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On-line load sensitivity identification in LV
distribution grids

Giovanni De CarneSudent Member, |EEE, Marco Liserre,Fellow, |EEE, and Costas Vournaselow, |EEE

~ Abstract—This letter proposes a new on-line load sensitivity connected in the grid (e.g. motors). In this paper we intcedu
identification by means of power electronics-based devices. Ap-the principle of the proposed method and demonstrate the

plying a voltage and frequency perturbation and measuring the  550f of-concept using simulation. The measurement ntetho
consumed power of the loads, the proposed method computes.

in real time the voltage and frequency dependency of the load 'S gener_al a”O_' does not ‘?'epe”d on the_ _Io_ad .mod.e_l S|r_n_ulated.
active and reactive power. In this work a Smart Transformer In the simulation the on-line load SenSItIVIty identificati is

application has been proposed, but the method is general for applied by means of a Smart Transformer feeding a LV grid
any power electronics converter able to influence dynamically [4]. A three-phase identification is performed, i.e. thedloa

the voltage and frequency in the grid. on each phase is identified separately, so that the diffesenc
Index Terms—Load sensitivity, on-line identification, smart between phases, which are considerable in LV networks are
grid. correctly identified. The algorithm developed can be applie
using any voltage control device, for instance a power elec-
I. INTRODUCTION tronics converter.
N recent years several applications have been proposed
utilizing the controls of distributed resources in order to II. ON-LINE LOAD SENSITIVITY IDENTIEICATION

provide services to the main utility transmission grid. The _ . . o B
regulation of load consumption by controlling the voltage AS explained in the Introduction, the sensitivitly iderdétt
magnitude is a relatively low-cost means for enhancingesyst tion method is not dependent on the load model and is based
stability, avoiding the need to resort to other, more seiitg On measurement. In the simulation used to demonstrate the
corrective actions, such as firm load shedding, in case @fncept an exponential load model (with respect to voltage
emergency conditions [1]. Similarly, in microgrids, or i~ dependence) is assumed of the form:

Voltage (LV) grids fed by Smart Transformer (ST), voltage K,

control can be used as a means to modify the power consump- P =Py (V/Vo)™" (1 + Kyp((f — fo)/ fo)) 1)

tion of the local loads, in order to achieve smooth operation Q=0Qo(V/Vo)® (1 + Ko((f = fo)/ fo))

[2], provided again that the load sensitivity is known, at

least approximately. Load dependency on voltage can vai{ereV and f are the rms voltage and frequendy, and
considerably from bus to bus due to the different nature dhea/o '€ the reference voltage and frequency respectively, and
connected load, and even in the same distribution feeder dtie Kq» Kyp, Kyq are f[he senS|t|V|ty_ coefficients describing
to seasonable and time of day variations, different workatay the dependency of active and reactive power on voltage and

weekend load patterns, etc. As a result it is important fgr aff€duency. o and @ are the consumed load powers at
distribution system control to take into account the Vagyinrefere.nce condlt'lons. The exponential load model has the
load sensitivity so as to avoid possible incorrect maneuvdP!lowing properties [S]:

during grid management [3]. To solve this problem, a methode It is independent of initial voltage and does not require
is proposed in this letter to measure the load sensitivitgal initialization.

time, thus providing accurate information to system cdatro ¢ Only one parameter (exponent) is needed for active and
The method proposed is based on applying an intentional one for reactive load.

small perturbation in voltage magnitude and frequency ands The exponent is equal to load sensitivity to voltage.
subsequently measuring the load power variation. Sinagga@nl|n the following only the active power sensitivity identibon
small variation is necessary (i.e. less tha¥) the experiment is described, as the reactive power case is identical.

can be repeated as often as deemed necessary, e.g. every hoyr\pjtage sensitivities: The load power sensitivity to volt-
or every 10 minutes, without affecting power quality. It is 3ge s defined as:

worth naoticing that the voltage and frequency variatiortsoin dP/P,
duced are balanced, in order to not affect the three-phasis lo vV, =K, 2
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The identification method proposed is to introduce an intethe estimated coefficients are computed averaging thedstore
tional small voltage variation and approximate (2) at eamlet values and are shown in Table I. As can be noticed, the load is

instantt, as: correctly identified with negligible errors, caused by tbad
% time constants, and the noise impact. Errors can be mindnize
Vo v = B (4) by increasing the perturbation of the controlled variakiet
Vi(te-1) this will have a stronger impact on grid power quality.

wheret;_; is the time of the previous measurement.

_= VRMSA = VRMSB = VRMSC

2) Frequency sensitivities: The sensitivity with respect to f
frequency is defined in a similar way. 509 \ [
dP P 50.9900 u
/ 0 - Kfp (5) 0.9850
df/fO 50.050 - requency.
Due to linearity of (5)P, can be again taken equal to the so.00 \
previous measurement. Discretizing equation (5) at timéhe  E *>° \ /
frequency sensitivity of the active power can be algebtgica >
calculated as follows: =pa e =rc »
P(t)—P(ts_1) Soe e -
Pl _ g 6 2 = B~
[t P R \—f -
Jo 0010 it
—ex —en O
[1l. SIMULATION RESULTS o oo
The effectiveness of the method has been proved simulat 3 o2
in PSCAD/EMTDCM the 230 V;.,,,s LV grid shown in Fig. 1, 0500 -/
for 20s with a time-step 060 us. A ST has been chosen as sy =5 100 =0 o 6o 50 200

MV/LV interface to apply direct voltage and frequency canhtr

in the LV grid. The single-phase aggregate loads of the gtfiif: 2 (@) single-phase ST rms V?“aghes' (b) grid frequef@ysingle-phase

are unbalanced and have different active and reactive povﬁcér}sumed active powers, (d) single-phase consumed reactivers

dependency on voltage and frequency as shown in Table I. In

the simulation the voltage sensitivities are calculateutisiy IV. CONCLUSION

from the 10th second, app|y|ng a perturbation of2.3V In this letter a new on-line load SenSitiVity identifica-

(—0.01 p.u.) simultaneously in all three phases lasting for tion method has been proposed using an intelligent power

second, while the frequency coefficients at tHé" second, electronics-based device. It is noted that no fitting meshod

applying a variation of—0.1Hz for 3 seconds, as shownOr @ long data history are required for the sensitivity messu

in Fig.2. Gaussian noises with standard deviation equal ent. The sensitivity is identified in real time by means of

5V and 5A have been added respectively to the voltage av@ltage and frequency perturbations, followed by active an

current measurements to simulate measurement noise.gdufi@active power measurements. Load sensitivities to veltag

the voltage and frequency ramp variatiofi( for the voltage and frequency are identified separately on each individual

and0.5 s for the frequency), the coefficients are evaluated eaBRase, even though the applied disturbance is a three-phase

time step and stored in memory. At the end of the time windo@ne to avoid added unbalance. Case studies with three-phase
motors and other loads, as well as laboratory experiments
will be part of future research. The method, here described

LV Grid for a Smart Transformer case, can be also applied using any

_I ) — ) power electronics-based device able to influence the woltag

or frequency value in the grid.
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