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Ultracapacitors

High Tension

Microelectronics
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Three Product Lines

Grading Capacitors

Coupling Capacitors

CVDs (capacitive voltage dividers)
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/ Microelectronics

A Advanced memory
A Unique A/D & D/A products A Single Board Strategy is working

A Single board computers A Opening of international Markets

A Custom software A Single Board Computer i buzz of industry

A Radiation hardening ASpace qualified boar«
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,:j::. BOOSTCAP® Ultracapacitors ‘*_ﬂ"m*‘n@

Provide products with highest
Aperformance
Aefficiency
Areliability
Aand long life
to optimize use of energy

i ‘
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=~ Brief technology overview
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Dielectric
(Insulator]
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Ultra capacitor technology: From the plate

capacitor towards ...

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

— A\ | | AN —

C-= €S
Electrode A Electrode B d
Electric conductivity Electric conductivity

How to increase capacitance ?
Dielectric
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- Ultracapacitor technology

= The ultracapacitor model commonly applied is that of the series
combination of two -Bavernicmpadtlayerhe el

lonic Resistance
—/\/\ﬁ=|

+ Separator + electrolyte
Electrical / '

v — |;\/=\ﬁ
Resistance:

Collector foil +

Helmholtz Iayer! Helmholtz layers l
Foil to Carbon+ ¢

Separator
C-particle to

D, @
C-particle

Electrode Electrolyte Electrode
Electric conductivity lonic conductivity Electric conductivity
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.,:? lons and Pores Model

+ Pore sizes must be controlled to Electrode for EDLC
provide access for both ion
species.

Adsorped ions
( amons, cations )

Solvents
Meso pores (2~ 50nm )
Micro pores
( .f-: 2 nm )

Inset from: Prof. Katsuhiko Naoi, Institute of Symbiotic Science and ™ / N RN
Technology, Tokyo University of Agriculture and Technology, &

Recent Advances in Capaciors and Hybrid Power Sources in Japan, 3 a6l
presented to DOE Basic Energy Soences Wkshp, 3-4 March 2007 e e BT
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EC Physical energy storage
Adsorption of ion

Solvated ions

Conductivity, s(SOC)

E = f(electrode surface area)
Non-Faradaic, no mass transfer

Re

A=
C(U)
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=~ Performance
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;?' Technology Position

Charge Time 1to 5 hrs 0.3t0 30 s 10° t0 10° s
Discharge Time 0.3to 3 hrs 0.3to 30 s 10° t0 10° s
Energy (Wh/kg) 10 to 100 1to 10 <0.1
Cycle Life 1,000 >500,000 >500,000
Specific Power (W/kQ) <1000 <10,000 <100,000
Charge/discharge 0.7 to 0.85 0.851t0 0.98 >0.95
efficiency
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Battery

Pb, NiCd, NiIMH Faradaic, Redox
Lité Faradaic, Intercalation
Pseudocapacitor Faradaic, Intercalation

Double layer (ECDL) Electrostatic

Electrochemical Capacitor N Batteries

A

Potential

CQp
%es;
O’:S

v

Charge / Discharge
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Key Features

AExcellent power density
AHighly efficient energy transfer
AHigh durability and lifetime

A1 Mio cycles

A10 years lifetime

AStable performance over large

change in Capacitance and ESR [%)]
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temperature range
ASafe (UL, EU norms and standard
ABalancing and monitoring capabili

ACompact, rugged, fully enclosed &
splash proof design

ACost effective
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BCAP650 C% fade during constant current cycling, 2.7V,
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Key-note:

High durability and lifetime
1+ Mio cycles
10+ years lifetime
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Limiting factors

Electrical
Voltage
Temperature
Aging
Mechanical
A Temperature
A Vibrations, shocks Current End of life criteria
A Pressure . .
o Initial Capacitance @ 80%
A Humidity

and/or

Initial ESR @ 200%
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= UCAP in Operation

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




{
< —— 01

Limited Energy Capture

Primary Energy
source -

Peak power delivery

(ICE, FC, Batteries, etc)

Slow Time Constant .
Continous low power
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,_:? Application Model (with BOOSTCAP®)

?L
Dynamic <H/gh efficiency D H

Energy Storage Energy Capture
(BOOSTCAP®)

Fast Time Constant
|:| D | Peak power delivery

Charging as needed

Primary Energy
source

|:| D Continous low power

(ICE, FC, Batteries, etc)

Slow Time Constant
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Batteries
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Potential

v

Charge / Discharge

Coupling requires active or passive devices to maximize the energy use from / to
Ultracapacitors
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Targeted Applications
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Optimization of the network voltage level through a
Stationary energy storage system

Principle:

A Energy storage system is kept at fully charged state
A Energy storage system is only discharged when the network voltage
is pulled below a critical level

A Energy storage system is rapidly recharged by braking vehicles or
slowly through the DC network

@ Substation Energy storage
74 system

Aimmf Ay el Gy el Ky i)

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




- Trains, Trams & Metros

Static Energy Storage System

Primary energy Braking energy

90% for traction Kinetic energy
10% for energy demands 40% of the traction energy

40%
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