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Abstract 

The increasing adoption of solar photovoltaic (PV) systems has significantly increased the demand for 

reliable energy storage solutions. Solar inverter batteries store excess electrical energy generated by PV 

systems and provide uninterrupted power during periods of low solar irradiance or grid outages. The 

performance of a solar power system largely depends on battery technology, charging characteristics, cycle 

life, efficiency, cost, and environmental impact. This review paper presents an overview of commonly used 

solar inverter batteries, including lead-acid, absorbed glass mat (AGM), gel, lithium-ion, lithium iron 

phosphate (LiFePO₄), and sodium-ion batteries. A comparative analysis based on efficiency, depth of 

discharge, lifespan, maintenance, charging time, cost, and applications is presented. Recent research trends 

in battery management systems (BMS), smart energy management, and next-generation battery technologies 

are also discussed. 
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1. Introduction 

Solar photovoltaic (PV) systems have become one of the fastest-growing renewable energy technologies. 

Since solar energy production is intermittent, battery energy storage systems (BESS) are essential for storing 

surplus energy and ensuring a stable power supply. Solar inverter batteries improve system reliability, 

enhance self-consumption of solar energy, and provide backup during power outages. 

 

Conventional lead-acid batteries have been widely used because of their low cost. However, lithium-ion and 

LiFePO₄ batteries are increasingly preferred due to their higher energy density, longer cycle life, and lower 

maintenance. 

 

2. Solar Inverter Battery Technologies 

The major battery technologies used with solar inverters include: 

 

✓ Flooded Lead-Acid Battery 

✓ Sealed Lead-Acid Battery 

✓ AGM (Absorbed Glass Mat) Battery 

✓ Gel Battery 

✓ Lithium-Ion Battery 

✓ Lithium Iron Phosphate (LiFePO₄) Battery 

✓ Sodium-Ion Battery (emerging technology) 
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3. Working Principle 

During daylight hours, the PV array generates electricity. The solar inverter supplies power to the connected 

load and charges the battery simultaneously. When solar power is unavailable or insufficient, the inverter 

draws energy from the battery to supply the load. 

 

The Battery Management System (BMS) monitors: 

 

✓ Battery voltage 

✓ Charging current 

✓ Temperature 

✓ State of Charge (SOC) 

✓ State of Health (SOH) 

 

to ensure safe and efficient operation. 

 

4. Comparison of Solar Inverter Batteries 

 

Parameter 
Lead-Acid 

AGM Gel 
Lithium-Ion 

LiFePO₄ 

Energy Density (Wh/kg) 30–50 35–55 35–60 150–250 90–160 

Cycle Life 500–1000 600–1200 800–1500 2000–4000 4000–7000 

Efficiency (%) 75–85 80–90 80–90 90–95 95–98 

Maintenance High Low Low Very Low Very Low 

Charging Speed Slow Medium Medium Fast Fast 

Weight Heavy Heavy Heavy Light Light 

Cost Low Moderate Moderate High 
Moderate–

High 

Depth of Discharge 50% 60% 70% 80–90% 90–100% 
 

 

5. Performance Analysis 

Charging Efficiency 

 

Battery Type Charging Efficiency (%) 

Lead-Acid 80 

AGM 88 

Battery Type Charging Efficiency (%) 

Gel 88 

Lithium-Ion 94 

LiFePO₄ 97 
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Cycle Life 

 

Battery Approximate Cycles 

Lead-Acid 700 

AGM 900 

Gel 1200 

Lithium-Ion 3000 

LiFePO₄ 6000 

 

6. Comparative Discussion 

Lead-Acid Battery Advantages 

• Low initial cost 

• Well-established technology 

• Easy availability 

 

Disadvantages 

• Short lifespan 

• High maintenance 

• Lower efficiency 

• Heavy weight  

Lithium-Ion Battery Advantages 

• High efficiency 

• Long service life 

• Fast charging 

• Lightweight 

• Compact size 

 

Disadvantages 

 

• Higher initial cost 

• Requires advanced Battery Management System (BMS) 

 

LiFePO₄ Battery Advantages 

• Excellent thermal stability 

• Very long cycle life 

• High safety 

• High efficiency 

• Deep discharge capability 

 

 

Disadvantages 

• Higher upfront cost than lead-acid 

• Requires compatible inverter/charger settings 

 

 

https://ijsrem.com/


        
            International Journal of Scientific Research in Engineering and Management (IJSREM) 

                       Volume: 10 Issue: 07 | Jul - 2026                            SJIF Rating: 8.659                                       ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | https://ijsrem.com                                                                                                                                 |        Page 4 
 

7. Applications 

Solar inverter batteries are widely used in: 

 

• Residential rooftop solar systems 

• Commercial PV installations 

• Industrial backup systems 

• Telecom towers 

• Rural electrification 

• Microgrids 

• Agricultural irrigation systems 

• Electric vehicle charging stations 

 

8. Recent Research Trends 

Current research focuses on: 

 

• Artificial Intelligence-based Battery Management Systems 

• Solid-State Batteries 

• Sodium-Ion Batteries 

• Fast-Charging Technologies 

• Hybrid Battery-Supercapacitor Systems 

• Internet of Things (IoT)-Based Battery Monitoring 

• Digital Twin-Based Battery Health Prediction 

 

9. Future Scope 

Future solar inverter batteries are expected to feature: 

• Higher energy density 

• Lower manufacturing cost 

• Improved safety 

• Faster charging 

• Enhanced recyclability 

• Longer lifespan 

• Better integration with smart grids 

 

 

10. Conclusion 

Battery technology is one of the most critical components of modern solar energy systems. Although lead-

acid batteries remain a cost-effective solution for budget-conscious users, lithium-ion and LiFePO₄ batteries 

provide significantly higher efficiency, longer cycle life, deeper depth of discharge, and lower maintenance. 

Among the technologies compared, LiFePO₄ batteries offer the best overall performance for most residential 

and commercial solar inverter applications, despite their higher initial cost. Ongoing advancements in 

battery chemistry, intelligent battery management, and manufacturing are expected to further improve the 

reliability and affordability of solar energy storage. 
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