigation and reconfiguration
Theory combination of differential flatness, Bond Graph and

Ly pra’

port-Hamiltonian formalism . —

fowwad &

_ ZERN]
i
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PLAN DE LEXPOSE

1. Contexte du projet Infrastructure Intelligente

pour la Recharges des Véhicules Electriques
(IIRVES)

IIRVEs alimenté et piloté par un micro-réseau

Etude d’acceptabilité sociale

3.1. Approche marketing et sociétale
3.2. Etude qualitative
3.3. Etude quantitative

Plan d’actions pour le projet IIRVEs
5. Conclusion
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1. Contexte du projet IIRVEs

* Electromobilité et véhicules électriques
 Croissance du stock des VEs (BEV et PHE)

25 ............................................................................................ OtherS

i Sweden
Germany

i France

B United Kingdom

mm Netherlands

m Norway

I Japan

I United States

i China

e BEV

= BEV + PHEV

Electric car stock (millions)

2010 2011 2012 2013 2014 2015 2016
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1. Contexte du projet IIRVEs

2500 S00% W Private chargers
3 200 400% o ¥ Publicly available fast
§ e chargers
£ 1500 300% § ™ Publicly avallable slow
P w chargers
£ . ;
2 1000 200% .g » Growth rate of publicly
w 8 available fast chargers
] 500 e C 100% £ * Growth rate of publicly
& = C accessible slow chargers
0 fr— - . 0% ® Growth rate of private
chargers
2010 2011 2012 2013 2014 2015 2016
Source : International Energy Agency
Electric car stock Publicly available slow chargers Publicly available fastchargers
2 million 212 000 outlets 110 000 outlets
® China
® Japan
» United States
® United Kingdom
» Germany
» France
u Norway
» Netherlands
B Canada

» Others
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1. Contexte du projet IIRVEs

 Consommation d’électricité et pointe de puissance électrique

40 ' . .
/EV charging
— 30} " sl
= ",..'base consumpton
E‘ /
| . 2()
(3]
£
Q
= 10t - -
0 — ‘ : . —
(0 3 6 9 12 15 I8 21 24
time Thl
40 r u ' Y
= | : base consumpti‘nn—\"
N .) A ) S
o &y EV charglné T
210 — :
() A i A A A s = =

3 6 9 12 15 I8 21 24
time [h]

Source : E. Sortomme, M. a. El-Sharkawi. “Optimal scheduling of vehicle-to-grid energy
and ancillary services”. IEEE Transactions on Smart Grid, 3(1), 351-359. 2012.
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1. Contexte du projet IIRVEs

ADEME

PROJET MOBEL_CITY .

A8

N

* Micro-réseau intelligent, implantation
urbaine et régulation locale pour la mobilité
électrigue en ville

* Partenaires fﬁgna’es %AR(Q QVS'E f A

B SORBONNE CNIVERSTITS

LABELLISE

* Labélisations A |

Nawise Ererpétique Ces Erarsinements Blecuiques SMART FIECTRICITY, | USTFF

* Projet interdisciplinaire

o énergie-micro-réseau, mobilité, transport,
urbanisme

* Forte dimension sociétale
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2. IIRVEs alimenté et piloté par un micro-réseau

» Systeme énergétique innovant et son implantation dans un espace urbain
o une lIRVEs (infrastructure intelligente dédiée a |la recharge des VEs)
o une flotte hétérogene de véhicules électriques (VEs)
o un batiment ayant une connexion a I'lIRVEs

Batiment

Se décharge
dans

Réseau électrique

Véhicule électrique



SEESS @ GT Micro-réseaux - Journée Scientifique Nationale - 2018

2. IIRVEs alimenté et piloté par un micro-réseau

» Systeme énergétique innovant et son implantation dans un espace urbain
o une lIRVEs (infrastructure intelligente dédiée a la recharge des VEs)
o une flotte hétérogene de véhicules électriques (VEs)
o un batiment ayant une connexion a I'llIRVEs

lIRVEs

V2H: Vehicle to Home
V2G: Vehicle to Grid
I12H: Infrastructure to Home
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3. Etude d’acceptabilité sociale
* Méthodologie

Travail interdisciplinaire SPI et SHS
Approche marketing et sociétale
Etude qualitative

Etude quantitative
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3. Etude d’acceptabilité sociale

3.1. Approche marketing et sociétale

* Typologie de I'innovation des IIREVs

o Innovation incrémentale : recharge par énergie renouvelable
(ombrieres PV déja existantes)

o Innovation de rupture : stratégies V2G / V2H

e Systeme impliquant multiple acteurs
o Relations entre les acteurs
o Notion de services, besoin de Busines Model

* Existence d’un consommateur triple

o Utilisateur VE (charge-décharge)
o Maitre d’ouvrage (batiment) (V2H, I2H)
o Opérateur du réseau public (charge, V2G)

10
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3. Etude d’acceptabilité sociale
3.2. Etude qualitative

* Objectif : questionnaire ouvert dont les résultats aident a la rédaction
du questionnaire quantitatif

* 67 réponses avec un échantillon représentatif

* Attentes de la population par rapport aux bornes de recharge
Rapidité, bien localisées, accessibles, bien intégrées dans I'environnement urbain

* Quelques incertitudes sur le projet, son utilité et son efficacité
Incompréhension sur le principe de décharge-recharge (V2G, V2H)
Incompréhension du Business Model (V2G)

Inquiétude sur le niveau de batterie restant apres la décharge (V2G, V2H)

* Favorables a la recharge par une source d’énergie renouvelable
malgre des incertitudes sur 'intermittence, le rendement, le cycle de
vie et la pollution

e Réserves sur I'emplacement des ombrieres dans la ville

11
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3. Etude d’acceptabilité sociale
3.3. Etude quantitative

e Questionnaire rédigé sur la base de SurveyMonkey-

Approche marketing

Etude qualitative Linked m

* Questionnaire a choix multiples : 33 Ewitter

guestions
Profil de 'usager

Borne de recharge et systeme de décharge-

recharge . jtremplin
Recharge par PV et ombrieres
* 629 réponses : vision positive du projet ~ARC

avec quelques doutes focToymanioy e,
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3. Etude d’acceptabilité sociale

3.3. Etude quantitative

* Profil de 'usager

Etudiant S50%

18%

Cadre supérieur

Profession ]
Intermédialr... 10%
B — : L
preign Femme Employe 10%
5% {7) (administrat...
Retraité . 5%
60 ans et plus -, i
&% (10) Artisan, 3%
Commergant, ..,
/ Autre
36560 ans —_| 3%
305 (i58) (veuillez... I
— = 15425 ans
34% (39 Ouvrler m 2%
L5

£
26&35ars 7
0% (62)

Sans activite
; 1%
professionnalie

0% 10% 20% 30% 0% 50%
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3. Etude d’acceptabilité sociale
3.3. Etude quantitative

* Borne de recharge et systeme de décharge-recharge

Acceptabilité de la décharge partielle de la batterie .
- 5 thématiques

Qui
19% (12)

- Caractéristiques et implantation @

- Tendance générale a I'acceptabilité Q/
. . V.

- Modalités de la décharge-recharge 4 =

- Intention lucrative

D @

- Destination de I'énergie

Oui mais sous

certaines 65% (381)
conditions

14
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3. Etude d’acceptabilité sociale
3.3. Etude quantitative

* Recharge par PV et ombrieres

Acceptabilité de la recharge par PV et ombréres .

- 97% des sondés ont répondu gqu’ils ne

considéraient pas 'ombriére PV comme un frein ;*;"(15)

au projet

- MAIS 54% des sondés sont réellement
indifférents au lieu d’implantation de 'ombriere
PV

- 58% des sondés seraient plus favorables a
I'implantation des ombrieres PV s’ils sont
consultés

Qui
97% (511)
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3. Etude d’acceptabilité sociale
3.3. Etude quantitative

* Tendances globale : FAVORABLE

=> Recharge par panneaux photovoltaiques : 97%
=> Ombrieres : 96%

=> Décharge-recharge : 84%
- dont 64% sous certaines CONDITIONS

16
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4. Plan d’actions pour le projet [IRVEs

 Améliorer I'lacceptation du projet

Borne de recharge

* Appréhension sur la mise en place du systeme décharge-
recharge

* Suivi en temps réel et a distance I'autonomie de la batterie
* Transparence des informations de décharge-recharge
* Facilité d’utilisation et d’une liberté d’interaction avec la borne

Panneaux photovoltaiques (PV)
e Communication sur les améliorations du rendement des PV

* Communication sur les efforts effectués pour minimiser la
pollution engendrée par leur production et leur recyclage

* Consultation de la population locale pour la mise en place
d’ombrieres PV
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5. Conclusion

* Micro-réseau intelligent, implantation urbaine et
régulation locale pour la mobilité électrique en ville

o Electromobilité
o Systeme énergétique innovant
o Interdisciplinarité

* Transition énergétique
* Transition numeérique
* Transition environnementale

* Dimension sociétale

* "humain au centre des préoccupations et des études

18
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Merci pour votre attention !

* Questions, remarqgues, commentaires ??

SHESS @

GT
Micro-réseaux

JSN - 2018

Systémes d’Energie Electrique dans leurs Dimensions Sociétales
GDR 2994
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