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e For our purposes, when connecting soalr
power to the grid, consider:

e Integration — the effects of variable and uncertain
renewable energy on net load balance, power
quality, and reliability that can be handled during
system operation via provision of “ancillary
services” such as regulation.

e [nterconnection — the hardware/software build into
the distribution system to ensure the power quality
on the distribution or transmission line is
acceptable
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Short term variability - — Tt |
Units on AGC 703
1-min load data .
Load trend based on = |
a 20-min rolling
average
Regulation can be 3199.85 — — - —— — 200.77 202.98

characterized using
the standard deviation
of the 1-min (load —
trend) data
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Load - Trend |

Example :
O oaq =10MW
Reg=5x0, 4= 50MW
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Assume 1-min load and renewable energy (solar or wind)
fluctuations are uncorrelated

O\ g =10MW
RegLoad = 5 X GLoad = 50 MW

Add variable renewable energy:

Ore =MW

[ O oad +RE :\/(O-Load)z +(Ogre )2 ]:10-05 MW
AReg | .qre = 3%X(O gagsre ~OLoaa) = 0-.0SMW

So, it is useful to know the std. dev. of 1-min fluctuations
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Moving Averages and Means: 03/07/11
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Ramp in Sub-Reg Time Series
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Ramp Events
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Ramp magnitude [kW]
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Conclusions
e "Sub-Regulation” defined to identify rapid
fluctuations from a PV power plant that must
be handled during interconnection

e Large, rapid fluctuation in the PV plant output
were identified

e Rapid power fluctuations were found to be
correlated with some changes in feeder
voltage, but in no case did the voltage
exceed the regulation band and have a
deleterious effect on the distribution line
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o Min Max 95.5% | 99.0% | 99.7% | 99.9%
(kW) (kW) (kW) (kW) (kW) (kW) (kW)

3/7/2011: Reg 219 -1066 1218 606 853 1027 1096
relatively cloudy | subreg 113 -923 1134 287 540 689 794
3/8/2011: Reg 8.6 -89.3 79.7 15.3 39.7 66.7 79.2
relatively clear | Subreg 3.6 -67.2 34.9 8.1 15.4 21.7 27.3
Reg 67.7 -1195 1090 120 352 557 771
February

Subreg 29.0 -1118 832 28.8 128 254 379
S Reg 90.5 -1275 1218 180 470 731 917
Subreg 35.4 -1030 1134 46.5 160 295 452
April Reg 90.5 -1352 1125 162 495 752 949
Subreg 38.5 -1277 1173 40.4 172 332 497
February, Reg 84.0 -1352 1218 155 438 698 901
March, and April | Subreg 34.7 1277 1173 39.0 154 296 445
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Histogram of 1-second Ramp Magnutides: February, March, and April 2011 [Bin size = 10 kW]
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Ramp Events
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