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l_anal Irradiance Sensor Network
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“"High Irradiance Variability in Lanai!

Lanai, HI

A cloud factory
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Irradiance on Lanal

Global Horizontal Irradiance in 2010

e | A e, s, i T
L N N ™
o/rM.MML ,nlﬂl‘j M, i Lol AU et T el
VLN O SR TP P N PR . W
MM\' ol J_,W_J[LL_. A, /”MMULM_L P WKMUE n“l\MALL MMUI“JU\MJ il \I\U’WWLLM
o Ml L, SO P S N Y TR LT
2 ML | AR R MY
S L N LY PN L SN N N s ST LT T Y
5 ANttt ol | ki,
31 rtten, | g M | i L T T,
YL B W T Y.L S LS mﬁ-'~'1’* WUM BTN

Y T D 7 L L e e e e P

%AM 12PM GAMIPM 12PM SAMIF’M 12PM SAMIPM 12PM SAMIPM 12PM GAMIPM 12PM GAM!PM 12PM GAMIPM 12PM 6PM

—_
(=]
(=]
(=

o

_—
2
[
=

-
2
(]
=]

—
=
(]
o a

Jun May Apr Mar Feb Jan
2
=

Global Horizontal Irradiance (W/m?)

GH Irradiance for first 8 days at the beginning of each month in 2010
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K- Interim R Rate Control
POA Irradiance and Interconnect Power 12-1-2010
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™=« Effect of Power Curtailment

on Ramp Rates
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Power output profiles and 99.5% percentile 1-minute ramps

Max Ramp Rates in Lanal

(kW/min) for 8 days at the beginning of each month in 2010
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Instantaneous vs Averaged Ramp Rates
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Estimating Ramp Rates
without Curtallment

Curtailed vs Uncurtailed Interconnect Power 1-Minute Ramp Rates
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Estimated Ramp Rates for 2010 using
mean POA Irradiance Values
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V Ramp Rate Impact on Frequency

* No significant frequency impacts observed at 600 kW output
* Impact on diesel generators ramping has not yet been evaluated
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PV Plant Impact on Voltage

* No significant local voltage impacts observed at 600 KW output
* Impact on generator reactive power output nor yet evaluated
» Local power factor (PF) set-point issued by the grid operator

— Typically set unity

Interconnect Power and Voltage 2010-11-04
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Output smoothing using
different time-scales.
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o Successful ramp limiting at 800 kW
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NEWS RELEASE

Date: April 19, 2012

FOR IMMEDIATE RELEASE
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La Ola — Lana'i Solar Farm Operating at Full Capacity of 1.5MW {DC)

LANAT'S SOLAR FARM




Related Research/Applications

e Quantification of variability

— Stein, J., C. Hansen and M. Reno (2012). The Variability Index: A New and
Novel Metric for Quantifying Irradiance and PV Output Variability. World
Renewable Energy Forum, Denver, CO.

o Simulation of PV output data using ground irradiance

measurements

— Hansen, C., J. Stein and A. Ellis (2011). Simulation of One-Minute Power
Output from Utility-Scale Photovoltaic Generation Systems. Albuquerque,
NM, Sandia National Laboratories, SAND2011-5529.

— Lave, M., J. Stein, A. Ellis, C. Hansen, et al. (2011). Ota City: Ota City:
Characterizing Output Variability from 553 Homes with Residential PV
Systems on a Distribution Feeder. Albuquerque, NM, Sandia National
Laboratories, SAND2011-9011.

— Lave, M., J. Kleissl and J. Stein (2012). ""A Wavelet-based Variability Model

(WVM) for Solar PV Powerplants." IEEE Transactions on Sustainable

Energy. (in review).
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Daily Clearness Index
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Describing Irradiance Variability

Ramp rate distributions and statistics
— Mean and standard deviation
— Cumulative distribution functions

Correlation with distance and time scale

Variability Index VI =
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Wavelet Variability Model ( WVM)
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“Wavelet Variability Model (WVM)

,!

Model Inputs Model Outputs
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Irradiance to power model
based on plant design (e.g.,
dc/ac ratio, tracking
system), temperature, etc.

determine variability reduction (smoothing)
at each wavelet timescale

d, , is distance between two sites, m and », and 7 is the
Sy timescale

p=0 when d,, , is very large or ¢ is very small

p=1whend,  isvery small or ¢ is very large
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Single-Point Irradiance to Plant Output

100MWV central PV plant simulated
50MW central PV plant simulated
25MW central PV plant simulated
10MW central PV plant simulated
SMW central PV plant simulated

1MW central PV plant simulated

point sensor measured
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~Application to Distribution Circuit Analysis

« Estimation of high resolution PV output data for central and
distributed plants in distribution feeders
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Plant Average Irradiance

« Estimated equivalent irradiance
1200
1000r Iy .
\l“ l
600F ‘ Y
400¢ Wl " Jonesboro PV Scenarios 22-Jul-2011
200 i LML 0 W l —PV Sénsorz
0 09:00 12:00 15:00 — ;mw gen’:ra:
S entra
| =™ 1 MW Distributed |
900
S 800 //’/\
% 700+ ,/
= !
= 600 i
£ o
< 500/
3 =
4001
300+
200}

I
11:45

22
Sandia
National
Laboratories



Conclusion

« Analysis of Lanai LaOla PV system has helped
develop important technical insights

— Evaluation of system output characteristics and local
system impacts

— Evaluation of PV — energy storage application in small
grids
— Validation of methods to quantify of PV variability

— Validation of techniques and models to simulate plant
output for a variety of applications, using measured
Irradiance
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