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This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications. 

guidance should also be available from the manufacturer that identifies methodologies for 
assessing when a product may be approaching a failure mode. 

As discussed briefly in Section 5, design aspects of storage systems will inform scheduled 
maintenance cost and benefit analysis. For example, in some systems, it is preferable to build the 
battery bank in multiple separate strings so that maintenance can be made on a single string 
without shutting down the full battery and all the storage-tied components. Data granularity also 
has a bearing on what preventive maintenance is deemed economical. For example, real-time 
cell-level data have the potential to identify and justify preventive maintenance that may not be 
visible at the battery string or battery bank level. 

 
Figure 13. The National Park Service budgets, ideally, $100,000 per year for O&M of this PV energy 
storage system (308 kW PV; 1,920 kWh battery) on Alcatraz Island. Photo by Andy Walker, NREL 

Figure 13 shows the PV energy storage system on Alcatraz Island. The National Park Service 
budgets ideally $90,000–$100,000/year for maintenance of this 1,920-kWh battery storage plant, 
including a monitoring contract for $30,000/year; battery testing for $5,000 three times/year; and 
PV array cleaning and maintenance for $15,000 twice per year. There are 480 cells in two strings 
of 240 cells each, and O&M staff feel that more parallel strings would ease maintenance 
scheduling.  Battery replacement is planned on an 8-year cycle. Battery replacement provides an 
opportunity to revisit battery type, size, and voltage. Inverter replacement is planned on a 10-
year cycle and battery management system on a 7-year cycle (information from Jeff Obirek, 
National Park Service, provided for a tour March 2016). 

Questions to ask the Developer
What is annual cost of monitoring the battery storage system?

What is cost of battery testing? How many times a year are the batteries tested?
How often are the batteries replaced? 

Where are malfunctioning or dead batteries disposed of? How often are they disposed of? 
How often are the photovoltaic panels cleaned? What is the cost of this contract?

How often are panels replaced? 
Where are malfunctioning or dead batteries disposed of? How often are they disposed of?

How often is the inverter, transformer, control gear, switchgear replaced? 

National Laboratory of the U.S. Department of Energy
“Best Practices for Operation and Maintenance of Photovoltaic and Energy Storage Systems; 3rd Edition”

Technical Report December 2018
https://www.nrel.gov/docs/fy19osti/73822.pdf
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