
Company Confidential  

Ultracapacitors: overview on 

Technology, performances and 

Applications  

Gianni Sartorelli 

Sr App. Engineer 

Email: gsartorelli@maxwell.com 



Copyright © 2011  by Maxwell Technologies, Inc. Energy&Power, SwissT.meeting, Windisch March 29  

Agenda 

Foundation of success 

Brief technology overview 

Performance 

UCAP in Operation 

Closing 



Copyright © 2011  by Maxwell Technologies, Inc. Energy&Power, SwissT.meeting, Windisch March 29  

Maxwell Technologies Today 

Å MXWL Founded in 1965 

Å CH founded in 1903 

Å 370 Employees 

Å Revenue 100mio$ (2009)  

Å Listed on NASDAQ ï Symbol: MXWL 

Å Locations in San Diego, CA and Rossens, 

Switzerland 
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Maxwellôs Divisions 

High Tension 

Microelectronics 

Ultracapacitors 
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High Tension Capacitors 

R 

Grading Capacitors 

Coupling Capacitors 

Three Product Lines  

 CVDs (capacitive voltage dividers) 
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Microelectronics 

ÁAdvanced memory 

ÁUnique A/D & D/A products 

ÁSingle board computers 

ÁCustom software 

ÁRadiation hardening 

ÁSingle Board Strategy is working  

ÁOpening of international Markets 

ÁSingle Board Computer ï buzz of industry 

ÁSpace qualified boards delivered in ó07 
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BOOSTCAP® Ultracapacitors 

Provide products with highest 

Á performance 

Á efficiency 

Á reliability 

Á and long life 

to optimize use of energy 
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Technology: The film capacitor 
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Ultra capacitor technology: From the plate 

capacitor towards ... 

Dielectric 

Electrode A 
Electric conductivity 

Electrode B 
Electric conductivity 
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Capacitor: 

 

2 electrode separated by a dielectric (plastic film, paper, aluminium oxyde) 

 

Charge are accumulated on the surface of the electrode. So the higher surface the higher capacitance 

How to increase capacitance ? 
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Ultracapacitor technology 
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Helmholtz layers 
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Electrode 
Electric conductivity 

Electrolyte 
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Electrical  

Resistance: 
Collector foil + 

Foil to Carbon+ 

C-particle to 

C-particle 

Ionic Resistance 

Separator + electrolyte 

Helmholtz layers 

The ultracapacitor model commonly applied is that of the series 

combination of two DLCôs at the electrode - solvent compact layer. 
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Ions and Pores Model 



Copyright © 2011  by Maxwell Technologies, Inc. Energy&Power, SwissT.meeting, Windisch March 29  

From Electrode to Cell 

Electrochemical Capacitors (EC) - Symmetric  

EC  Physical energy storage 

Adsorption of ion 

Solvated ions 

Conductivity, s(SOC) 

E = f(electrode surface area) 

Non-Faradaic, no mass transfer 

+ + 
Re                      Ri                       Re 

 

           C(U)                           C(U) 
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Patented, Industry-Leading Technology 
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Ultracapacitor vs. Battery 
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Available 

Performance 

Lead Acid 

Battery 
Ultra capacitor 

Conventional 

Capacitor 

Charge Time  1 to 5 hrs 0.3 to 30 s 10 
-3 

  to 10 
-6 

 s 

Discharge Time 0.3 to 3 hrs 0.3 to 30 s 10 
-3 

  to 10 
-6 

 s 

Energy (Wh/kg) 10 to 100 1 to 10 < 0.1 

Cycle Life 1,000 >500,000 >500,000 

Specific Power (W/kg) <1000 <10,000 <100,000 

Charge/discharge  

efficiency 

0.7 to 0.85 0.85 to 0.98 >0.95 

Technology Position 
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Battery      
 

Pb, NiCd, NiMH   Faradaic, Redox 

Li+é    Faradaic, Intercalation 

 

Pseudocapacitor   Faradaic, Intercalation 

Double layer (ECDL)  Electrostatic 

 

Electrochemical Capacitor  

P
o

te
n

ti
a
l 

Charge / Discharge 

Batteries 

ÅNo absolute limits between batteries & capacitors  

Å Intercalation = mechanical expansion = aging 
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Key Features 

 

Á Excellent power density 

Á Highly efficient energy transfer  

Á High durability and lifetime  

Á 1 Mio cycles 

Á 10 years lifetime 

Á Stable performance over large 

temperature range 

Á Safe (UL, EU norms and standards) 

Á Balancing and monitoring capabilities 

Á Compact, rugged, fully enclosed and 

splash proof design 

Á Cost effective 

 

Technology Energy 

density 

(Wh/kg) 

Energy 

based 

costs 

(ú/Wh) 

Power 

density 

(kW/kg) 

Power 

based 

costs 

(ú/kW) 

Cycle life 

at 80% 

DOD 

# Cycles 

(Wh-

cycles) 

Ultracap 5 12 7 9 >106 

(4x106) 

Pb battery 30 0.1 0.05 65 3*102 

(7x103) 

NiMH 

battery 

44 0.5 0.4 60 4*103 

(1.5x105) 

Li battery 70 0.4 0.5 60 5*103 

(2.8x105) 

 

CP Efficiency 3000F UC (0.1, 0.25, 0.4Pml)
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BCAP650 C% fade during constant current cycling, 2.7V, 

15s rest
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Ultracapacitorsô Performance 

  

Key-note: 

 

Á High durability and lifetime  

Á 1+ Mio cycles  

Á 10+ years lifetime 
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Electrical 

 

 

 

 

 

Mechanical 

Á Temperature 

Á Vibrations, shocks 

Á Pressure 

Á Humidity 

 

Voltage 

Current 

Temperature 

Aging 

Limiting factors 

End of life criteria 

 
Initial Capacitance @ 80% 

 

 and/or 

 

Initial ESR @ 200%  
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Application Model (without BOOSTCAP®) 

Primary Energy 

source 

   
(ICE, FC, Batteries, etc) 

 

Slow Time Constant 

Continuous 

Power 

Usage 

Peak Power 

demand 

Power in 

excess A
p

p
lic

a
tio

n
 

Losses = Heat 

Continous low power  

Peak  power  delivery 

Energy  Capture Limited 
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Application Model (with BOOSTCAP®) 

Primary Energy 

source 

   
(ICE, FC, Batteries, etc) 

 

Slow Time Constant 

Continuous 

Power 

Usage 

Peak Power 

demand 

Power in 

excess A
p

p
lic

a
tio

n
 

Losses = Heat 

Continous low power  

Peak  power  delivery 

Energy  Capture 

High efficiency Dynamic 

Energy Storage 

(BOOSTCAP®)  
Fast Time Constant 

 

Charging as needed                                          
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Battery      
 

Pb, NiCd, NiMH   Faradaic, Redox 

Li+é    Faradaic, Intercalation 

 

Pseudocapacitor   Faradaic, Intercalation 

Double layer (ECDL)  Electrostatic 

 

Electrochemical Capacitor  

P
o

te
n

ti
a
l 

Charge / Discharge 

Batteries 

ÅNo absolute limits between batteries & capacitors  

Å Intercalation = mechanical expansion = aging 

Coupling requires active or passive devices to maximize the energy use from / to 

Ultracapacitors 
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Renewable Energy  

Electronics  Industrial  

Transportation  

Targeted Applications 
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Traction Energy Saving Operation II 

Stationary Energy Storage System 

On Vehicle Energy Storage System 

On Vehicle Energy Storage System 
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Traction Voltage Stabilization Operation 

Principle: 
 

Á Energy storage system is kept at fully charged state 

Á Energy storage system is only discharged when the network voltage 

is pulled below a critical level 

Á Energy storage system is rapidly recharged by braking vehicles or 

slowly through the DC network  

Substation Energy storage 

system 

Optimization of the network voltage level through a 

Stationary energy storage system 
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Trains, Trams & Metros 

Primary energy Braking energy 

90% for traction 

10% for energy demands 

Kinetic energy 

40% of the traction energy 

100% 40% 

Static Energy Storage System 


