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Topics To Discuss:

Purpose of Project and background

Summary of Metrics

EPI (Energy Performance Index) Actual kWh/Expected
kKWh Using SAM

Data quality issues
Weather Data.
e |rradiance: GHI, DNI, DHI, diffuse calc by model, POA

o Cell temperature, averaging techniques

Uncertainty analysis

SolarTech |




Purpose of Project

Define Proper Use of Performance Metrics

Help Define Maintenance Methods

Financial Validation and Certainty

Develop Tools for Anyone to Use

SolarTech
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Confusion Over Metric Calculation
Method and Purpose:

METRIC CALCULATION REFERENCE

Yield kWh / kW g1c NREL/CP-520-37358
Performance Ratio (KWh/ kWpe 1)  (HIGgrc) IEC61724
Performance Ratio kwWh / (sunhours x area x efficiency) SMA

Performance Ratio

(EActuaI / Eldeal) *100%
E|4eal IS temp. and irrad. compensated

SolarPro, Taylor & Williams

Specific Production

MWhAC / IVIWDC STC

SolarPro, Taylor & Williams

Performance Ratio

(100 * Net production / total incident solar radiation) /
rated PV module eff.

NREL/TP-550-38603

Performance Factor

* * * *
ISC,G RSC FFR ROC VOC,T

Sutterlueti

Performance Index

kW measured / kWexpected

SolarPro, Sun Light & Power

Performance Index

Actual Power / (Rated power * irrad adj. * temp adj *
degradation adj * soiling adj * BOS adj)

Townsend

Output Power Ratio

kaeasured/ kWpredicted

SolarPro, Sun Light & Power

Output power

kW > CF-6R-PV Table

CEC Commissioning

Output power

kW > 95% expected

SRP Arizona Utility

Specific Production

MWhye / MWpe ore

SolarPro, Taylor & Williams

Acceptance Ratio

kWR{‘TI 1al / kWPynEmed

Literature

Inverter comparison kWh of multiple similar inverters Qualitative
String comparison l..o, Vi Of multiple parallel strings Qualitative
Utility billing Monthly comparison Qualitative

Performance Ratio, temp. comp.
(CPR)

(KWH KW *Kremp) / (H/ Gsro)

Proposed in this project

Energy Performance Index (EPI)

kWh AC actual / SAM AC Expected using actual
weather data

Proposed in this project

SolarTech
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Issues With Commonly Used Metrics

Performance Ratio (uncorrected):

Seasonal Variation of PR

0.8
0.75

0.7 \\&‘/‘

£ 0.65

0.6
0.55

0.5

Note seasonal variation that can lead to interpreting as underperformance
in spring



PERFORMANCE METRICS INVESTIGATED IN PROJECT

METRIC _ METHOD UNCERTAINTY

Compare AC kWh over .
: . High
periods or inverters

PPl — Power Perf. Commissionin Measured kW, Output vs.
Index e Expected kW, Output

kWh Production Maintenance

Moderate

= *
CPR — Temp. Maintenance [kWh/(Rated kW *Temp

Corrected PR Corr. )] / [kWhg,/1000] Moderate

EPI — Energy Perf. Maintenance &
Index, Commissioning,
EPI-Regression Financial

Actual kWh,. / Calc. kWh,,

L
Using Regression Model ow



Comments on Metrics:

e PPI - Used for commissioning and assessment of
Instantaneous power (versus energy)

PR doesn’t require a PV Model but has excessive seasonal
variation.

 CPR reduces seasonal variation using a power-weighted daily
average cell temperature.

 EPI-SAM depends on accurate PV Model to calculate
expected performance using actual weather and assumed
derate factors. Moderate uncertainty. Lower uncertainty if EPI
value is trended.

 EPI-Regression applies operating data to “train” regression
model using actual weather and AC kWh output. Matrix
operation in Excel or Matlab to calculate equation coefficients.
Low uncertainty.




EPI Metrics Uses

*EPI-SAM: Calculate actual kWh,. /expected kWh,
using SAM model with actual climate data in TMY3 format
as input file

eCommissioning — A Six Month Commissioning Period to
Catch Early Installation and Equipment Failures

*Maintenance - Is the system underperforming to the point

where a root-cause-analysis and corrective maintenance Is

needed?

*Financial Analysis — Is the system performing as expected

and Modeled?
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Measurement Issues

eRadiation

—Pyranometer responsivity, sensor cleaning, calibration,
angle of incidence, spectral content, sample rate (15
minute vs. hourly)

—Plane of Array (POA) irradiance calculated from GHI with
existing NREL DISC (Direct Insolation Solar Code) program
for DNI and model for diffuse, such as Perez.

—Use Satellite Data Such As Solar Anywhere?
Temperature - Module temp, cell temp, from ambient
*Wind speed, Direction - Effect on cell temperature

eInverter output (kW, kWh) - Calibration, inverter power
limiting, MPPT, accounting for outages

11



Calculation Issues

*Plane of Array from horizontal GHI
eAverage temperature for PR correction

*Soiling effect (effective irradiance per D. King) and Derate
Factors when using SAM

Methods to calculate and reduce uncertainty

12



Applications of SAM

SAM is used for three purposes related to EPI calculation:

eCalculate expected kWh AC output using actual hourly
weather data over the assessment period for denominator
of EPI-SAM ratio

*Used to simulate a systems output based on input to aid in
development of Regression Model to reduce data quality
issues seen on actual system data

eCalculate Plane of Array (POA) irradiance from horizontal
GHI measurement data for use in Regression model

13



Applications of SAM

Method used to calculate EPI-SAM:
. Obtain hourly metered kWh,. for assessment period.

. Calc DNI, DHI from GHI using NREL DISC.

. Create climate file in SAM in TMY 3 format.

Model system in SAM, estimate derate factors.

. Calc hourly kWh,. output.

. Sum hourly kWh, for day using Excel SUMIF function.
. Calc EPI for day, plot daily trend.

O~NOUAWNPR

. Sum hourly kWh,, for each day using Excel SUMIF function.
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Applications of SAM

Daily EPI

0.8 -

0.7 A

y =-0.0001x + 1.0039
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270 300 330 360 390

Figure 7. Daily Energy Performance Index (EPI) over one year using SAM and actual climate
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App/ications Of SAM Actual weather data in TMY3 format input to SAM

[ o]l
1 TMY3 Creator . - - — — ﬂ} = X
To create a weather file in TMY3 format using your own data from a spreadsheet: [ Open base TMY3 file... ] a
1. Open a TMY3 file for any location to use as the base file. SAM will Notes:
populate the data tables below with values from the base file. - Each column must be 8,760 rows of data with no gaps. (7]
- To select an entire column in the data table, click the column
2. Type station location data into the first table below. heading.
3.C | £ data from th dsheet and paste them int - To paste data into a column, select the column or dlick the first |
- Lopy columns of data from the spreadsheet and paste them into row in the column and click Paste.
the data table. - Py ttinle col b T
- You can copy and paste multiple columns -- be sure thal
plsaicliheliataliulalennaltc columns in the spreadsheet are in the same order as the data
- TMY3 files use the .csv file extension. Add/Remove...
Site identifier code | Station Name | Station State | Site Time Zone (GMT) ‘ Site Latitiude (DD)| Site Longitude (DD)| Site Elevat = Refresh list
724945 SAN JOSE INTL | CA -8 37.367 -121.933 16 i Copy to project
L} | n | 3 lemove from project
Create TMY3 file
ocation Lookup...
1 0 0 0 8.3 5 68.4887 1020 9
2 0 0 0 8.1 3 67.6772 1020 11.2 0.1%
3 0 0 0 8.1 4 66.4167 1020 11.3 0.17
4 0 0 0 6.3 3 87.3115 1020 10.5 0.17
5 0 0 0 7.1 2 79.577 1020 11.2 0.1% L
[ 0 0 0 7.3 2 78.5427 1020 9.4 0.17 37.367 deg
7 |3418 0 3.418 7.1 3 81.3365 1021 8.5 0.1 ' -121.033 deg
8 20.9147 i} 20.9147 6.7 2 87.5113 1021 8.3 0.17
9 74.9837 0 87.0403 6.3 4 95.5752 1021 7.3 0.17
10 |124.723 0 125.291 7 4 05.0407 1022 8.1 0.1% =
11 |160.84 19.5 152.562 7.7 3 92.2365 1022 10 0.1 fiew hourly data...
12 |86.556 30.5 71.835 8 3 91.0772 1021 11.6 0.17
13 |115.267 7.5 111.596 8 3 93.7887 1020 9.6 0.1%
14 |77.523 15.4 70.5989 8.3 i} 90.9737 1019 10.3 0.17
15 |61.5887 0 61.6634 8.9 -1 87.822 1018 9.5 0.17
16 17077 n 14 7310 a4 -1 A4 R145 1n1a 75 n T )
«| 1 | » |d the desired
nputer.
l Save as TMY3 file... ] [ Close ]
bt Best weather data for international locations (in EPW format)
Annuzl Energy: 0 kWwh N U.S. satellite-derived weather data (10 km grid cells in TMY?2 format)
- -Q- l]
=» =T 2 —

4:49 PM
6/13/2012

- |l*- 'i'; |'3:'.
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Applications of SAM

NREL-DISC model used to calculate DNI and DHI
for TMY3 formatted input to SAM

Ca .“'._ Hw-c = 2011 Hourly Regression 1 - Microsoft Excel non-commercial use
- Home Insert Page Layout Formulas Data Review View - @ X
ﬁ Z mj @ @ L/i_-ﬂ @ ﬁ @ mﬂ’j @ -3 Define Name ~ #i= Trace Precedents % Show Formulas Cj e @ calculste Now
A . IT_Fxt s Lot & MethE N i Use in Formula =(% Trace Dependents ¥ Error Checking ~
Insert | AutoSum Recently Financial Logica 3 ate ooku ) are ame : f
Function - Used '} = g‘ - Time ~ Referer:jce - Trig = Functions - || Manager ES' Create from Selection . Remove Arrows ~ (&) Evaluate Formula Window | Options ~ R
Function Library Defined Names Formula &uditing Calculation
| u1 - &
& E] C D E F H I J K L M ] F =] R V W = ¥ z A
1 MREL Center for Renewable Energy rove mouse to F2 For instructions
2 Resources ""DISC™" DNI Model | |ntermnedi ate Pararneters ILlser IEDMF’LITED PARAMETERS ALC DiffH FROM GHI AND DNl [ronzerof Solar Az A Ir
3 |aotHoR JMorth Day  DOY Hr Obs. Hour Day Angle ETR - JDEC JEQT  THour AnglZerith &nfar ) EFYE [ 1z | E Ic GH | DM ] DH [ CiffHl | Hour ng)
4 1 1 1 1 1 000 41802 -23.06 -2.90 -175.6 1651 0.0 1] 0.0000 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00) -175.06 164.7079)
] 1 1 1 2 2 000 enz -232.08 -2.90 -E016 1678 oo 1] 0.0000 0.0000 0.0000 0.0000 0.00 0.00n 000 0.00 -IE0.16 1585862
E |#eER 1 1 1 3 3 000 enz -23.08 -2.90 -HE1E 1469 0o 1) 0.0000 0.0000 0.0000 0.0000 0.00 0.00n 000 0.00 -145.16 148.8638
7 |mmieers ] 1 1 1 4 4 000 141802 -23.06 -2.90 -130.16 135.2 0.0 1] 0.0000 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00) -130.06 138.0267)
g |Lat 1 1 1 5 5 000 41802 -23.06 -2.90 15,16 1233 0.0 1] 0.0000 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00) -MB16 126.7756
g 1 1 1 E E 000 enz -232.08 -2.90 -100.16 ma oo 1] 0.0000 0.0000 0.0000 0.0000 0.00 0.00n 000 0.00 -100.16 1154039
0 1 1 1 7 7 000 4802 -23.06 -2.90 -85.16 1001 oo 3418 0.0000 0.0000 0.0000 0.0000 342 0.a0 0.00 342 -85.16 104.135)
1 1 1 1 g g 000 141802 -23.06 -2.90 -70.16 839.4 0.0 20.91467 0.0000 0.0000 0.0000 0.0000 2091 0.00 0.00 20.91 -70.06 93.22759)
12 1 1 1 9 | 000 41802 -23.06 -2.90 5516 796 5.3 7498367 0.0819 0.3983 04488  -0.2174 74.98 0.00 0.00 87.04 -BBE 8303121
13 1 1 1 n 10 000 enz -232.08 -2.90 06 713 30 1247233 01647 0.3072 n0.52a4 -0.1821 12472 0.00n 000 125.29] -006 FA0ZEE)
14 m 1 1 1 1 1 000 4802 -23.06 -2.90 -28.16 E4.3 23 1808337 0.2074 0.2670 05695  -0.1748 160.84 18.51 828 152 56| -25.16 BB.8379E| 7
15 1 1 1 12 12 000 141802 -23.06 -2.90 -10.16 B2 2.0 86.556 0.2353 0.2426 0.5363 -0.1741 86.56 30.54 .72 7184 -0.6 B21603] 1
16 |PstnePO 1 1 1 13 13 000 41802 -23.06 -2.90 4.84 E0.E 20 15267 01243 0.3491 0.4336  -0.1958 .27 7.48 3E7 TH.60) 484 B60.54785 3
17 [ 0.986923 1 1 1 4 4 000 enz -232.08 -2.90 19.84 E32 22 77523 01808 0.2918 05437 -0.1785 Fre2 15.38 692 T0.E0) 19.84 E275428 ¢
18 [Mod.Til 1 1 1 5 15 000 4802 -23.06 -2.90 3484 E3.Y 27 FE158867 0.1508 0.321 05151  -0.1860 E159 0.a0 0.00 B1.66 3484 BE.E7I07)
13 1 1 1 16 1 000 141802 -23.06 -2.90 4384 765 4.1 13.037 01857 0.2869 05486  -0.1776 13.04 0.00 0.00 14.33 4384 7357317
20 |Mod. Azin} 1 1 1 7 17 000 41802 -23.06 -2.90 E4.84 85.8 0.0 0.765 0.0000 0.0000 0.0000 0.0000 077 0.00 0.00 0.77] E4.84 8228029
21 1 1 1 2 12 000 enz -232.08 -2.90 7984 96.2 oo 1] 0.0000 0.0000 0.0000 0.0000 0.00 0.00n 000 0.00 7984 9234672
22 m 1 1 1 sl 13 000 4802 -23.06 -2.90 94.84 107.4 oo 1] 0.0000 0.0000 0.0000 0.0000 0.00 0.a0 0.00 0.00 9484 1034252
23 1 1 1 20 20 000 141802 -23.06 -2.90 109.84 1131 0.0 1] 0.0000 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00) 109.84  115.2379
24 1 1 1 21 el 000 41802 -23.06 -2.90 124.84 130 0.0 1] 0.0000 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00) 12484 1275272
25 1 1 1 22 22 000 oz -23.08 -2.90 139.84 1428 0o 1) 0.0000 0.0000 0.0000 0.0000 0.00 0.00n 000 0.00 13984 139.9787)
26 1 1 1 23 23 000 14102 -23.06 -2.90 154.54 1541 0.0 1] 0.0000 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00) 5484 162012
27 1 2 2 1] 24 002 1418.04 -22.98 -338 0 -180.27 1631 0.0 1] 0.0000 0.0000 0.0000 0.0000 0.00 0.00 0.00 000 19027 1617927
28 1 2 2 1 25 002 41804 -22.98 -335  -WE2T 6.0 0.0 1] 0.0000 0.0000 0.0000 0.0000 0.00 0.a0 0.00 o000 -17527 164652
29 1 2 2z 2 26 002 1418.04 -22.98 -335 16027 1578 0.0 1] 0.0000 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 160,27 1585955
a0 1 2 2 3 27 002 Me04 -22.98 -335 -ae27 470 0o 1) 0.0000 0.0000 0.0000 0.0000 0.00 0.00n 000 .00 -M527 1488979
3 1 2 2z 4 28 002 1418.04 -22.98 -335 0 13027 135.2 0.0 1] 0.0000 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00] 13027 1380633
32 1 2 2 5 29 002 1418.04 -22.98 -3.35 -1B.27 1233 0.0 1] 0.0000 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00) -18.27 1268198
33 1 2 2 E 30 002 41804 -22.98 -335  -00.27 16 0.0 1] 0.0000 0.0000 0.0000 0.0000 0.00 0.a0 0.00 0.00f  -10027 1154456
M 4 » M| Montored Data, Calc Temp | DISC, Irr -~ Regression Regression Aug to Sept Plots Correlations .~ AOT Check ‘i’f[!

Ready

4:55 PM

6/13/2012
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Applications of SAM

Calculate system expected output for EPI-SAM

MONTHLY ENERGY PERFORMANCE INDEX (EPI) - 600kW System

DECK monitored monthly averaged values used and compared to hourly values

SAM AC
Energy Actual Watt Watt
Month | Output | Inverter In:\(j\;:ler Meter Meter Inv:PrIter 1 |V|Oﬂth|v EPI
(kwh), |Power Avg kWh EPI 0.9 |
Monthly 0.8
Jan 39220 48.10367 34634.65 36013.53 0.918244 0.883086 0.7
Feb 51742.7 68.98071 49666.11 46508.66 0.898845 0.959867 0.6
Mar 62963.7 77.18619 55574.06 57435.16 0.912195 0.882636 E 0.5 Meter PI
Apr 98081.9 120.2729 86596.46 87048.53 0.887509 0.8829 0.4 =1V P
May 111480 131.4912 94673.66 98442.75 0.883053 0.849243 0.3
Jun 115595 141.0791 101577 101760.5 0.880319 0.878732 0.2
Jul 127555 147.4075 106133.4 110913.8 0.869537 0.83206 0.1
Aug 116077 129.111 92959.92 97639.88 0.841165 0.800847 0
Sep 89641.2 104.9953 75596.6 75976.56 0.847563 0.843324 3 4 5 6 7 8 9 10 11 12
Oct 66055.7 78.72101 56679.13 58964.5 0.892648 0.858051 Month
Nov 42201.9 52.94521 38120.55 38431.09 0.910648 0.90329
Dec 29477 57.78605 41605.96 10412.38 0.353237 1.411472
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Applications of SAM

Calculate POA irradiance for EPI-Regression

CALCULATED RESULTS FROM SAM MODEL OF 600KW SYSTEM
SAM results for modelled 600kW system with actual weather data

Expected Incident | Incident Incident
AC Power | system Total POA| Radiation Cell Hourly Total POA System AC
(kWh), hourly Temperature ( Output
(kw/m2),| (kWh), (W/m2),
Monthly | output Hourly Hourly C) Hourly nonzero
(kwWh)

36061.9 0 0 0 0 0 0
46792 -0.13108 0 0 6 0 0
56134 -0.13108 0 0 5.5 0 0

89474.7 -0.13108 0 0 4 0 0

101346 -0.13108 0 0 3 0 0

106309 -0.13108 0 0 2.5 0 0

117638 -0.13108 0 0 2.5 0 0

105188 2.1934 0.020889 72.0133 3.54048 20.8889 2.1934

82431.3 29.3149 0.074904 258.228 6.43809 74.9042 29.3149

53676.3 51.1864 0.124594 429.531 12.9768 124.594 51.1864

41686.7 65.7219 0.158559 546.623 14.1003 158.559 65.7219

23056.1 33.1362 0.085702 295.452 13.7125 85.7017 33.1362

45.4009 0.114619 395.142 16.5207 114.619 45.4009
29.192 0.077618 267.583 16.9421 77.6176 29.192
22.3394 0.061528 212.114 17.4332 61.5277 22.3394

Output truncated to show only a few rows
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Applications of SAM

to calculate system output

PI Regression SAM Results

POA irradiance from SAM used in regression equation

_I/J Home Insert Page Layout Formulas Data Review View @ - o x
Cut __ o — ) 1 " Z AutoSum -
: cons Calibri S A W[ == H @;_v S Wrap Text General - iji‘ ?jﬂ‘ _L;Lﬂ‘ é‘ i il - ﬁ [ﬁ
Paste oo Format painter ||| B e s | Bvel A || | e Merge & Center - || § - % 1 | Gh 5% é}"rr”ndaﬂ‘i’n”;" F‘;:Elaet 2 St;ee'; || =3 BEEE (RN | g Eﬂ"t’:f ;T:ct&_
Clipboard il Font E] Alignment E] Mumber E] Styles Cells Editing
K8 - (2 I |{=MMULT(MINVERSE(MMULT(TRANSPOSE(FB:I1061),F8:I1061)),MMULT(TRANSPOSE(FS:I1061),E8:E1061)]}

A B C D E F G H | J K L M N 0 P Q R 5 T U v
1 |POLYNOMINAL REGRESSION MODEL OF SAM SIMULATED SYSTEM TO EVALUATE DATA QUALITY ISSUES
2 |Purpose: Develop an equation to calculate expected system AC output as a function of POA irradiance and cell temperature, based on SAM simulated system to eliminate typlCEll data quality issues with actual system.
3 The equation was developed using linear algebra matrix analysis using pseudo inverse to find least squares fit to measured data. Coefficients ABCD (Equation #1) and Al A2,A3 Ad (Equation #2) were calculated from the regression analys
4 Results show that regression equation has <0.3% uncertainty without data quality issues typically present in actual system measured data.
5 Average Std Dev Actual vs Expected
6 |ANALYSIS OF ONE YEAR DATA >800 W/m2 399.868 1.05271 0.26% Unce 550

Calc Actual 'i 500 v=1.00 .
Time (end of | Average POAImad) Hourly - ) i F-asTHB+HC+HD | PPY |Residual 5 a0 B1:0.998 ¢ Actualvs Expected
ID hour) Cell (W/M) | Energy Coefficient matrix for Equation #1 Equation #1 Equation Eqn #1 EPI = 00
Temp.(C) H (kwh) #1 g o 350 —— Linear [Actual vs

7 T E 2 < 300 | Expected)
8 3565  5/29/1113:00 32.9989 1215.68 484.308 1 401161 1.21568 1.47788 A[-0.01529] 485715 14066 09971 | § 50 | — Linear {Actual vs
9 3878  6/11/1114:00 32.6433 121436 484306 1 39.6407 1.21436 147467 B -1.90627 186.046 1.74016 099642 | = 250 150 450 550 Expected)
10| 3231 5/15/1115:00 30.9665 1214.27 482.885 1 37.6017 1.21427 147445 C 489.606 489.894 7.00892 0.98565 | 2 Expected Hourly Energy Output, AC
11 4429 7/4/11 13:00 37.9726 1203.47 468.846 1 45.6989 1.20347 1.44834 D -22.3309 469,754 0.90781 0.99807 <
12 2869 4/30/11 13:00 29.8889 1203.01 486.334 1 359566 1.20301 1.44723 488.125 1.79067 0.99633
13 3853 6/10/1113:00 34.7558 120247 475.799 1 41.7928 1.20247 1.44593 476.764 0.96498 0.99798 EPl-Regression SAM
14 4165 6/23/11 13:00 34.4465 1202.42 476.422 1 414192 1.20242 1.44581 A77.454 1.03246 0.99784
15 4069 6/19/11 13:00 33.8787 1200.68 477.099 1 40.6775 1.20068 1.44163 478.11 1.01077 0.99789 Loz
16 4070 6/19/11 14:00 31.8137 1200.56 481.441 1 38.1943 1.20056 1.44134 482,791 1.35014  0.9972 1
17 2893 5/1/11 13:00 38.5297 1196.15 464.863 1 46.0873 1.19615 1.43077 465.822 0.95872 099794 | 0.98 - L J
18 3109 5/10/11 13:00 35.3408 1196.14 472.174 1 422725 1.19614 1.43075 473.089 0.91532 0.99807 | p.gs
19 3566 5/29/11 14:00 32.7452 1195.93 477.691 1 39.161 1.19593 1.43025 478,929 1.23823 0.99741 0.94 o EPI-Regrassion SAM
20 3589 5/30/1113:00 39.1912 1194.77 463.293 1 46.8245 1.19477 1.42748 463.814 0.52149 0.99888 £
21 2845 4/29/11 13:00 33.3316 1194.7 475.823 1 39.8213 1.1947 1.42731 477,134 1.31098 0.99725 032 e o
22 4166 6/23/1114:00 32.6835 1194.6 477.459 1 39.0437 1.1946 142707 478.573 1.11358 0.99767 § § § § § § § § 2 g
23 4525 7/8/1113:00 36.5697 1193.45  468.51 1 43.6441 1.19345 1.42432 469.301 0.79125 0.99831 E E E E E E E E E E
24 4189 5/24/1113:00 31.9231 11919 478.317 1 38.0491 1.1919 1.42063 479.29 0.97345 0.99797 S £ 58 g 4gsg¢8¢2
25 4549 7/9/11 13:00 41.545 1191.89 456.915 1 495171 1.19189 1.4206 457.425 0.51009 0.99888 oo
M 4 » ¥ | DISC, Ir SAM Data | Regression %] [ =
Ready =) [ [1l4

26 PM

-

|

6/14/2012
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Observed Data Quality Issues:

1. Irradiance decreases, cell temp constant, power increases
2. lrradiance decreases, cell temp increases, power increases
3. Irradiance change compared to temp change and power change

Data Anomalies - 10 minute data
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Potential for Data Quality Issues:
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Uncertainty:

*Increased uncertainty leads to higher cost (1% adds S1M
to finance costs on large system)

*Considered methods to do uncertainty analysis
[traditional propagation of uncertainty]

e Use commercial data analysis software (JMP, IBM-SPSS,
MiniTab, etc.) to calculate uncertainty

*Regression model uncertainties of <1%, data quality and
derate factors result in uncertainties of >10%
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Conclusions

*SAM works well for performance assessment application using actual
climate data

eSolarTech will promote use of SAM and similar programs for use in
Performance Assessments

*Project has been worthwhile student project that led to internships

Recommendations

*Consider adding feature into SAM to calculate EPI
e Consider adding feature into SAM to convert GHI to DNI DHI for input

*Request feedback how to get NREL involved with SolarTech
Performance Assessment project
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