
Lead-Acid Batteries in 
Megawatt-Scale Multi-
Purpose Applications
Application Challenges of using UltraBattery® for Frequency 
Regulation, Demand Response, and Microgrid Operation 

UltraBattery (UB) is a Partial State of Charge(PSoC) advancedLead-Acid battery that combines

ultracapacitorand lead-acid chemistriesin a singleelectrolyte, overcomingthe limitations of typical

VRLAswith continuousPSoCoperationwhile retainingadvantagessuchasflexibleover-voltageandhigh

temperature limits. Significantlyreducedinternal resistanceallowsit to chargeand dischargeat much

higherrates(1.4C1) than typicalVRLA.

The UltraBattery Advantage 

Oneof the best revenuestreamsfor PSoCbatteries, is frequencyregulationin the electricity market.

TheUltraBatteryshinesmost when regulatingan energyneutral power signalreceivedfrom the grid

operator. Onechallengefacedis at the outer edgesof operation: 80%<SoC<30%wherethe battery may

increasein impedance,unexpectedlycausinga rise in voltagewhichcanapproachthe inverter voltage

trip levels. Predictivealgorithmsasshownbelowcanpreventa potential voltagetrip shouldthe voltage

risetoo quickly.

OverallInternalResistanceOIR= (OCV- V)/I

I_Chrg_Limit= (Vmax- Vmax_Limit)/OIRfor onestringof batterieswhere

DCA= I_Char_Limit* Vmax_Limitor a more conservativeDCAcanbe gainedby DCA= (I_Char_Limit*

V_string) for a stringof batteries

Dynamic Charge Acceptance

Idle batteries which havenot run for over 24 hours havea reducedcapacitywhen comingback into

operation,particularlyif the entry beginsat full power. Typicallya battery refreshwould return power

levelsbackto the mid-point to start in the frequencyregulationmarket.

However9ŎƻǳƭǘΩǎapproachhas been to implement a light άŜȄŜǊŎƛǎŜέregime to keep batteries in a

running state, ready for next use. Insteadof shutting down, inverter power is cycledat low levelsto

keepcurrent flowing, avoidingthe idle period altogether. UltraBatterychemistryprefers PSoCcycling

overidling,but this causesnoneof the degradationthat wouldoccurin a standardVRLA.

Idle batteries: Reduction in Capacity

Thisallowsfor a battery systemthat cannot onlyprovidea UPSbackup but alsothe following:

Å MicrogridOperationwith distributedrenewablesandDGs

Å FrequencyregulationAncillaryServicewhile connectedon grid

Å DemandResponsewhile connectedon grid.

The presentation will cover techniques Ecoult has adapted to achieve systems that have now

demonstratedveryhighreliability in the field overmanyyears.

UB in Microgrids & Ancillary Services

(Journal of Power Sources 196 (2011) 1541ς1554) 
on standard (non-UltraBattery) VRLAs.

Heatisan issuein highpoweredbatteries. While lead-acidisableto operateat veryhightemperatures

(up to 50ϲC) it is still a challengeto keep all batteries throughout the string at the sameoperating

temperature. Deviation in temperature unbalancesbatteries within a string, which in turn causes

limitations at the edgesof SoCoperation. UsingCFDanalysis,fan mountings,and specialisedHVAC

designs,we haveoptimisedthe battery racksto keepall batteries,from the top rackto the bottom rack

within 3ϲCof oneanother.

Optimised Racks for Power Applications D
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