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Task 1: Identify candidate PV modules for Task 2: Qutdoor Lifetime Performance Utilize High Performance Computing to run data analytics on massive data scopes e Analysis shows that nonlinear | PrAheemGHIEhumAandambientemp 35 Wind speed e Semi-supervised Structural Equation Modelling [
outdoor and indoor analytics and Prediction: Temporal analytics of and scales to find degradation and operation features in power and |-V time trends are quite common e A network model of multiple continuous variables
testing outdoor I-V, P, datastreams leading to series : e Using six common functional form fits

Priorto data ingestion, identify and catalog validated exposure conditions Data Variables : . Adjusgted R2 for univariate relationship selection
the candidatesfor study for BP1. These Acquireand ingest all retrospective I-V, P, E= _ y 1l
candidates include three potential sources: datastreamsfrom partner sites spanning at Data s Power Time Series: \ i Direct Path: Time —P_ Duration |
outdoor PV power plants and modules, leastfifty powerplantsoverat least three 73 Hources ACDC power. iradiance. temperatire. Hadoop E-CRADLE: e Traditional PV analvsis methods £ [/
modulesfor accelerated lab testing, and climate zones plus |-V curves from at least wind spg L’;Lm TR i _ would cut most of 1:3;1 ese features 7
fabrication of new modulesfor study. four climate zones. Reserve a sub-set of data Real World PV Time Series . m [:Adj'Rzi 0.7 J m [ ]
.. Photovoltaic ® 787 PV sites t [7 T\
to be excludedfrom modeltrainingfor later (PV) Systems ™ o 5638 iverters ou -\ "]
model validation and lifetime performance ' gw Curves: e 60 module brands e L - BN
o prediction. r—-\ Current, voltage, max power point, 3 e 38 in'.i.rerter brands ¢ e - "1 ) ) _ B 'l:"E' _ 1

Task 3: Indoor Lifetime Performance NOAA, metadata e 13 climate zones Single Mechanism Path: Time — FF — P, \ et
Prediction: Degradation pathway Task 4: Validation and cross-correlation: SolarGIS [\ J o From as early as 1999 | _ _ _ _ i |
models to define indoor tests Indoor and outdoor cross-correlation, ﬁéﬂ"ﬂ? QSWH ther data: V| v carves ﬂ pgthon " o Features “k_e this are im P?rta ntin i | R

In BP1, we will focus on constant stressors and lifetime performance prediction Stations || Temperature, irradiance (global horizontal, VYl 22 million IV curves understanding the operation of £~ : —
appliedat constant stress levels, such as Comparisonof |-V features acquired in — plane of array, etc.). wind speed. rainfall, 4 ®  Going back 6 years / real systems ) [Ad]-RE: 0.88 J '| 1
uniformand non-uniform irradiance, high outdoorand indoorexposures. o humidity y ) » M o ® 00 120 '.

heat, and high heat + humidity.
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Task 1: World-wide Data Acquisition Task 2: ROC Distributions Task 4: Cross-correlation and Validation
e Analyzed 2.2m |-V curves A Nonrelational Data Wurchu;mc for .th-: An;]ﬁ'ﬁ” Rate of change (ROC) distributions from two sample sets of data, SS#1 of Validation of indoor and outdoor models and Cross-correlation between indoor and
Collection and storage of data related to of Field and Laboratory Data From Multiple 655 systems, and SS#2 of 353 systems. outdoor models
PV degradation, including: NG step 1.V detected Heterogeneous Photovoltaic Test Sites
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e Accelerated testing curves increases over time RIS . j . Climate P
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Task 3: Indoor Degradation Task 4: Power ROC Model Comparison, MbM vs. Responsivity

SDLE PV Data Covers ~3.4 GW

Quantification of EL measurements with Time Step 1 Time Step 2 ;
Encompa55951-92% of Global PV * Data . = comparisons to |-V and power Location Method Measurement % Diff. Measurement % Diff. Compe_lrlson of model results
Power . Negev Desert site: 3 yrs P o (Watts) (Watts) at settimes (~3 yr. And~ 5
_ . . _ _ eatures S B RS S5 S st r.
e 787PV Project Sites UFS_- one sample has no data o . — e Measured 179.75 0.0% 172.0 0.0% yr)
L 5838 PV Systems {Inv. & MQdUIES) avallable_ aﬁ:er_— 4 yearS _5" ng- GC - . Nu"ute[hnulugv u"d Micruele{"nni[s: Standard Power E3E mﬂ”ths} - [ET mﬂnths} - L] MbM ShOWS increaSEd
e 60 PV Module Brands/Models e Gran Canarias site: 3 A & A A @ nec Automatt_ed iImage analysie and Materil,Frocssing, Measuremon,ond Phesomeno e i 180.24 0 275 175.53 5 0% accuracy at all times
i 38 PVlivertcs BrafdsiModals « decrease in the proportion B T 1 ® ves classification (35 months) e (57 months) o selected.
e Across 13 Képpen-Geiger Climatic * hot climate _ % SamplelD e \REL 182.54 1 6% 179.32 4 3%
Zones » Negev Desert site: s :m I-V curve feature extraction, including 2B ' A '
Single Modules to 265 MW plants » inconclusive 5 0O ;ff step |-V proportion UFS Measured 2223 e 263.2 7o
Going Back Up To 15 years » only 3 year of data E 328 ST LT AL ' e '
; g 65 . .
S _ _ ) e UFS site & ETQ Accelerated testing under diverse UFS MbM 2423 9.0% 253.9 0.28%
Epidemiological PV Population Of Time- ] * no conclusive signs of change conditions with comparisons to (30 months) (44 months)
i 0.4-
series data streams _ e Some sample (* . +) | | outdoor data UFS NREL 248.0 11.5% 248.5 1.9%
e Real-world power production - high proportion of step I-V (30 months) (44 manths)
® REEI Wﬂrld EKpOSUfE Ccnditions curves Hu.Yang et al. 'Modelingthe Long-term Temporal Change of Power Production for Real-word Photovoltaic Systems" IET Renewable Power Generation, submitted
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D. C.Jordan and 5. R. Kurtz. Data filteringimpact on PV degradation rates and uncertainty | poster). In PV Module Reliability Workshop, 28 February - 2 March 2012, Golden,
Colorado, 2012, URL .
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Task 4: Comparison of Models

I-V curve measurement every 5 minutes I Underlying assumption: 1.Data from E-CRADLE 4l ‘LM [ '.ui 'i“i[im ! ! Results of Model Comparison:
Pmp measurements in between BV e B - + System performance change is a long-term phenomena T eassemble - : -+ - - ' GC UFS
Losders & h itze, (alpi 3 i ] 1T - [ 4 H
p::"'_"' L s :ﬁmsa::Tw o » There is no obvious degradation within 30 days, 2.Properly named 16 4 Ml 'W ‘m‘!"“p!il - o ¢ aeQmentEd h:;It;M gives more_c_imﬁdent models
Gran Canaria (GC) Freiborg Qe 20 itz e - Train a regression model without considering the consequence of — 1 ] : f'!i il Wl{ ﬂmgﬂlrll{ : I an assumed linéar responsivity. Ti
France T Lagres =) : M‘;“ b t Fu c.ditE[;:A:unlng Func:inverter saturation J ! (2 8 P LIk - - . Ime
e 2010-2015 e N observations. , detection 1 [.llmmlr'“fr[ullﬂl HE TR B e Segmented fit handles models irregular data Step 1
e Arid-Steppe-Cold (BSK) . T w G Data analytic procedure: 3 Cleaned i LA . [“'f"fllji“iyiliy L e’ IRR : much better than the assumed linear fit.
e 0.75 million I-V curves e s e T : datatrame | 1l ST ILE ARk £ T . , Time
2 : S e S «Use all data, not filtering ! - . T SRR e LT e (B - , 4 e Stable data still shows a strong linear trend,
. W AR . W B Noon time, morning and afternoon » 4 Monthly subset - ! [,!L ;ﬁli'!! 51*1'"‘ ,ﬂ!llt I } 1 IR | segmented fits not needed in all cases. Step 2
Mount Zugspitze (UFS) : . ¥ v « Categorize data by age Func: . { i : ’! ¢ ‘ﬂl [Il] EII"‘!"‘II AT ! T o
e 2010-2015 Sde Boker Every 30 days from the first operation date considered a month Bootstrap Fun;rlemmxﬂémnm e _ - : 18 | : 1 + . e ' o * MbM prediction is C.'G'S&." (>5%) m,measurEd Table ShDWing the pEFCEF‘It impro"""ement in
* Polar-Tundra (ET) o +Develop predictive model for each pseudo-month S e 6 model 0 SR AN | R L Y A P i standard power readings at all points. the MbM method estimation of the
ilion 1- oot ' del) L ion model aoiFiesicted pover | “B model” ' e R CRS IS H | ,
e 0.85 million |-V curves — Grn cansia. s | C““W_:I [T%:SDE ;Dbeigzirpjzﬂ;:zsgﬂnﬂagﬂsﬂh ;thhe < stem status d standarded . M mi J# # lhﬂa " th{ ;. m :: e All uncertainty measureme{:ts for each MbM measureq .s.tandard power vs. the
Maue - Normalize system performance to same climate condition @ | 0 1t . model exclude 0 as a possible change rate. Responsivity method.
Negev Desert (NEG) ) Use monthly regression models ? : y HI ‘1 bl :r I | I L) . . . -
[ ] 2012-2015 TWO n'-lﬂdUIe Eamples on EaCh site ] « Do not assume linear degradatiﬂn rate “E ;‘T‘IOdEP’ 6.Degradation Rate . CIaSSIcaI Tlme_senes Decomposnlon addEd Green 'u'a|UES are a3 C|DSEI' prEdiCtiDn than
® Arid-Desert-Hot(BWh) Two different brands on the same site Look at the profile of the monthly predicted value Frassssmsasss st s esnes | Median Filter Background Threshold Convex Hulll Planar Indexed EL Image the Responsivity, red values indicate a
e 0.55 million I-V curves The same brands across three sites . (E model) piecewise finear model 7 Uncertainty (Spectral Color Mapping) (Spectral Color Mapping) Corner Finding (Perspective Transformed) worse prediction.
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Task 1: Sandia PV Array Testbed () i Task 2: Seasonal Decomposition ask 4: Cross Correlation of Indoor and Outdoor Modules
- m = - --- 10.8kW grid connected PV array with in situ |-V sweep system e Strong seasonality can be seen in the trends e damp-heat The Data Used: Results:
1 e = - - — - e Classical decomposition can remove this Saximei Pomer ouer (K] Hotie of Accslarledt Dany - Heal Expostis « undergone 3000 hours Outdoor Indoor Relaive Error of Outdoor Data Fitied wiIndoor DH Model
: : " ' : z at GHI 557.3 wim*2, ambient temp 24.4 C, wind speed 1.85 m/s patyun at GHI 557.3 (W/m#2), ambient temp 24.4 (C), wind speed 1.85 200 0] 0 I———’___ . future Extensinn tD 4200 )
==| g | & T m hours (four 300 hours) Exposure CSa/BSk Damp heat ;
H | o [ iti
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N g g . gm. Materia . undergone 600 cycles Cell Type Muti Multi =
s . o . :
A 5 s 5 o « future extension to 1000 - RMSE: 3.747
g 8- : g 3 cycles (four 100 cycles) Name Plate | 280 266 o =
Automatic data collection provides visual H 3 Power (W) : . . : .
interface 2 - 1a- : ; 10 20 1 40 50
: (N || T A | I | I O | & 1 . e The extension of exposures will :
= 2 e e .. Irradiance ~080-1020 ~1000 Menihs Outdoors
S;rrar;arrsnense ] O] | gllow for much greater insight (W/m2)
automatic oo == 3 i ; ; b into the end-of-life (EOL) RMSE = 3.747
dule level o Exposure Steps (500 - 3000 hour i
ETM? SL:??EE?;E COFOEC OO - | | | | | | | | r | | | r 1 posure Steps | ours) performance of these materials Model Used: Rel. Error,,, =.2_7% |
. . . 10 20 10 40 50 &0 70 o 10 20 a0 40 50 80 70 ™ Pmp =254 + 320536 * D - 14648460512 * D2 * Assumed 3000 hrs indoor ~ § years outdoors for scaling
3 0 .3 O | B R . P ™ SEM bost fit of “A” time
Task 1: SunEdison Task 2: Operation Features Task 3: Data Integration - SunEdison EDA
>Brands In longer time series of commercially fielded systems, features of operation Sample A B | C D | £ [EESSvONeRRee This work was supported by the DOE-EERE SunShot award DE-EE-0007140.
3 Wafer Materials ' | . . : : ; o . i
e Mono-Si A-BSE '8 : such failures, repairs, and replacements can be seen that create strong non- Material Multi PERC Mono Multi Mono e 02 - Research was performed at the SDLE Research Center, which was established
o Multi.Si Al.BSF i 1 ,' ] 1 linearity De:i:dn:%m 6.0 304 52.2 2.7 71.0 through funding through the Ohio Third Frontier, Wright Project Program Award
e Mono-Si PERC o o X ) EL after 3000 i tech 12-004. .
5 EKPDSUTE Types f 'T 1 -b .: H N : L__ at GHI 430.8 wim*2, ambient temp 18,38 C, wind speed 1.73 m/s at GHI 4284 wim*2, ambient temp 24.83 C, wind speed 1.41 m/s hﬂ'urS damp- -:_ - The Global SunFarm Network (GSFN} of the SDLE Research Center was dEVEIOpEd II"I
e Damp-heat 1 | 1 E,TE' ALY L _ heat collaboration with Medical Center Company (MCCo) - Cleveland, Replex Plastics,
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