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ABSTRACT: Traditional load flow algorithm is not suitable
for droop-regulated islanded microgrids because there is no
slack bus and the frequency is not constant. Meanwhile,
considering the increasing penetration of renewable energy
resources, probabilistic analysis is essential to ensure realistic
and accurate load flow results. Therefore, a probabilistic load
flow method for unbalanced droop-regulated islanded
microgrids is proposed in this paper. Taking voltage of each
node and frequency as variables, the load flow model is
developed considering the philosophy of droop-controlled
distributed generation in a three-phase unbalanced microgrid. A
Newton-Raphson (NR) load flow method with optimal
multipliers is proposed to solve the flow equations. The
convergence performance of NR method is improved by
utilizing optimal multiplier deduced from the higher order
terms of Taylor expansions of the load flow equations in each
iteration. Further, the low-rank approximation (LRA) method is
employed to evaluate the probabilistic load flow solutions.
Based on the LRA theory, the statistically-equivalent surrogate
models for the load flow solutions are built from a small
number of samples of deterministic power flow studies.
Numerical examples demonstrate the effectiveness and
correctness of the proposed algorithm.
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Tab. 2 Iteration number and computation time of load flow

for 25-bus microgrid with different loads
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Fig. 1 Maximum mismatches in iterations
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Tab. 3 Iteration number and computation time of load flow
for microgrids with different scale
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Fig. 2 Maximum mismatches in iterations
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Tab. 4 Errors of means by different metamodels

HAE e,pce(%0) e,svr(%) €,kiring(%0) e,Lra(%0)
U7a 2.391E-06 2.653E-04 1.678E-06 3.237E-06
Uz 2.780E-06 1.632E-04 1.891E-06 5.280E-06
Uzsa 2.098E-06 9.523E-05 1.505E-06 2.155E-06

) 1.269E-07 1.063E-05 1.015E-07 1.419E-07

Si113c 5.183E-05 1.697E-02 1.194E-04 1.590E-03

S19-20¢ 2.542E-05 4.282E-03 3.392E-05 4.818E-04

Poroopt 9.733E-05 7.615E-03 3.583E-05 1.416E-03

Pbroop3 9.733E-05 7.803E-03 3.461E-05 1.416E-03

Qbroopt 1.249E-05 8.090E-04 5.619E-06 2.936E-04

Qbroops 1.059E-04 4.805E-03 6.817E-05 2.543E-04

#*5 SREEIHTENBESEREEENRE

Tab. 5 Errors of standard deviations by different

metamodels

AR eqpce(%0) e,svr(%0) €kiring (%0) e,LrA(%)
U7a 0.0057 12.9160 0.0056 0.0163
Uz 0.0070 13.8535 0.0066 0.0297
Uszsa 0.0093 12.3099 0.0079 0.0314
w 0.0052 12.4637 0.0011 0.0099
Si113c 0.0008 12.5597 0.0028 0.0057
Si9-20¢ 0.0010 12.7164 0.0017 0.0177
Pbroopt 0.0052 12.3660 0.0039 0.1640
Pbroon3 0.0052 12.4001 0.0039 0.1640
Qbroont 0.0021 12.7822 0.0021 0.0328
Qbroops 0.0093 12.2995 0.0065 0.0070

< 6 EEMENT
Tab. 6 Comparison of computation efficiency

WAREA AR A](S) BEARTHE(S)  ESIAN(S)
LRA 83.875 1.597 85.472
SPCE 114.453 0.281 114.734
SVR 1160.631 1.866 1162.497
Kriging 1023.051 3.563 1026.614
MC 1361.728 1361.728
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Fig. 3 Probability density curves for voltage amplitude of
phase C at Node 7

4

3 x 10
—_— MCS
— = SPCE
,12( A Kriging
14 LRA
i SVR
%
1 L
0 I — I 1 ”( PR
0.99855 0.9986 0.99865 0.9987 0.99875 0.9988

AR (p.u.)

B4 RESNERRBRE R
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Fig. 5 Cumulative probability distribution curves for power
in phase C of Branch 11-13
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