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INTRODUCTION 
Year-Over-Year Performance Index Change Analysis is a powerful and 
practical technique for assessing the median degradation of a large 
fleet of systems 
t��ROBUST: Insensitive to noise and absolute accuracy errors, uses 

minimal data manipulation and filtering 
t��PRACTICAL: Requires only AC inverter data and essential met data 
t��RELEVANT: Uses data from a live, real-world fleet 
A system level degradation study of 445 systems representing 3.2 
million module-years of monitored data has been performed using this 
technique: 
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MOTIVATION 
t��%FHSBEBUJPO�SBUFT�BSF�HFOFSBMMZ�MPX�CVU�UIFZ�TUJMM�BGGFDU�QSPKFDU� 

economics significantly 
� o�������ZS�PO�B���#�QSPKFDU�IBT�/17�JNQBDU�PG�_���. 

PROBLEM STATEMENT 
t� 4PMBS�*OWFTUPST�BOE�$POTVNFST�OFFE�QSPPG�PG�MPX�EFHSBEBUJPO� 

– Small changes are expensive to measure accurately 
t�/FFE�����NFBTVSFNFOU�FSSPS� 
t� #VU�TNBMM�TDBMF�FYQFSJNFOUT�EP�OPU�BEESFTT�*OWFTUPS�DPODFSOT� 
� o�8FMM�DPOUSPMMFE�FYQFSJNFOU�NBZ�OPU�SFQSFTFOU�SFBM�XPSME�FYQFSJFODF 

– Extensive data processing and manipulation 
� o�/PJTF�BOE�4UBUJTUJDBM�SFMFWBODF�QPTTJCMF�iIBOE�QJDLFEw�NPEVMFT 

SOLUTION STRATEGY 
Obtain a massive dataset from installed fleet, use statistics to get 
high-accuracy median degradation rate. 

YEAR-OVER-YEAR PERFORMANCE INDEX ANALYSIS 
METHOD 
1. Minimal filtering – remove obviously spurious data 
� o�����8�N2���*SSBEJBODF��������8�N2 
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Exception made for wind-speed. Bad wind-speed sensors are very common -- 
removing this data would have significantly reduced dataset and sensitivity 
JT�MPX��8JOE�TQFFE�XBT�SFQMBDFE�XJUI�B�OPNJOBM��N�T�WBMVF��UIJT� 
approximation has a negligible effect on relative degradation calculations. 

2. Compute expected power from weather data + performance model 
� o�8F�VTFE�174JN�4VO1PXFS�T�QVCMJDMZ�BWBJMBCMF�TUBUF�PG�UIF�BSU�17� 

system simulator, based on Sandia performance model 
3.Compute Performance Index 

P.I. = (Output) / (Expected Output) for each day 
– If performance model were perfectly accurate except for 

degradation, then P.I. would start at unity but gradually decrease 
due to degradation 

4. Calculate YOY change in PI: ∆PIn+365/2= PIn+365-PIn 

� o�5IJT�JT�B�DFOUSBM�EJGGFSFODF�FTUJNBUF�PG�UIF�MPDBM�TMPQF�E	1*
�EU
 
– Example shown below – colored lines connect YOY PI values. 
– Some of the slopes are outliers ... but there are thousands of 

measurements per inverter 

5. Obtain median degradation rate from distribution
 

RESULTS AND DISCUSSION 
	�
�#FIBWJPS�XJUI�TZTUFN�BHF�DBO�CF�PCUBJOFE�CZ�DBMDVMBUJOH�NFEJBO�
 

YOY slopes for all fleet data grouped by system age 

… and these Daily median YOY slopes can be integrated to yield 
imputed degradation curve: 

�
�.FEJBO�BQQFBST�TUBCMF�FWFO�XIFO�åMUFSJOH�iPVUMJFSw�EFHSBEBUJPO�
 
rates. Average is not as stable. 

�
�4LFXOFTT�JT�OFBS�[FSP�BOE�TUBCMF�UP�åMUFSJOH�PG�PVUMJFST 
	�
�,VSUPTJT�BT�FYQFDUFE�JT�BGGFDUFE�CZ�PVUMJFS�åMUFSJOH 

�
�8IBU�IBQQFOT�BU�IFBWZ�TFBTPOBM�TPJMJOH�TJUFT 
Soiling is not captured in the performance model. However, YOY approach 
is still accurate to the degree that soiling is seasonally repeatable. 

CONCLUSION 
Year-Over-Year Performance Index Change Analysis is a powerful and 
practical technique for assessing the median degradation of a large 
fleet of systems 
t��ROBUST: Insensitive to noise and absolute accuracy errors, and soiling 
� �o�.FEJBO�JT�TUBCMF�UP�åMUFSJOH�PG�iPVUMJFSTw�TLFXOFTT�JT�OFBS�[FSP 
t��PRACTICAL: Requires only AC inverter data and essential met data 

– /P�OFFE�GPS�NPEVMF�SFNPWBM�DMFBOJOH�BOE�ýBTI�UFTUJOH�PS�DVSWF�
 
tracing
 

t��RELEVANT: Uses data from a live, real-world fleet 
– Module manufacturers can prove their real-world track record 

A system level degradation study of 445 systems representing 3.2 million 
module-years of monitored data has been performed: 
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