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Who Am I?
• Immediate Past-Chair of IEEE PES-ESSB

– WG Chair for IEEE 1635 / ASHRAE 21 (Battery Gassing); IEEE 1657 (Battery 
Tech Curriculum), 1526 (Stand-Alone PV Performance), 1561, (Optimizing 
Lead-Acid Life in Hybrid PV), 1562 (Sizing Stand-Alone PV Arrays), and 
P2962 (Li-ion Maintenance)

• WG Vice-Chair for IEEE 1188 (VRLA Maintenance), and P2685 (Engine Starting 
Energy Storage Devices)

• Member of NFPA 855 (Energy Storage Systems)
• Training Director for American Power Systems LLC (a DC Services 

Subsidiary of Deka East Penn Battery Manufacturing)
• Master Electrician in the State of Colorado
• Private Solar Owner

– 2.3 kW Grid-Connected Panels on my Primary Home
– Off-Grid Hybrid 2 kW PV, 15 kW LPG Generator,  30 kWh Battery on Cabin



What Are We Going to Talk About?
• Updates to IEEE 1013/1526 (Lead-Acid Battery and PV Array 

Sizing for Stand-Alone Systems)
– Forthcoming Combo Calculator (Includes Other Battery Types) to be 

Available on IEEE PES Resource Center
• Latest (2020 Edition) in NEC Article 690 (Solar PV Systems)
• Whatever Else You Want to Discuss Regarding Solar, Fuel 

Cells, DG (Distributed Generation), and Energy Storage



Changes to IEEE 1013 from 2007 to 2019
• Drawing to Explain System Added
• References to 1361 (More Help on 

Selecting Lead-Acid) Added
• Recommend no EOL < 50%
• Fixed the Slight Error in Example 

B.3 on the Average Daily Ah Usage



1013 Worksheet 1



1013 Table 1



1013 Optional Worksheets 2 and 3



1013 Optional Table 2



1013 Example B.1 (Remote Brazil Vaccine Store)



More From 1013 Example B.1



Sample Solar Battery Data Sheets



More Sample Solar Battery Data Sheets



Sample Li-ion Solar Battery Data Sheet



Changes to IEEE 1562 from 2007 to 2021
• Slightly Changed Language in the Document So Non-Lead-Acid 

Battery Types could Theoretically Use the Principles in it
• Added Sizing Using the now common MPPT Charge Controllers 

– This Also Caused Increased Need to Account for the Effects of Minimum 
and Maximum Panel Operating Temperatures

• Especially When Using 60 Cell Panels in Higher Summer Temperatures
• Footnote Warning Added for Those Who Like to Think They Can 

Get Away with Fewer than 5 Days Backup in Standalone Sites
• Provided Guidance Towards the NREL RedBook to Get Solar 

Irradiance (Sun-hr) Data Pre-Adjusted for Tilt Angles and Such
– Gave Footnote Approximations for Insolation Derating if no NREL Data



More Changes to IEEE 1562 from 2007 to 2021
• Covered More Areas of Potential Electrical Loss and Increased 

the Typical Percentage of These Losses
• Reworked the Calculation Worksheet to Consider More Loss 

Factors, Temperature Factors, Charge Controller Types, etc. 
– Color-Coded the Worksheet to help the user know what Data needs to be 

Gathered, what needs to be Decided by them, and what needs to be Calculated
– Modified the Examples in the Annexes Using Revised Worksheets and Charge 

Controller Types
• Removed the Old Annex A on PV Technologies, since those 

Change Faster than the periodic Reissuance of this Document
• Added a Cautionary Note about Using Tracking Arrays in Windy 

Areas



1562 Worksheet 1



1562 Example D.2 (Remote Brazil Vaccine Store)



Sample Solar Panel Data



Forthcoming 1013/1562 PES Resource Center 
Calculator Battery Sizing Page 1



Forthcoming 1013/1562 PES Resource Center 
Calculator Battery Sizing Page 2



Forthcoming 1013/1562 PES Resource Center 
Calculator Array Sizing Page 1



Forthcoming 1013/1562 PES Resource Center 
Array Sizing Page 2



Some NEC 2020 Article 690 Revisions
• Industrial Roof Max Voltage Increased to 1000 VDC

– Up from 600 for Residential
• 1500 Allowed if Off of Roof

• Info Note on ASHRAE Handbook to Get Lowest ° Design Data
• Blocking Diodes Allowed to Also Serve as OCPDs

– Moved from Informational Note to Body Text
• Conductors Not Color-Coded Must be Marked + and –
• Wiring Below 30 V Can Be Run w/o Conduit Indoors
• Circuits < 30 V Aren’t Required to Have Ground Fault Protection
• Any DC-DC Converter > 30 V w/o Ground Fault Protection Must 

Have External Ground Fault Protection Installed
• Ungrounded DC Systems with High Resistance Ground Fault 

Detection are Permitted



NEC 2020 Article 690 Revisions on Disconnects
• Disconnects > 30 V Must Be Protected From Easy Access by 

Unqualified Personnel
• Disconnects Not Rated for KAIC Have to Be So Marked
• Disconnects More than 10’ or Out of Sight Must be Locked
• MicroInverter Mating Connectors Can be Listed to Be Used as 

Disconnects



Contact Information
• Curtis Ashton

– curtisashton@ampowersys.com
– (720) 845-0846

• Special Thanks for His Expertise to Rob Rallo
– robrallo@solarsystemservices.net
– (443) 333-8104

mailto:curtisashton@ampowersys.com
mailto:robrallo@solarsystemservices.net


Open Q&A
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