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SmartMicrogrid

B

e High penetration of distributed
energy resources

F /lk ; e High stochasticity in the
production levels of energy

® (Great potential performance
improvement (green inexpensive
m energy and a number of ancillary
R 0 services)
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SmartMicrogrid

A Smart Microgrid is a portion of the electrical power distribution network

- that connects to the transmission grid (utility) at one point
- that is managed autonomously from the rest of the network
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4 The Objectives : )

to operate theMicrogrid optimally
while satisfying some constraints
on how the microgrid
interfaces with the rest of the network.
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Aim of the work

To develop a distributed feedback control strategy to minimize
power distribution losses, by controlling the reactive power
injected by the Microgenerators (ORPF problem)
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Reactivepower: theintuition

Y4 Lossless electric components need current
but they do not need electric power

_|_
<> However in order to bring this current to
these components some electric power is
dissipated along the transmission line

Y 4
Generator User
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Reactivepower: theintuition

Y4 Lossless electric components need current
but they do not need electric power

_|_
<> However in order to bring this current to
these components some electric power is

Generator User dissipated along the transmission line
Z1 /2 . .

It is convenient that the current

is provided by the closest

C) generator, namely by the
- generator which is connected to

the lossless component by a
A line with the smallest resistance
Generator User Generator
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A model of amicrogrid

ELECTRICAL GRID MODELING
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A model of amicrogrid

1 ol
P

Power line

Connection
to the utility

microgenerator
load

¢ §

Power lines: impedances i.e. linear constraints on currents and voltages

Microgenerators/loads: linear constraints on the (active and reactive) powers
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A model of amicrogrid

Sinusoidal regime: We assume that the system works at the sinusoidal
regime at a certain fixed frequency.

u(t) = |u| cos(wt + 2u)

Phasorial notation: The signal u(t) is described by a complex number u € C

u = |u|e/4*
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A model of amicrogrid

Variables of the model

® u, voltage at nodek
® [, currentatnodek
® j. currentatedgee

® /., impedence at edge e
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A model of amicrogrid

Variables of the model

® u, voltage at nodek
® [, currentatnodek
® j. currentatedgee

® /., impedence at edge e

O h m dasv

U — Up = ZeJe
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A model of amicrogrid

Power line

? Fé Utility asideal voltage generator

The utility ensures that the
voltage at the node 0 is equal

ré to the nominal voltage Uy

Connection
to the utility

microgenerator
load

|||—<>-1
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A model of amicrogrid

Power line

? Fé Utility asideal voltage generator

The utility ensures that the
voltage at the node 0 is equal

ré to the nominal voltage Uy

Connection
o the utili

microgenerator
load

|||—<>-1

_@_._:'_ ug = Uy Uy € R fixec
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A model of amicrogrid

The node k injects or absorbsa complex power

Ukl = S Sk =Pk +J qk _ -

pr = Rels,] active power T Ik

qr = Im[s;] reactive power
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A model of amicrogrid

The node k injects or absorbsa complex power

Ukl = S Sk =Pk +J qk _ -

pr = Rels,] active power T Ik

qr = Im[s;] reactive power

An intelligent node k (generators) can

® Measure the voltage uy

® Actuate the injected powers py, qx

\_
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We stackthe variables in the vectors p,q,u,i

Kr he grid stateis described by the static system of equations\

/ u=1Yi

< quUN

|\ Wiy =pytiq, v#O0

there Y Is the admittance matrix of the grid. /

Thereis anon-linear relation among voltages, currents and
powers.
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Keyapproximation (Bolognanand Zampieri TAC 13)

If Uy is big enough, there exists a solution u of the static system
of equations

U = UN(1+i2X§+;—45)

Un N

where 1 is the vector of all ones and X is a complex matrix s.t.

\ 161 < 411X11*[Is1I% /
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We introduce the following block decomposition of the vectors,
e.g., for thereactive power ¢

_ - ﬂx ffj\

QO PCC £ HJ_/—( /Aﬁ Y

P — L = 7 B
q = |9 f ﬁ/i f*% i
u, / = S = =

e (Gisthe generators set
e L istheloadsset
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Controlobjective

The costto be minimized is the Power Losses(PL) on the grid lines

Power Losses = Z RelZ,]lj.|?
e

a2 )
ming, > RelZlljcl
e
s.t. g"<qy < C[M
\_ y
The constraints represent the microgenerators limited generation

capabilities
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Controlobjective

The costto be minimized is the Power Losses(PL) on the grid lines

Power Losses = Z RelZ,]lj.|?
e

a2 )
ming, > RelZlljcl
e
s.t. g"<qy < C[M
\_ y
The constraints represent the microgenerators limited generation

capabilities

NON -CONVEX OPTIMIZATION PROBLEM :  difficult to solve in
a distributed way
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Grid equatiomapproximation

All powerlineshavethe sameinductanceresistanceaatio

Z(e) = e/9 R(e)

where R(e) is a real number and 8 is fixed.

N
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Grid equatiomapproximation

All powerlineshavethe sameinductanceresistanceaatio

Z(e) = e/9 R(e)

where R(e) is a real number and 8 is fixed.

N

0 0 O
O M N

do |
qg=|9| - X =e%
0 NTQ

qL

RuggeroCarli Optimal ReactivePowerFlow



Grid equatiomapproximation

All powerlineshavethe sameinductanceresistanceaatio

Z(e) = e/9 R(e)

where R(e) is a real number and 8 is fixed.

o

/

By adopting the sameblock decomposition asbefore, we have

do [0 0 0
QZ[QG]—)XZQLGOMN
qL 0 NTQ
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Grid equatiomapproximation

Keyapproximation

If Uy is big enough, there exists a solution u of the static system

of equations
u=Uy ( 1+ X5 +}@
N N

o W,

Considethe set ofnonlinearequations Nodevoltagessatisfy

uO o 0
IUG] =~ ( Uy1 +§—N Pc — l:QGD
ur P — 14y,

0 0 O

o J
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Controlobjectiveapproximation

Exploiting the previous Proposition we can formulate the
OPRFProblem as

o )
ming, ) RelZe]ljel?
e
s.t. q'<qn<qy, heG
\ h h h y
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ming, ) RelZe]ljel?
e 4 )
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g S. t. q,’{‘thSq,"{', hEG)\ ming. QE7QE+ QENQL
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Controlobjectiveapproximation

Exploiting the previous Proposition we can formulate the
OPRFProblem as

4 )

ming, ) RelZe]ljel?
e 4 )

, M
g S. t. q,’lnthSqﬂd, hEG)\ ming. QE7QE+ QENQL

S.1. art<qn<qd, n
‘\/ :
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Dual-ascentlgorithm

We have beeninspired by the classicaldual-ascentalgorithm .
The Lagrangian of the problem

M
L(qe, ) = q& — at + G Nq + A" (g6 — qF')

g : the primal variable

A : the dual variable
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Dual-ascentlgorithm

We solve iteratively the OPRF problem proposing a dual-ascent like
algorithm which guarantees that g, < g}, he G in each iteration
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Dual-ascentlgorithm

We solve iteratively the OPRF problem proposing a dual-ascent like
algorithm which guarantees that g, < g}, he G in each iteration

(1) computation of the minimizer
gc = argmin L(qg, A(t))
(2] Lagrange multipliers update

A(t + 1) = max{A(¢) + y(gg—q™),0}

(3] component-wise projection and actuation

gt +1) = PTOJ_ o, oM) (Gc)
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Convergenceesults

Convergenc&esults

From standarebptimizationresultsit can beshownthat our
feedback controstrategyconvergesf

- 2
=0
\where p(M~1) isthe M~1 spectral radius. /
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How todistribute?

CONTROLLER DISTRIBUTED IMPLEMENTATION

3 (%)
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How todistribute?

Whentwo generatorareneighborsand cancommunicatevith eachother?
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