
1

Batteries for Energy Batteries for Energy 
StorageStorage

byby

Keith AdendorffKeith Adendorff

http://www.battery.co.za

Batteries for energy storageBatteries for energy storage

�� Battery typesBattery types

�� Battery selection criteriaBattery selection criteria

�� Secondary batteriesSecondary batteries

�� ApplicationsApplications

�� ConclusionsConclusions



2

Battery TypesBattery Types

�� Primary Primary 

�� Secondary (Rechargeable)Secondary (Rechargeable)

�� Reserve Reserve 

�� Flow batteriesFlow batteries

�� Metal airMetal air

�� Fuel CellsFuel Cells

Secondary batteriesSecondary batteries

�� Lead acid batteryLead acid battery

�� Nickel Nickel –– cadmium (NiCad)cadmium (NiCad)

�� Nickel Nickel –– metal hydride (NiMH)metal hydride (NiMH)

�� Sodium sulphurSodium sulphur

�� Sodium nickel chloride (Zebra) Sodium nickel chloride (Zebra) 

�� Lithium batteriesLithium batteries
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Battery selection criteriaBattery selection criteria

�� Energy density (Wh/kg, Wh/l)Energy density (Wh/kg, Wh/l)

�� Power density (W/kg)Power density (W/kg)

�� VoltageVoltage

�� Power requirements and durationPower requirements and duration

�� Cycle lifeCycle life

�� Temperature (and management)Temperature (and management)

�� Self dischargeSelf discharge

�� MaintenanceMaintenance

�� SafetySafety

�� CostCost

�� Physical dimensionsPhysical dimensions

�� Charger characteristics and requirementsCharger characteristics and requirements

�� Environmental (& recycling)Environmental (& recycling)

�� Other (reliability, ease of manufacture, warranty)Other (reliability, ease of manufacture, warranty)

766 (180)766 (180)CC66+LiNi+LiNi0.80.8CoCo0.20.2O2O2LiCLiC66+Ni+Ni0.80.8CoCo0.20.2O2O2LiCLiC66LiNiOLiNiO22

1233312333COCO22PetrolPetrol

766 (140)766 (140)CC66+LiCoO+LiCoO22LiCLiC66+CoO+CoO22LiCLiC66LiCoOLiCoO22

760 (120)760 (120)NaNa22SS332Na+3S2Na+3SNa Na SS

Cell reactions & specific energiesCell reactions & specific energies

790 (120)790 (120)2NaCl+Ni2NaCl+Ni2Na+NiCl2Na+NiCl22NaNaNiClNiCl22

+280 (70)+280 (70)2Ni(OH)2Ni(OH)22 +M+M2NiOOH+MH2NiOOH+MHMHMHNiOOHNiOOH

217 (50)217 (50)2Ni(OH)2Ni(OH)22+Cd(OH)+Cd(OH)222NiOOH+2H2NiOOH+2H22O+CdO+CdCdCdNiOOHNiOOH

171 (35)171 (35)2PbSO2PbSO44+2H+2H22OOPbOPbO22+2H+2H22SOSO44+Pb+PbPbPbPbOPbO22

(Wh/kg)(Wh/kg)DischargeDischargeVoltsVoltsChargeCharge--veve+ve+ve

Specific Specific 

energyenergy
Cell reactionCell reactionBatteryBattery
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�� Power and energy densityPower and energy density

Battery selection criteriaBattery selection criteria

Status & prospects for zero emissions vehicle technology – Report of the ARB independent expert panel, 2007

http://www.arb.ca.gov/msprog/zevprog/zevreview/zev_panel_report.pdf

�� Voltage Voltage 

�� LifeLife

Battery selection criteriaBattery selection criteria

Na-NiCl2

Voltage

Modified from “Types of batteries & differences in energy & power”,        
B. Fultz, 2007

From “ Role of Energy storage for distributed energy resources”, 2006 
Thomas Key (tkey@epri.com). 
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Lead acid batteriesLead acid batteries

Overall cell reaction:

PbO2 + Pb + 2H2SO4 2PbSO4 + 2H2O

Overcharge reaction:

2H2O            2H2 + O2 (water loss)

Oxygen recombination cycle:

2Pb + 2H2SO4 + O2                   2PbSO4 + 2H2O

2PbSO4 + 4H
+ + 4e- 2Pb + 2H2SO4

O2 + 2H2 2H2O

(water preserved)

Pb PbO2

+Water

Oxygen

Types of lead acid batteriesTypes of lead acid batteries

5 yrs
4 yrs
3 yrs

Conventional 
flooded or 
hybrid. High 
gas rate. 
Water added

Maintenance free. 
“Sealed”, flooded. 

Minor gas vented 
through lid. Excess 
water determines 
life

VRLA (AGM or GEL). 
“Sealed”, no excess 

electrolyte. Water 
retained by oxygen 
recombination cycle. Gas 
may be released through 
valve 

H20

Valve

Pb-Sb Pb-Ca (Sn) Pb-Ca (Sn)



6

SLI batterySLI battery
Construction of Cells

1. Maintenance free battery

2. Positive plate

3. Separator

4. Negative plate

5. Strap

6. Heat sealed lid

7. Central venting system

8. Intercell weld

9. Terminal

10. Mud rib

SLI (Starting, lighting & ignition) batteriesSLI (Starting, lighting & ignition) batteries
• Starter motor

• Ignition

• Head Lights

• Side Lights

• Fog Lights

• Rear Lights

• Reverse Lights

• Brake Lights

• Hazard Lights

• Dashboard Lights

• Interior Lights

• Direction Indicators

• Horns

• Electronic Voice 

Synthesizer

• Wipers

• Screen Washer

• Fuel Pump

• Heater/Demister/Blower

• Rear Window Heater

• Rear Window Wash/Wipe

• Cigarette Lighter

• Radio/Cassette Player

• Electric Aerial.

• CB Radio

• Burglar Alarm

• Seat Belt Warning Light

• Central Locking System

• Catalyst Heater

• Electric Windows

• Electric Sun Roof

• VHF Radio Telephone

• Air Conditioning

• Electric Mirrors

• Electric Seat Adjustment

• Electric Seat Heater

• Air Damper Compressor

Unit

• Water Injection System

• Electronic Fuel Injection

• Electronic Instrument 

Displays

• Headlamp Wash/Wipe
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SLI battery SLI battery -- VRLA vs floodedVRLA vs flooded

50 % DOD cycle test
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flooded 
95 Ah

VRLA 
95 Ah

Advantages of VRLAAdvantages of VRLA

• Extremely low water loss

• Increased cycle life & energy throughput

• Improved cold cranking

• Increased capacity for same size

• Improved shelf life

• Leakproof battery

• No acid stratification
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Flooded lead acid batteriesFlooded lead acid batteries
Plante battery

Thick electrodes

20 year life

Applications: Power 
stations, telecoms etc.

Flooded tubular plate 
battery (OPzS)

Applications: Traction, solar 
and load leveling. 

Flooded flat plate battery (OGi)

Applications: Telecoms and UPS. 

http://www.battery.co.za

�� Valve regulated (AGM & GEL)Valve regulated (AGM & GEL)
•• OPzV OPzV -- VRLA/GEL (sealed) tubular plate VRLA/GEL (sealed) tubular plate 

•• Applications: Telecommunications and solarApplications: Telecommunications and solar

•• OGiV OGiV –– VRLA/AGM (sealed) flat plate batteriesVRLA/AGM (sealed) flat plate batteries

•• Applications: UPS and high rate requirementsApplications: UPS and high rate requirements

VRLA batteriesVRLA batteries

Sonnenschein A600

200 – 3000Ah (C10) 15-18years (20 C)

Telecommunications (www.exide.com)Acid stratification in lead-acid battery systems. www.exide.com 
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Sodium sulphur batterySodium sulphur battery

e

Cell = 2.0 V
T= 350 °C 
120 Wh/kg
260 W/kg 
Traction, UPS 
& load levelling

Illustrations: 
www.ngk.co.jp

Zebra BatteryZebra Battery

http://www.cebi.com
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Zebra Battery     Zebra Battery     
Each battery is composed of series and parallel 
connected cells (example Z37 has 240 cells)    
Battery: 120 Wh/kg, 180 W/kg (310V or 619V)

Cycles 3500 (80% DOD) Application: Traction

37 x 235 mm

ML3  
38 Ah 
685 g

http://www.cebi.com

Zebra BatteryZebra Battery

http://www.cebi.com
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�� 2NiOOH+ 2H2NiOOH+ 2H22O +Cd= 2Ni(OH)O +Cd= 2Ni(OH)22 +Cd(OH)+Cd(OH)22 (E(E00= 1.29V)= 1.29V)

�� Temperature: Temperature: --40C to 50 C40C to 50 C

�� Electrolyte: 32% KOHElectrolyte: 32% KOH

�� PAM: Ni(OH)PAM: Ni(OH)22 +C +Co(OH)+C +Co(OH)22
�� NAM: Cd(OH)NAM: Cd(OH)22 +Fe +(C)+Fe +(C)

�� Grid: Ni plated steelGrid: Ni plated steel

�� Separators: PP, or nylonSeparators: PP, or nylon

�� Cell (plate) designs:Cell (plate) designs:
•• Vented Vented -- pocket, plasticpocket, plastic--bonded,                                                         bonded,                                                         

fiber, foam or sintered fiber, foam or sintered 

•• SealedSealed –– smaller cells, cylindrical                                     smaller cells, cylindrical                                     
or rectangular with recombinationor rectangular with recombination

�� Applications: UPS, telecoms, PV,                                Applications: UPS, telecoms, PV,                                
HEV, EVs, satellite, aircraft, trainsHEV, EVs, satellite, aircraft, trains

�� Performance:60Wh/Kg, 200W/kg,                                   Performance:60Wh/Kg, 200W/kg,                                   
2000 cycles2000 cycles

Nickel cadmiumNickel cadmium

SAFT SB H 920 (72kg)

H, M, L for high, medium & low rates                
(www.saftbatteries.com)

Cell 
container 
(PP)

Separating 
grids                                               

Plate group 
bar -
connects 
plate tabs 
to terminal 
posts                                               

Protective 
cover

Flame 
arresting 
vent (PP)                                               

Plate tab                                              

Plate frame 
& current 
collector                                               

Plate 
pockets of 
perforated 
steel                                               

�� NiOOH+ MH = 2Ni(OH)NiOOH+ MH = 2Ni(OH)22 +M   (E+M   (E00=1.35V)=1.35V)

�� Positive electrode like NiCd (plus ZnO & LaPositive electrode like NiCd (plus ZnO & La22OO33))

�� Cell design same as sealed NiCd foam platesCell design same as sealed NiCd foam plates

�� Separator: Non woven polypropylene Separator: Non woven polypropylene 

�� Negative electrode: MH slurry on perforated foil (Ni, Cu or Negative electrode: MH slurry on perforated foil (Ni, Cu or 
steel)steel)

�� Negative electrode Negative electrode -- two types of metal hydride used:two types of metal hydride used:
•• ABAB55 (LaNi(LaNi5, 5, A=Mischmetal,La,Ce,Ti and B=Ni,Co,Mn,Al).               A=Mischmetal,La,Ce,Ti and B=Ni,Co,Mn,Al).               
Most used (300 Ah/kg)Most used (300 Ah/kg)

•• ABAB22 (TiNi(TiNi22, A=Ti,V and B=Ni,Zr (Cr,Co,Fe,Mn)                             , A=Ti,V and B=Ni,Zr (Cr,Co,Fe,Mn)                             
Used by Ovonic (400Ah/kg) Used by Ovonic (400Ah/kg) 

�� Applications: Smaller cells than NiCd. Large batteries: EVApplications: Smaller cells than NiCd. Large batteries: EV’’s s 
(e.g. Toyota Prius ) (e.g. Toyota Prius ) 

�� Performance:60Performance:60--70Wh/Kg, 250W/kg,                                       70Wh/Kg, 250W/kg,                                       
2000 cycles (80% DOD)2000 cycles (80% DOD)

Nickel metalNickel metal--hydridehydride
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Nickel metalNickel metal--hydridehydride

Toyota Prius (2nd generation): NiMH battery – Panasonic

28 modules x 6 = 168 cells, 202V, 20kW (50% DOD)

Air cooled & computer controlled thermal management system

www.eaaev.org/CurrentEvents/pdf/2008/CurrentEvents200807.pdf 

Lithium batteriesLithium batteries
J.M.Tarascon & M. Armand (2001), Nature, vol 414, pp359-367

Voltage versus capacity for positive and negative electrode materials for Li cells. The cell 
potential is represented. Note the huge difference in capacity between Li metal and other 
negative electrodes, hence the interest in solving the problem of Li dendrite growth. 
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Lithium batteriesLithium batteries

142

120

180

LiCoO2

LMS

Cobalt 
LiCoO2

Modified from: www.BatteryUniversity.com and Wittingham, M.S. Chemical Rev, 2004 Vol 104, No 10 p4294

LiFePO4

Lithium batteriesLithium batteries

LiNiO2 +C6 NiO2 + LiC6

http://www.saftbatteries.com
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Lithium batteriesLithium batteries

Lithium batteriesLithium batteries

www.BatteryUniversity.com
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Lithium batteriesLithium batteries

SAFT

VL 45 E Cell

3.6v, 45Ah (C/3)

149 Wh/kg

664 W/kg

1.07 kg

http://www.saftbatteries.com

Lithium batteriesLithium batteries
SAFT – VL 34P Cell - High Power cell

Graphite anode, Ni alloy oxide cathode

3.6v, 33Ah (C rate)

2000 cycles (100 DOD)

120 Wh/kg

Max. Discharge: 500 A cont,

1900 A 2 sec pulse

Mass =0.94 kg 

Diameter = 54 mm

Length = 195 mm

Charge CCCV TO 4.1 V (0.04)

Charge current = C/2

Temp D = -30 to 60 C,  

Temp C  =  5 to 35 C

http://www.saftbatteries.com
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Lithium batteriesLithium batteries

Thermal runaway comparison. A) LiMnCoNiO2,, B) LiMn2O4 and C) LiFePO4 (A123). 

http:/www.aircraft-world.com/prod_datasheets/hp/A123/A123.pdf

A

B C

Standby battery applicationsStandby battery applications

From “ Role of Energy storage for distributed energy resources”,  Thomas Key (tkey@epri.com). 
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Battery applicationsBattery applications

From “ Role of Energy storage for distributed energy resources”,  Thomas Key (tkey@epri.com). 

Applications Applications –– Lead acidLead acid

www.cambridgeenergy.com/archive/2005-06-22/CEF-Tarrant.pdf
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Applications Applications -- NaS & NiCadNaS & NiCad

www.cambridgeenergy.com/archive/2005-06-22/CEF-Tarrant.pdf

Applications Applications –– Pb acidPb acid

SOC 50-90 %

590 cells x 12

1400A x 12

Wagner R, J of Power sources 67 (1997) 163-172

batteries@isea.rwth-aachen.de
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Applications Applications -- NiCdNiCd

(SAFT SBH 920 cells) 

Applications Applications -- NaSNaS
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Applications Applications –– LiLi--ionion

ConclusionsConclusions
�� There are pros and cons of every battery system which should be There are pros and cons of every battery system which should be weighed weighed 

up against the intended applicationup against the intended application

�� Lead acid batteries are good for float applications, have a low Lead acid batteries are good for float applications, have a low initial initial 

capital cost, proven technology with high recycling efficiency acapital cost, proven technology with high recycling efficiency and future nd future 

potential for improvements in lifepotential for improvements in life

�� Nickel cadmium and nickel metal hydride batteries have good cyclNickel cadmium and nickel metal hydride batteries have good cycling and ing and 

power capabilities at increased cost. They have a memory effect power capabilities at increased cost. They have a memory effect and high and high 

self discharge. Metal hydride batteries have higher energy densiself discharge. Metal hydride batteries have higher energy density with no ty with no 

toxic metals but poor charge acceptance at high temperatures andtoxic metals but poor charge acceptance at high temperatures and require require 

thermal managementthermal management

�� Sodium metal chloride batteries have high energy density & are pSodium metal chloride batteries have high energy density & are promising romising 

for traction and stationary applications. Disadvantages are the for traction and stationary applications. Disadvantages are the high high 

temperatures, limited manufacturing facilities & lack of high potemperatures, limited manufacturing facilities & lack of high power cell wer cell 

designs.designs.

�� LiLi--ion batteries are starting to enter the telecoms markets in largion batteries are starting to enter the telecoms markets in larger cell er cell 
sizes where weight & space is a criteria but at increased cost. sizes where weight & space is a criteria but at increased cost. Each cell Each cell 
requires electronics to control C/D voltage. Safety will remain requires electronics to control C/D voltage. Safety will remain a key issuea key issue


