JST-NSF-DFG-RCN Workshop on Distributed Energy Management Systems, National Science Foundation — Stafford Place |l Conference Center, April 20-22, 2015

Decentralized Control of Inverter Networks for Voltage Regulation
Kenji Hirata®, Akihiro Ohoril Nobuyuki Hattori! and Yoshito Ohta?

* Nagaoka University of Technology T DAIHEN Corporation ¥ Kyoto University

a\haggr‘mE'e'nt
Abstract Real-time pricing algorithm
Voltage regulation of distribution system becomes necessary as distributed power Centralized problem Each household
eneration increases reverse power flow. Inverters can contribute to voltage . =\ 2 2 ref B2 ref 2
BENETT | P . . & min 5 wp, (P — P))" + (@) min wp, (P — P;)" + (Q")
regulation by controlling active as well as reactive power flow. This work pref, Qref pref, Qref
proposes distributed control schemes for voltage regulation using inverters. subject to 1 pp P 4 po QI
2 N 5 subject to
. Pref re < S
Photovoltaic (PV) power plant ( )f+ (@ f) o preiy? 4 (Qref)? < §2
< gt g (P (@ <
L f f f
Control objectives: V =V, —y P < QI < AP
Assign required amount of reactive power to . D :
> Assign req e | | P Vo grid voltage P; Active power bound
Inverters an or voltage regulation. L = S; PCS capacity
» Inverters under severe temperature FGD_ y Power factor
COndI.tIOI’]S can share small amount of mvelner mvTer SvC Real-time price (KKT condition)
reactive power. % % Price of active power Price of reactive power
» Other inverters share equal amount of T T
. (9Vk oV Vi [OV
reactive power. pp. = E Y — — ] A\ E A= —— ]\
oP;  \OP; 0Q; \0Q
Residential solar systems Price Update
Sampler
: : 4 \
. 4 = <
Control objectives: M,{H]:A[k]_e(%) —— ;
» Maintain grid voltage T
» Inverters of all household can sell surplus power S e i g S S
<6V>T Pp1 : FI’niQIl J1(P1, Q1) + pp1 Py + P10 P | Pg1
High-order v, |- ppl] apP, . Poi | ot P? + Q2 < 52 0, _[—l_ 1 — |9,
power grid o Po1 av\" | V1P Q<11 Py I p
4@ | V3 _— (aQ1> i Pp<Py Holder : Qllll
S T g e I T PSS I S PR I SR (I J —>
le ‘ i QQZ ‘ i Qg3 1\ v B | Dis;:)i\tl)vl:}trion
. Grid :
Py, Qp Pyy, Qiz Inv. Py, Q13 e e e eq(1)
a_V o Ppn : gﬂill ]n (Pw Qn) + anPn T an Qn Pn I Pgn
P P P Ppn (a”n) Pon e PPaQr<s? Qn R | Qgn
1 P2 3 — P ]: |2 " 1, n +Qn <5, _>_|_|_ » Inverter H———»
en (OV) : —)/P <Qngynpn : Pl
9Q | B, <P, Holder | Qum

Two decentralized algorithms

Decentralized algorithms
» Centralized algorithm is difficult to implement because the numbers of

generators and consumers are large. » Sample period for Lagrangian multipliers is t; = 1.
» Easy to adapt when local topology changes. » At t = 4,50 and 100, the upper limit and the load of active power change.
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» Quter feedback structure computes amount of reactive power required to L=——Nodes |,
compensate voltage change.
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» At t = 1, active power increases stepwise. ~2000 ; = e 100 =0 45 = e 50 50
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» At t = 10, the capacity of PCS 1 decreases. _ _ _
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» Voltage regulation is successful.

0 N O R > Active power is utilized as much as possible.
= : : : : : : : : : 004 |----}-- A N A S LS I PCs®
R M R
001 ol e Do I N S N R
_0'0?0 2] zi r; al 1|o 112 1|4 1I6 1IEi 20 510 2I ; é Eli 1|0 1|2 1|4 116 1|a 20 COI’IC'USiOI’IS
Time [s] Time [s]
Voltage Reactive power The two algorithms for voltage regulation of power line having distributed power
» Voltage is regulated, and required reactive power is shared by PCSs and an generators are proposed. Inverters are controlled to yield required reactive power
SVC. in a decentralized manner. Numerical experiments show the efficacy of the

methods.
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