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e Supercapacitorsas new energy storage components
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— Supercapacitor s used as complementary ener gy storage devices
— Supercapacitorsas main energy storage devices
* Powering abuswith supercapacitors
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— Constraintson a power supply
o Sequential distribution with double storage: “ le biberonnage”
— Minimising the constraints on a power supply
— Constraintson a power supply
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e Generalities:

Super capacitorsare eectrochemical double layer capacitors:
e high energy storage density (but 10 timeslower than batteries)
200F -- 2400F  (compared to the classical 10000nt)

* High instantaneous power (higher than batteries)

The main parameters of supercapacitorsare .
e capacitance (200F ® 2400F)
e seriesresistor (limitation loading/unloading current)

« Maximum voltage: 2.5V
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Super capacitor s as new ener gy stor age components

e Generalities:

* Fundamental relationship :

| =C du,
at
 Energy storage:
e, :ECUC2
2

Themain properties of supercapacitorsare
» the amount of the stored energy isbound to the square of itsvoltage
 afast loading or unloading process needs a high current

 theloading and the unloading can be done with a high instantaneous
power
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Super capacitor s as new ener gy stor age components

e Supercapacitors used as a complementary ener gy storage devices

|dea : to use super capacitors each time an energy source isnot ableto
give the instantaneous power needed by aload :

e batteries + supercapacitors

o fuel cells + supercapacitors
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e Supercapacitorsused as main energy storage devices
— First applications (small size super capacitors)
* |C memories
e microcomputer
— Largesize supercapacitors
* hand tools
telecommunications
medicinal domain (defibrillator, ...)
« UPS
Starting of engines

Electric vehicle
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Powering a buswith supercapacitors

e Supercapacitors used asmain energy source
— Aresupercapacitorsableto store enough energy for a powering a bus ?
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From “Bellerive’ to “ St Frangois’
5km / 120m 19900 Scaps (1800F) / 7.46me [ 7.96T
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. DEPART
e Supercapacitorsused as
main ener gy source
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— Supercapacitorsarenot able
to store enough energy for a
completerun

— Someintermediary re-
loading stages have to be
defined




Dr. P. Barrade B_’_I::_.

" 2 BRI ECOLE FOLY TECHNIQUE
Laboratoire d'électronigue ALE DE LAUSANNE

ndustrielle

Powering a buswith supercapacitors

e Supercapacitors used as main energy source::

— 7loading stations

— 4160 super capacitors 5 'f
1800F/2.5V | 10— = loading current |

== pus current
o 26x160 series
connected

 total energy : 23.4MJ
(6.5kWh)

* Operational energy :
17MJ (4.75kWh)

 Timefor loading:
20s

e Current for loading :
2.6kA

e 1.6m3 / 17T

454
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A

Scaps Voltages (V)
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Powering a buswith supercapacitors

e Constraintson the power supply network :

— The power absorbed by
the busisthe mirror of T | I e Bl i
I == SUpErcaps power
the power pr OV_I ded by ] - —-Sugpiy nihfnrk power
the super capacitors |

— Theloading of the
super capacitors needsto
absorb high magnitude
power on the network :

e IMW X 7 timesx 20s
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Sequential distribution with double storage (le biberonnage)

DEPART

* Minimising constraints
on the power supply :

— when loading the main
super capacitors, the
energy istaken on fix
super capacitors %H% A H=EH |< EAEN A |<

Supercondensateurs
intermédiaires

— to preparethe coming
of the next bus, thefix
super capacitors haveto
bere-loaded :

e 10mn instead of +$“%_ A H=H }< e L L |< - >5upac§n%ﬁm
* the power absorbed ST R

on the network is
low ARRIVEE
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Seguential distribution with double stor age ( e biberonnage)

e Constraintson a power supply :

— The power provided by
the network isthe sum of
the |OW pOWGf abSOr bed = BUs power

. . == Supercaps Power
by each loading station || | = SUpply Network power

— The power provided by
the network isthereal
mean power needed by
the bus

— The power provided by
the network islessthan
100kW
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Seguential distribution with double storage (J|Ié biber onnage)

* Fast energy exchange:

Intermediary On-board .
Supercapacitors i Supercapacitors

— Double stage power converter to limit the variations of the current
provided/absorbed by the supercapacitors

— Main design criteria:
* theinstantaneous power provided by the fix supercapacitors must
correspond to the power absorbed by the on-board super capacitors

« The maximum exchange power isfixed by the stack which isableto
provide/absor b the lowest power
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Fast energy exchange:
— Various energy transfer processes : Constant current for the on-board Scaps
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Seguential distribution with double stor age ( e biberonnage)

Fast energy exchange:
— Variousenergy transfer processes : Constant current for the fix Scaps

Voltages (V)
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Seguential distribution with double stor age ( e biberonnage)

Fast energy exchange:

— Variousenergy transfer processes : hybrid solution
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Sequential distribution with double storage (le biberonnage)

* Fast energy exchange:
— Experimental validation
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Conclusion

* Supercapacitors are components for energy storage

 Becausethey are ableto provide/absorb high instantaneous
power, they are considered as power sources:
— Used asmain power source

— Used as energy buffer, to limit power constraintson an energy source
(batteries, fuel cells, power network, ...)

« Main difficultiesfor high power applications
— Number of supercapacitors (price...)
— Efficiency (low voltages, high currents...)

— Connections (from the fix super capacitorsto the on-board supercapacitors)
— Pollution from EMC effects...



