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KEY FEATURES OF LiFePO4

Quick References
•	 Safety: LiFePO4 when combined with a quality protective BMS essentially eliminates 

the risk of thermal runaway, unlike many other chemistries

•	 Longevity: Delivers 3000–7000+ cycles and 10–15 years of service life

•	 Shelf Life: 12–24 months, superior to most lithium chemistries

•	 Space Efficiency: Requires up to 50% less space than VRLA for equivalent capacity

•	 Lifecycle Cost: Higher upfront, but lowest long-term cost due to reduced replacements

•	 Environmental Impact: Free from toxic lead, cobalt, and cadmium, offering a 
greener solution

•	 Future-Readiness: Meets the demands of next-generation inverter systems with 
reliability and scalability

•	 BMS Integration: Requires a quality BMS with inverter communication and individual 
cell charging/balancing

Recommendation
For those seeking proven short-term reliability, VRLA remains a viable option. For the 
most advanced, future-ready, and sustainable choice, LiFePO4 stands as the definitive 
battery technology for lighting inverter systems.

Executive Summary
Lighting inverter systems provide reliable emergency lighting during power outages in 
homes, offices, hospitals, and public buildings. At the core of these systems are batteries, 
which define performance, safety, and long-term cost. Two leading technologies stand 
out: Valve-Regulated Lead-Acid (VRLA) and Lithium Iron Phosphate (LiFePO4). VRLA 
batteries have been the trusted, proven solution for decades, offering affordability and 
wide availability. However, as technology advances, LiFePO4 is quickly becoming the 
preferred choice for the future, with unmatched safety, longevity, and space savings.
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COMPARISON OF 
BATTERY TECHNOLOGIES
The following sections outline the main battery chemistries available in the current 
market, with emphasis on their construction, performance, advantages, limitations, 
long-term relevance, and application to life-safety emergency lighting systems.

VRLA (VALVE-REGULATED LEAD-ACID)
Valve-Regulated Lead-Acid (VRLA) batteries have been the backbone of inverter systems for decades. They use lead-
calcium alloy plates combined with either absorbed glass mat (AGM) or gel electrolytes, sealed in a valve-regulated 
housing to prevent leakage and minimize maintenance. VRLA cells are offered in multiple formats: standard service 
life batteries last 4-6 years, long-life models extend to 8-10 years, and pure lead designs can reach 10-12 years under 
optimal conditions. Despite their reliability, VRLA batteries are heavy and require substantially more space than modern 
lithium chemistries—often two to three times more for equivalent energy storage. Their operating temperature range is 
typically limited to 0°C to +40°C, though high-temperature variants can extend performance to 60°C (the ideal operating 
temperature is 20–25 °C), and temperatures consistently above this range can drastically reduce expected lifespan, 
often cutting service life by half or more. Shelf life is limited to about 6 months before recharge is required. With moderate 
volatility risks under overcharge conditions and relatively low cycle counts of 300–1200, VRLA remains a practical and 
affordable solution for cost-sensitive or short-term inverter projects.

LiFePO4 (LITHIUM IRON PHOSPHATE)
Lithium Iron Phosphate (LiFePO4 or LFP) batteries represent the future of inverter system energy storage, offering a 
combination of performance and safety unmatched by older chemistries. The lithium iron phosphate cathode, coupled 
with a graphite anode, creates a highly stable olivine crystal structure that resists breakdown even under thermal stress, 
when combined with a quality protective BMS, essentially, eliminating the risk of thermal runaway. LiFePO4 cells typically 
operate across a wide temperature range from –10°C to +60°C (the ideal operating temperature is 20–40°C), making 
them suitable for both hot and cold climates. With cycle lives exceeding 2000 and often reaching 7000 or more, and 
a service life of 10–15 years, they deliver reliability with minimal maintenance. Shelf life is also excellent, ranging from 
18-24 months, meaning they can be stored significantly longer than most lead-acid batteries without recharge. Their 
energy efficiency of 95–98% ensures maximum utilization of stored energy, while their compact form factor achieves up 
to 70% space savings over VRLA banks. Although their upfront cost is higher, the reduction in replacements, combined 
with improved safety and environmental benefits, makes LiFePO4 the lowest total cost of ownership and the best-suited 
technology for inverter applications moving forward.

Ni-Cd (FLOODED NICKEL-CADMIUM)
Flooded Nickel-Cadmium (Ni-Cd) batteries, once a staple for industrial standby systems, use nickel oxide hydroxide 
cathodes and cadmium anodes immersed in a liquid potassium hydroxide electrolyte within vented cell designs. 
Known for their ruggedness, Ni-Cd cells perform reliably across a wide temperature range of –20°C to +45°C (the 
ideal operating temperature is 20–25°C) and tolerate deep discharge and abusive conditions without significant 
performance loss. They offer long cycle lives ranging from 1500–2500, and service life can extend up to 20 years. 
However, their shelf life is more limited to around 12-24 months, requiring periodic maintenance charging. Ni-Cd 
technology is now considered dated in inverter applications, having been largely replaced by VRLA and lithium 
solutions. The requirement for regular maintenance, such as electrolyte refilling, combined with high self-discharge 
rates and the environmental hazards associated with cadmium, have accelerated its decline.
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LCO (LITHIUM COBALT OXIDE)
Lithium Cobalt Oxide (LCO) batteries are built using a lithium cobalt oxide cathode paired with a graphite anode, a 
chemistry known for its exceptionally high energy density. This design has made LCO the dominant choice for portable 
electronics such as smartphones, laptops, and cameras, where compact size and long runtime are critical. However, 
the layered structure of the cobalt cathode is thermally unstable, and under stress these cells are prone to overheating 
and thermal runaway, posing serious safety concerns. However, the use of a high-quality battery management system 
(BMS), proper pack design, and quality product assembly significantly reduces the risk of overheating and thermal 
runaway. LCO batteries typically offer 500–1000 charge cycles, with a short shelf life of less than 1 year, and they perform 
best within a narrow temperature range of 0°C to +40°C (the ideal operating temperature is 20–25°C). Their volatility 
and short cycle life make them unsuitable for inverter systems, despite their impressive energy density.

LMO (LITHIUM MANGANESE OXIDE)
Lithium Manganese Oxide (LMO) batteries use a manganese spinel structure in the cathode, which provides better 
thermal stability and safety compared to cobalt-heavy chemistries. LMO cells are capable of high discharge rates, 
making them popular in applications requiring bursts of power such as power tools and e-bikes. However, their energy 
density is moderate, and their lifespan is limited to about 800–2000 cycles. Shelf life is generally 9-12 months, requiring 
recharging if stored for long periods. Operating reliably between –10°C and +55°C (the ideal operating temperature is 
20–25°C), they strike a balance between safety and performance but fall short of the endurance and efficiency required 
for long-term inverter use.

NMC (LITHIUM NICKEL MANGANESE COBALT)
Lithium Nickel Manganese Cobalt (NMC) batteries combine three materials in the cathode to balance energy density, 
stability, and cost. The chemistry can be adjusted in different ratios (such as NMC 111 or NMC 811) to favor longer life, 
lower cost, or higher capacity. With a cycle life of 1500–3000 cycles and a shelf life of 12-18 months, NMC batteries offer 
a middle ground between longevity and performance. Shelf life is more limited at about 2–3 years. They operate within 
–20°C to +60°C (the ideal operating temperature is 20–30°C) and are less volatile than LCO or NCA, though still not as 
inherently stable as LiFePO4. While they are one of the most common choices in electric vehicles and stationary energy 
storage, their reliance on cobalt raises both ethical and cost concerns.

NCA (LITHIUM NICKEL COBALT ALUMINUM OXIDE)
Lithium Nickel Cobalt Aluminum Oxide (NCA) batteries enhance nickel-based chemistry with the addition of aluminum 
to improve structural stability. The result is a high-energy-density cell with long potential service life of 1000-2000 cycles 
under strict management. NCA operates in the range of -20°C to +55°C (the ideal operating temperature is 20–30°C) 
and offers a shelf life of 12 months. While used extensively in electric vehicles (most notably by Tesla), NCA cells are 
expensive, and their volatility requires advanced battery management systems to ensure safe operation.

LTO (LITHIUM TITANATE)
Lithium Titanate (LTO) batteries differ fundamentally from other lithium chemistries by replacing the conventional 
graphite anode with lithium titanate. This substitution results in exceptional safety, virtually eliminating the risk of 
thermal runaway, and provides an extraordinary cycle life of 10,000–25,000+ cycles. LTO batteries can also charge very 
quickly and operate in extreme temperatures from –30°C to +55°C (the ideal operating temperature is 15–35°C), 
making them one of the most durable energy storage solutions available. Their service life can exceed 25 years in 
operation, but shelf life is realistically about 2–3 years before requiring recharge. While technically superior in safety and 
durability, low energy density and price make them impractical for most inverter systems.

LiFePO4 is quickly becoming the preferred choice for the 
future, with unmatched safety, longevity, and space savings.
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BATTERY TYPE CYCLE LIFE SHELF LIFE (MONTHS)
Before Recharge

SERVICE LIFE (YEARS)
Ideal Temperature

ENERGY DENSITY
(Wh/Kg)

VRLA
Standard 500-1200 3-6 4-6 30-50

VRLA
Long-Life 1200-2500 6 8-10 35-55

VRLA
Pure-Lead 800-1800 6-12 10-12 35-60

Ni-Cd 1500-2500 12-24 15-20 40-60

LiFePO4 3000-7000+ 18-24 10-15 150-220

LCO 500-1000 12 4-6 150-200

LMO 800-2000 9-12 6-8 100-140

NMC 1500-3000 12-18 10-12 150-220

NCA 1000-2000 12 10-12 180-250

LTO 10000-25000 36 20-25+ 60-110

BATTERY QUICK 
REFERENCE GUIDES
BATTERY LIFE & PERFORMANCE OVERVIEW

BATTERY TYPE OPERATING
TEMPERATURE (ºC)

IDEAL OPERATING
TEMPERATURE (ºC) SAFETY COST

VRLA
Standard

0 to 40
(Up to 60 w/ High-Temp) 20 to 25 High $

VRLA
Long-Life 0 to 50 20 to 25 High $$

VRLA
Pure-Lead 0 to 50 20 to 25 High $$$

Ni-Cd -20 to 45 20 to 25 High $$$$

LiFePO4 -10 to 60 20 to 40 Very High $$$

LCO 0 to 45 20 to 25 Low $$$

LMO -10 to 55 20 to 25 Moderate $$

NMC -20 to 60 20 to 30 Moderate $$

NCA -20 to 55 20 to 30 Moderate $$$

LTO -30 to 55 15 to 35 Very High $$$$

BATTERY OPERATING TEMPERATURES, SAFETY RATINGS & COST
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Valve-Regulated Lead-Acid (VRLA) and Lithium Iron Phosphate (LiFePO4) represent two very different approaches to powering lighting 
inverter systems. VRLA remains the proven, widely used technology with affordability and availability on its side. It offers reliable performance 
for shorter-term projects but requires far more installation space, has lower cycle counts, and suffers from reduced service life in higher 
temperatures. LiFePO4, by contrast, is a modern solution engineered for long-term dependability. With thousands of cycles, extended calendar 
and shelf-life, superior thermal stability, and a compact footprint, LiFePO4 directly addresses the shortcomings of VRLA. Although the upfront 
cost is higher, its safety profile, low maintenance, and superior service life translate into the lowest total cost of ownership over time.

LEARN MORE WITH OUR UPCOMING AIA PRESENTATION
Join us on February 18 at 12 PM EST for an AIA-accredited session exploring the latest advancements 

in lithium battery technology, safety, and performance in emergency lighting systems.

FINAL CONCLUSION
As inverter systems evolve, the demand for batteries that combine safety, reliability, compact design, and long-term value has never 
been greater. VRLA batteries will continue to serve as a dependable choice for budget-conscious or short-term installations, but they are 
gradually reaching the limits of their capabilities. Their shorter service life, heavier weight, larger footprint, and moderate volatility mean 
they cannot keep pace with the rising expectations for modern building systems. LiFePO4, on the other hand, delivers a forward-looking 
solution. With its unmatched safety profile, extended cycle life, improved shelf stability, and space efficiency, LiFePO4 directly addresses 
the shortcomings of VRLA and other chemistries. Beyond technical superiority, its ability to reduce replacement frequency and minimize 
maintenance establishes it as the lowest total cost of ownership option on the market. For building owners, facility managers, and safety-
conscious consumers, LiFePO4 is not just an incremental upgrade—it is the future of inverter system batteries.

One important consideration with LiFePO4 systems is the need for a Battery Management System (BMS). A quality BMS monitors cell 
voltages, temperatures, and state of charge to ensure safe operation and maximize battery life. Customers should always look for LiFePO4 
systems that include a reliable BMS designed to communicate directly with the inverter, as this integration is essential for proper charging, 
discharging, and fault protection. Furthermore, the BMS should include individual cell charging and balancing capabilities, ensuring that 
each cell operates within safe limits and contributes evenly to the overall performance of the battery pack.

Quick Reference

•	 Service Life: VRLA offers 4-6 years (standard), 8-10 years (long-life), 10-12 years (pure lead); LiFePO4 provides 10–15 years

•	 Safety: VRLA can vent gases under stress; LiFePO4 remains chemically stable with no risk of thermal runaway

•	 Cost: VRLA is cheaper upfront, while LiFePO4 delivers the lowest long-term cost of ownership

Notes: The values and operating specifications presented here reflect typical characteristics of common battery designs. Actual 
performance and parameters may vary based on factors such as cell chemistry, manufacturer, construction approach, and the 
integrated battery management system (BMS). For accurate, application-specific information, always consult the official datasheets and 
technical documentation for the specific battery model being utilized.

THE TRANSITION: 
VRLA VS. LiFePO4


