This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed
|n the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.

Algorithms to ectively Quantize Scenarios
for PV Impact Analysis using QSTS Simulation

Jeremiah Deboever!, Santiago Grijalva', Matthew J. Reno?, Robert J. Broderick?

SAND2018- 6097C

Sandia
National
Laboratories

| Georgia nsiitute
\ or Technologhy

—

1 Georgia Institute of Technology, 2 Sandia National Laboratories

CONTEXT

SENSITIVITY-BASED VECTOR QUANTIZATION

VALUE OF PROPOSED ALGORITHM

v’ High penetration levels of PV systems on distribution  Proposed vector quantization algorithm: R e O v’ The behavior in Fig. 5 can be predicted from the
networks can cause negative impacts on distribution v’ Each time-series profiles affect the e ey T voltagg sen5|’F|V|ty analysis without running all 576
SyStemS (eg VOItage eXtremeS, excessive OperatiOn Of VariOUS COntrO”erS differently. feasiblestatesfcIeach controller QSTS S|mU|at|OnS.

. . : PV profile [# of unique values]
_ ie s Disable all I
voltage-regulating devices, etc.) v A perturb-and-observe sensitivity P  SanmmEmssEsaeessE A = omm
v Thus, interconnection studies are often analysis determines how each controller nErELK 5 %\\ | Simulations on the 5:1 trace have the [+ |
: . L - 2 1 i tions from both profiles |f| | *
recommended to fully understand the impact of a is affected by a power injection (load or = & T\ >imilar variations from both profies |
— P F029
new installation. PV) Lo 5. 7
: : : Set value of profile n to X, — (—1)'6,,/2 - 026 .0
e T e e e e e e TR v’ The profiles are quantized according to — g = 2
- = . . . Solve power flow 'C 44 - 0238 o
QU . ME-SERIES (QSTS) SIMU ratio of the maximum disturbance they I S —
. . . . . . . dthei | ional O s 02
v’ Simulates the temporal dimension of distribution created (e.g. 565/113 = 5:1 ratio). S Sl BBt 2 &
system feeders. Il 5 e
. . . . 1 Sensitivity analysis results: —<3=2 > "
v’ Considers the operation of voltage-regulating devices. y y <¢% g -
TABLE 2. Sensitivity analysis of the impact of each profile Compute sensitivity: /e —Vaez 3 i =
Power Power Power Power Power Power (1p.u. variation) on the different controllers in the modified IEEE _ On % - >
flow — flow —> flow —> flow —> flow ---- —> flow 13 bus test case as a percentage of the deadband. o 0.08
solver solver solver solver solver solver W s
S o CAP1 :
t; t, t; t, tc tong Deadband = e e YLy Fig 7. Maximum voltage variation created by the change from one discrete
Fig 1. lllustrative diagram of a quasi-static time-series simulation. Load -43.8 % -43.8 o -56.5 o _35.2 o Fig 4. Flow chart of the sensitivity analysis - value to another in either profiles (load or PV), whichever is larger y
00 00 ) 00 algorithm conducted for the proposed VQ
v’ Time horizon & time-step resolution: i PV 807% ~ 82% 83% 113%  strategy. ) DISCUSSION
- Suggested time horizon is 1 year. .
S 58 rod ution bel é 9 SIMULATION RESULTS v’ Relocating the PV system to other buses can alter
- Suggested resolution below 5 seconds. H L .
. ) ow a device is affected by it.
v/ 576 QSTS simulations were conducted where the quantization for each Y
. . . . 1.04
VECTOR QUANTIZATION ALGORITHM profile is varied to record their speed and accuracy. .
cap
. . / . . . . . 5P v - 1-341‘11120Vbase

v Computational time to solve a yearlong QSTS Thrfee traces compakre thbree c(zljlfferent vectc;r (luantlzatlor:jstrategles. a v 3\.633 103
simulation at 1 second resolution (31.5 million power uniform VQ (1:1), a kVA-based VQ (5:2), and the proposed VQ (5:1). % Substation
flows) is a burden. v’ Note that simulation A, B, & C have similar computational speed but o LrOVRE =102 _

. . . i Q

v o cimilaritioc i - different reported accuracies. ®  Fixed Capacitor Py
By Ievera.gmg similarities In power floyv solutions, the iy pmﬁle % of uniaue vaiues] A  Switching Capacitor ey sy - 101 B
VQ algorithm can reduce simulation time. okl s A e A S ;R © End of Feeder 5Py S

;éu | | A, B, & C have : I
i AN | | different accuracies [ L
Compile circuit Unique power flow solutions : — | | | 1o 0.99
v can be defined by: 1A D g 65V, 0vbase
VQ ‘strategy’ .. - 14 _— 0By
] - Load conditions f 098
t=t+1 e ~ PV QUIpLIL power Fig 8. Variation in the voltage input signal of the switching capacitor created by
- Regulator states the PV system if it were moved to three different locations.

Capacitor states

h,=h2?
5t 7 € {1,t}

CONCLUSION

Load profile [# of unique values]

Power flow

solver

ig(ht)

Control logic

Error in # of tap actions (REG1) [%)]

L A —
2 0.478" - .
=
§0.476— ln;'EUEFj:/ _
2 0.474-
S
o 0.472F
2

0.4701(' W
8:45 8:46

Time

Fig 3. Quantized PV profile in per unit of
nominal power output.

v’ An efficient methodology to quantize the load and PV
profiles is proposed to balance computational speed
and accuracy.
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Fig 5. Percent error of the number of tap actions (REG1) reported by QSTS simulations as the profiles are
quantized at different levels (x- and y-axis represent the number of discrete values for each profile).
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v’ It quantizes profiles based on their impacts on
voltage-regulating devices.
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Fig 2. Flow diagram of the vector quantization algorithm discussed in [1] with the
additional quantization strategy proposed in this work.
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