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Introduction

Power Network 7~
anetwork to send from various power ~ wEgeE |

supplies to each consumer
Optimal Power Flow(OPF) ==
optimize a certain objective over power . éi

et

network variables ]

Econstraints
(bounds on voltages, line loading, etc.)

——) we must optimize under certain constraints

Hrenewable energy .
(solar, or wind power, etc.) oo e e

output fluctuates widely and randomly, but predi dably
=) formulate an optimal power flow problem with battery

o R — |

Introduction

OPF has been studied static optimization, but... N
[ Introduction of battery ] ]

Dynamics of battery in OPF

distributed predictive control e e
—predictive information in the future
— constraints

. applicable[

« only by local information
cooper ative control
« simply enhance the power network

Optimize power consumption by applying the distributed-

objective of thiswork
[ cooperative predictive control to power network ]
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Power Network - example
Node Nerrrenemable
Genwration1

*Demand D1.D2.D3  «Generation G,
*Battery Bi, Bs, By +Calculator
*Renewableenergy Ri, R», R3
Link

pG = {(G1,D1),(G1, D2),(G1, D3)}

FDR = {(Ry, D1),(R2, D2),(Rs, D3)}

€vs = {(B1. D1), (B2, D2), (B, D3)}

Objective
emove battery level closer to target level ‘
Dirbued
ecurb costs Staraged1 Soar]

sequate supply and demand Sterage-8

Constraints
*Cannot charge battery more than the supply by the others
*Supply is aways nonnegative (without battery)
«about battery level
«Upper bound M in the sum of the supply to some demands

e B ——— -




Power Network

Network structure
B Node V=DUGURUBUC

Demand D — customer
Generation [ — nonrenewable generation T - -
(Gas, Coal, Nuclear, Hydro, etc.) / s
Renewable energy R — renewable, variable | | :
(Solar, Wind, tidal force, etc.) 4y — o )
Battery B — distributed storage L |
Calculator ¢ — scheduling flows of electricity W .
B Link ECVxV i
to demand Ep
energy flow &g
£ v { to battery En
battery info Es —>

information flow &; 4 Predictiveinfo Ep ---»
communication info K¢

Power Network is composed of several different links and nodes | i

Power Network model
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M odel

. wo1r (8 D1 ougnn ‘-‘
% &% each node has a calculator and own

R
m l objective function, they demand
only to achieve his goal

Node Objective function
N
; Ji=3"3 wp,( Z'u,q,,,(k) D i (k) + 3 wni (k) — ds(k))?
‘«_?_L% Demand D k=0jED i€ENGD.; i€ENRD.; i€ENBD.;

o= D weapy (k)

k=0i€G jeNDpac,i

N
. Battery 5 Ty =33 wpabi(k) — birer)?

k=01i€B

Mg, Renewadbleenergy R, = ry(k) ST wi(k)

JENDR.:

Optimize global power network to cooperate each other H

Power Network
>
: i

Problem of this system
| nstability of renewable energy

Mainly controlled by the weather
===) Itispossibleto predict at some level

«Dynamics of battery
F,-:bi(kqtl):b,(k)f S wii€B (1)

Past information j€NDB.i bi(k) : remaining battery level
= Thereisrelativity around of atime period

We must use dynamic optimization across multiple time periods
=) distributed predictive control

« simply enhance the power network
i> cooper ative control
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Cooperative Control

Power network tends to become large-scale
= Theamount of calculation become huge
Distributed control
Each grid controls only by local information
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When the power network is reconnected, it is necessary
to think about the optimization problem again

Centralized control Distributed control
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communicate relévant information
———

 E—

Uy
A4

Cooperative Control

Cooper ative Control
Each grid calculates all inputs only by local objective function

U(k+1) = k. (%) U=U/( 7)2 U(k)

average of U;(k) and U;(k) inthenodei connected directly

4+

« each node has own objective
function, not need to
allocate the common term

A a A b

« evenif it reconnects, the
object that takes the average
only changes
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Cooperative Control - Simulation block
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Block diagram
Cooperative control

-

Solar Panel

i

i | D ugn |
Ay o e
R

o fur (k)
© K. >
v ke
« each node hasa Buildi uak
calculator CEIE
« each node has own (k)i
objective function up (k)
) "
Ulk+ 1) =k 55w
U=U(
« average of the node
connected directly
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Simulation -24hours Simulation -24hours
Constant » Cooperativecontrol — . quadprog
« Predictive control N=1 l:ﬂ mﬁ g
horizon number o Lﬁﬂ e £l ",;' -ml N r-El ©
« each objective rzq =0.005 kg =0.5 R, S ¢ § y
function’s weight ) ' -
9 ;=05 k=001 &’ B .‘;3
: d =
* Battery bman =50 bo =23 e m T
bres1 = 25 Power network model - renewabler ) timeh] timefh]
: el g1t <= Dy —: renewableu,, Time Responses of D,’s each Power Transmission
Cooper ative control method @ Upt1 <— By i gneaionuy, .
B oD I l ) Uri1 €= Ry T S
Uk +1) =k (W)UZ ";ZU(]“) I . LA § ;lc]r;:g;an
k. =05 — . S 8 I
« calculate smulink model during 24 hours some behavior isdifferent, &
+ compared with quadprog but dmost meets demands §
simulink model L e N
Simulation 24hour D B R Simulation -24hour s random
‘ ) Constant
the value of calculated by each node  Predictivecontrol =7 mn .
—— Thereisno difference horizon number oy Lﬁﬂ el
on each node so much « each objective kg =0.005 ka=0.5 R, —H
function’sweight $,,
k=05 ky,=0.01 o
— remeale
—  ponertionr g « Battery b — 50 bo—23 B .m
— (U
P bref1 =25 Power network model
.  ded- gyl « demand d(k) + random(-0.5,0.5) X 0.1 @

power [KW]

‘0 v 0 1" 20

‘0 5 0 [k z5 o B
timelh] timefh]
Togolnaiuteot Temology M

Cooper ative control method

Uk +1) = ke (%)U: I 2 .

‘e = 0.5

add arandom element to demand,
calculate again simulink mode!
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Simulation -24hour s random, no battery
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first, calculate behavior on the “[ quadprog -
network without battery g
3
Power network model % o
o K 8
i [f D o )
-..-—’_|ﬁ[! -« ,.--EJ ) ) )
Ry ) 10, 5
time[h]
Ugit <= Dy ey .
- generation Uy, Cooper ative control
Up1| €— Ry = demandd,
= supply 18
demand - supply
z
) Ton
Both correspond to an irregular §_
change only by w414

B

° S imegh] ”

Time Responses of D;,'s each Power Transmission
Togolnsiuteot Temoogy

Simulation -24hour srandom

.. Cooperativecontrol ___ quadprog ”
[ g
=
U1 D1 ugiy |
¥ R | ’ .
1 T ~
01 = n \.! | o= r\\'f"'-—__w !
SR KL V) "
g T= Ny
Codmeanl YT el
abl
Ugll €— Dy —;Iﬂ%i'um Time Responses of D,’s each Power Transmission
up11 €<— By :ﬁ:“e;:;‘;':“w
Ur11 €— Ry :";’;‘:yy‘*" S« =~ : chargeb,
: demand - supply 3. — . attery Uy,
T -
3
Both correspond to o
anirregular change ¥

only by w11 DU [ SRS
tmeh) timeh]

Time Responses of B,'s Battery State
Takyo nsiuteot Techndgy W

Simulation 24hoursrandom D B R
D |
the value of calculated by each node | .. I_
————> Thereisno difference E )
on each node so much %
go:
— renemvable & a
— spply 05

: demand - supply

o))

power [KW]

a 3 3 z0 75 et ] 3
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Conclusion
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eIntroduction of cooperative control

« verification of the utility of distributed cooperative
predictive control by simulation

Futurework

« enhance the power network
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