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Illustration of system flexibility with energy storage 
(sample day, Massachusetts)
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•Massachusetts Energy Storage Initiative (2016), p. 101. [Link]

https://www.mass.gov/service-details/energy-storage-study


 
Lead Acid 

battery 

Lithium-ion battery Flow batteries (very 

diverse chemistries) 

Zinc-air 

battery 

Sodium Sulphur 

battery 

Sodium-ion 

battery 

Thermal storage 

Chemistries Flooded, 

VLR/AGM/Gel, 

carbon matt 

LCO, LMO, NMC, 

NCA, LFP, Li-S, Li 

Metal, LTO, Li-Si 

Vanadium redox, 

Iron-Chromium, Zinc-

Bromine 

Zinc-air NaS  Molten salts, 

different types of 

rocks, concrete 

Discharge 

time 

Short to long 

(>20h)  

Short (up to 4h) Medium to very long 

(>4h; >10h possible) 

Long (>6h) Medium to long 

(4h-10h) 

Very long (20 h) Medium to long (4h-

10+h) 

Lifetime (# of 

deep cycles) 

200 – 800 2,000 – 8,000 10,000 – 15,000 10,000+ 7,500 3,000 – 4,500 10,000+ 

Round Trip 

Efficiency 

60%-70% 85%-98% 60%-85% 50-70% 70 – 90% 80 – 90% 60%-85% 

Density Low High Medium Medium High Low Medium 

Cell Price (for 

batteries) 

<$100/kWh <250$/kWh, and 

falling 

$200-$600 per kWh $160-

250/kWh 

$250/kW $300/kW Varies per 

technology 

Safety Risk of gassing, 

flammability 

risk 

Flammability risk No flammability. 

Electrolyte spills 

possible.  

No safety 

risk 

observed 

Operates at high 

temperature so 

risks to operators 

No safety risk 

observed 

No safety risk 

observed 

Toxicity Very critical Depends on 

chemistry. LFP has 

no toxic materials 

Varies per chemistry: 

some very critical 

(Bromine), others no 

toxicity risks 

None Medium (Sulphur) None None 

Cooling and  

miscellaneou

s issues 

Hazardous 

manufacturing 

Complex heat 

management critical 

in hot climates 

Possible maintenance 

issues in harsh 

environments 

No cooling 

required 

Operates at high 

temperature 

No cooling 

required 

No cooling required 
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https://www.nrel.gov/docs/fy21osti/77621.
pdf

https://www.nrel.gov/docs/fy21osti/77621.pdf
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DNV GL © SAFER, SMARTER, GREENERDNV GL ©

Trends in BESS Testing in 
emerging markets

17



DNV GL ©

Evolving codes and standards

▪ IFC 2018 (and draft 2021)

▪ NYC Fire Code Development

▪ UL 1973

▪ UL 9540

▪ UL 9540A Burn Testing

– Cell-level

– System-level

– Unit-level

– Outputs used to drive design requirements

▪ NFPA 855
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DNV GL ©

Cell vs. system-level testing

▪ Cell level generally pursued by cell manufacturers, 

integrators, or large-scale energy storage projects

▪ Cell-level best for producing degradation modeling 

results

▪ System-level testing and warranties are the typical 

level reviewed by developers and projects

▪ System-level warranties becoming standard as 

industry shifts away from containerized storage and 

toward proprietary enclosures
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DNV GL ©

Industry Testing and Warranty Trends

▪ Products with strong warranties and balance sheets 

have driven bankability proposals

▪ Augmentation strategies reflect testing uncertainties

▪ Performance-based warranties becoming more 

common

▪ Driven by shift toward proprietary enclosures such 

as Tesla, Wartsila, Fluence, and even Chinese cell 

OEMs, and away from containerized installs
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