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Introduction

High-frequency solar variability with unique inputs for different interconnection points on
distribution feeders are important inputs to accurate quasi-static time series (QSTS)
distribution grid integration studies: low-frequency solar variability results in underestimation
of the impact of PV, while using a single PV profile for all interconnection points results 1n an
overestimation of the PV impact since 1t ignores spatial smoothing.

Synthetic Cloud Fields Methods

Fields of random values
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(0 to 1) at various spatial scales

Compute the weighted sum

Interpolate fields to the same
spatial scale, assign a weight
to each scale

welght = 0. 01

256 = ~ = -
x .: Fe -b" . Ao A
P - b - . .“."-_p V_.o,,'i'(."-)“_ - . ‘) £ P TEN
- .\h"-":{-{ c.‘.“'ve:'i\ EI R SEA A '»l"" .'.~".;..'“\*~,'»;l Or IIIOrE
1 o R o SR L S g S SR e DR Y R e TRy
K 6 LA L i e - o4 '7-_-.3'_'. _,/._v\ TR a3 T 2 N o
-

variability,
assign higher
weilghts to the
smaller (finer)
scales

e 4 . -~ ¢ . O X A -
X TS a5 T g “'.,("."f--.-.g'." i, T g A e
7 ,J PN S e s O X Gt e Ly PN
i e D A LS ¢ ..-\‘-._44\-.,; Fl 28 % lgle o B
A S RO T, FL & S I sl LB, SV i SR S AN O
A..~..- .-. e _.r», “t_- ,_\-:n:. - ] B =
Lo Sris < k_".:, .“ “ &I
‘__- ." -"- ‘. -".\"u “i )

1% Y= -..-' " ‘4
¥ & A

—r
%

rore
-\J“

0 256 512 768 1024
weight = 0.03
256 P R Ny Rt e S

P ri - e "R .
B T Gt i ST B TR e S At ol o SR

. oy - S AT D s A —~ A o
- - g Al % et o . R v e - e ' b
AT W R T e ST A O YR A AT LN L 1A s D
R R L X L L el s S8 N F 1A R O T T AT
2 WS e — g . 2 o e 3T R e N L (Y o
- A Y & e ek NG § e we SPPCY N S

- 55 X 5 . - » =y . . v el i -~ . L -
Ly 2 - v & La 2 G e 3 N L el .
> %) T ST Y by . Ll b AT T A it . = K+ P
'S ’ e - - LS - & Y ~ - - - {

& e T P i ’ <5, LA . -
pr e " " N v b ALY SN LA “s . e Sy S A o
;r-.'." . .‘-"‘,‘ d o i b b s o 4 o 1l '."A

0 e ] e i’ /"'" .“ 1 ".'-\' ‘." e L);" H

256 G230 aY \\ '{ LY { f.-'.. .).‘l"'-" ~
A OB :‘ v 3. .' N /'b' S WY .<.‘. "‘-"-.,a s T
R s g - (. ¥ h 3 Y T
19 > . o7 .'J . ’4 el P ""a'\ 4 ,-{ 1."-(: r B §
2 e g7y o . ‘- S AT A e £ e
# q;yr_ “ "‘5‘;*" e T I e Nl S S REAT
B O e g ‘x.a',‘o.-_ L i A - T
1 g | * & e &) T g me Vs & . Lo LS ‘
- . A ikt e , X POt e ol | e A Fow A
28 a '. .Y.l::'ll.‘c:( o ek _"..“.l" _.'0’7‘ .:A._ A ha ,“‘:.‘ ‘\ :“: ,:_lf-'o'.

. X : . A F o N L g A", - . - . - -
R TSy RO, N O £ MR 7P SR
e~ Rt | A N B A A R Y U
Satam T A AN WS LY M g G Wl > s
O P kY. P Ea it % Ll SN A T | e

weight = 0.12
256 mEET R Y AN O

1 92 .‘%r‘t‘ 1?.\'.; ‘-Tv‘ 2 .-'.J }.I. '.'_ . :\"‘-.-"::' ..
S b2’ 3 -

0 256 512 768 1024

welght = 0 18

0 256 512 768
weight = 0. 25

192 & 4 ‘( W

128 - -‘ "
64 (i “ . -
0 —

0 256 512 768 1024
weight = 0.34

o=
-

0 256 512

1024

768

1024

192
128
64

Apply a cloud
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Examples of Synthetic Cloud Fields Resulting Timeseries
Cloud fields vary by variability (VS), amount of cloud cover (kt), and cloud speed.
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To create simulated PV power output at each Simulated Power

interconnection point,

—_

= I —— o)
1. Sample from a cloud field; sample timeseries 1s ( ‘ i :
. if g
analogous to clear-sky index values. ill \ i
¢ ] ! ‘ | | il ' gl LR |

2. Convert to GHI by multiplying by a clear-sky model. = = = == o we e
3. Convert to power output: GHI to POA and use 1rradiance to power model.

Sample feeder with 265
PV interconnections.

Used QSTS analysis to
simulated the voltage
regulator tap change
operations:

Same PV profile used for all PV

91 unlque (but related) PV proﬁles used
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* Cloud fields can be used to generate synthetic PV power output timeseries.

 Additional tweaks to the cloud field methodology are needed to make the sampled
timeseries better match measured 1rradiance data.

* Further demonstration of the value and accuracy of synthetic cloud-field generated PV
power samples to QSTS simulations 1s forthcoming.




