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3 Years Project: Ricerca di Sistema Elettrico (RSE)

Public transport case study

* “Flash charging” stations, different possible
configurations

* Preliminar Technical-economical evaluation

* Reduced scale prototype sperimentation

* Real scale prototype (in progress)
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The supercapacitors bus
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9 It is a new form of electric bus powered via energy stored
' in large onboard super-capacitors. A connector in the
roof connects to the stationary electrical installation
when the bus stops to let the passenger on to the bus.

» Electric Bus Technology

— Super / Outer Capacitors
(Energy Storage device)

— Collector (fitted on the top)

* Super capacitors can be charged
much faster than batteries, but

hold less energy (at the current
time).

Capabus (Aowei Technology Development Company & Sinautec, Shanghai)




Agenzia nazionale per le nuove tecnologie, I'energia
e lo sviluppo economico sostenibile

The «electrified» mission
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AUTOBUS ELETTRICO
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Mission specifications

Characteristic

Item Value Unit
Length 10 km
Bus stops 30
. 0.33
Average distance between bus stops km
Consumption 0.8 Wh/km
Auxiliaries 0.04 kWh/km
10

Charging station number

Average distance between charging stations 1 km
Time for every bus stop 15 17
Time for connection/disconnection of the charging device 2 1

Maximum charging power 300 kW
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Configurations tested during the simulations (1)

All the power supplied from grid, as reference case. To charge it is not possible to use
as bi-directional AC/DC converter the traction inverter because the charging power

(300 kW) much greater than the motor power (24 kW). Therefore the charging station
is composed by a full power AC/DC.




Agenzia nazionale per le nuove tecnologie, I'energia
e lo sviluppo economico sostenibile

¥l b i/ m

Configurations tested during the simulations (2)

Grid = N @M
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The energy is supplied from the grid to a
continuous current bus, and charge is
assisted by supercapacitors in parallel,
without a dedicated converter. A DC/DC
converter controls the charge.

Energy supplied from the grid, assisted by
supercapacitors, parallel connected to the
c.c. bus, and by a battery, with its DC/DC
converter. Finally a DC/DC converter
controls the charge.
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Configurations tested during the simulations (3)

Grid H[ l H'\q M
| [ 5
Batt

The same as case B, without the final
DC/DC converter. The charge is made by
voltage difference between Station (with
SC full charged) and vehicle (UC, partially
charged). The grid, with its AC/DC
converter is used only to recharge the
supercapacitors, when the bus is running.

The same as case C, but ultracapacitors
too have a DC/DC converter.
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Case E “improved”

Grid
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To limit the maximum current during the first part of the charge (in the first
second, when there is the maximum voltage difference and, as a consequence, a
very high current), it needs to add an inductance.
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Model results
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Case | Case | Case | Case Case

Units A B C D E

Max grid power, kW | 375 | 21 10 10 21

Time between 2 consecutive charging 47 15 220 133 126 261

phases

UC size (stationary) kwh| O 1 1 1 1.64
UC size (on-board) kWh 1 1 1 1 1.43

Battery size kWh 0 0 4.1 4.1 0

Battery max Depth-of-Discharge (DOD) 0 0 0.19 0.18 0
Energy to the Vehicle kWh | 0.77 0.77 0.77 0.77 0.79
Efficiency % 0.8 0.59 0.57 0.67 0.56

Max. SC DeltaT c 0 5.5 5.5 5.5 19
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Maximum OPerating VOILAEE. ...cccuee ettt et e etre e e ens 1,000 VDC
Continuous charging CUrrent ........ocoiieiiieieiiee e 150 A -6 h continuous current
Fast Charging CUMENT ... ittt up to 500 A - 15 min
Pulse Charging CUrrent ......ooci et et e up to 1,000 A—-30 s*
Supply voltage of the el. lowering device ..., 24V DC+30%/- 15 %
Max. operating current of the el. lowering deVice .........cccoooiiiiiiiiiiiii e 13A
Max. duty cycles of the el. lowering device ......oouveeiieieereeie e 25% at 25 °C
Service life of lifting/loOWEriNg SYSTEM .oeiiiiiciieeee et 100,000 cycles
Contact force (adjustable, = Section7.1, PagedS5) ...cccouiiiiiiiiieiiiieeiiie e 250N +10%
LTS =40 o0 =SSR 3s
(Mo X =T T o= [ o L= T OO PRSP P PPTRPRPPRPUPRPN 45s
WOrKiNg tEMPETATUIE . .eeiiiiiie ettt ettt e e et e e e e e enes -30°C++65°C

P\
VA,
////ff‘/’ = e ———
2SI
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Results discussion

»Case A

»Case B

»Case C

»Case D

»Case E

The requested power if very large. In the worst event (4 busses
simultaneously in charge), the power is even larger, up to 1.5 MW

The power from grid decreases to 21 kW per station, almost all
the power is supplied by the UC

The power from grid can be decreased to 10 kW, the time needed
to recharge stationary UC decreases to 133"

The most complex and complete configuration with the highest
efficiency, all the converters work at costant input voltage

This is the cheapest among the charging stations but that
one with the highest power and current values
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Results — 2

Case A Charge Station 300 kW €/station 100.000
of which Variable costs €/kWw 100
of which Fixed costs €/station 70.000
Total hardware cost €/station 91.000
of which charge system €/kw 270
Installation cost €/station 9.000
Connection in MV €/ station 24.000
N. of Connections n. 2
CaseB,C, E Second life batteries €/kWh 50
Supercapacitors €/kWh 15.000
Charger ACDC €/kw 180
Converter DCDC €/kw 90
Installation % 10%
Induction coils €/station 6.000
Connection in LV €/ station 2.000 - 2.700

N. of Connections n. 10
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Economical aspects
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Step 2: reduced scale prototype

Reduced scale prototype.

Charging station without converter

Tested with an inductance of 4 mH or 8 mH.
3 steps of charge
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Step 2: reduced scale prototype

~
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Sistema in scala di un sistema di : il 1 & 8
ricarica «flash alla fermata per o g g <} 973
autobus )
Ricarica per travaso da
supercondensatori carichi (della
stazione di ricarica) a scarichi (del
bus)

Assenza di componenti elettronici
(inverter)

Inductance: 8 mH and 4 mH
Maxwell modules 250 F 16V

2 steps of charge:

6 modules 2s2p +1s+1s
3 module in series «onboard»
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Reduced scale prototype

Inductance: 8 mH

Corrente totale di linea

350 T T I

Calcolata
Misurata

250 —

200 — —

Corrente [A]
g
I

100

50 —




s

Agenzia nazionale per le nuove tecnologie, I'energia . . Em
e lo sviluppo economico sostenibile iy "] WD

Reduced scale prototype

Inductance 4 mH

Corrente totale di linea
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Real scale prototype: in progress
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Real scale calculations: Current

Ricaricain 29.15 s
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Real scale calculations: Voltage

Ricaricain 19.15 s
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Step 3: real scale prototype in progress
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Conclusions

» Flash charge technology can be a convenient and efficient technology for
public transport

» A simplified scheme, without converter for charge transfer had been
developed

» Such scheme has been tested in a reduced scale

» and designed for a real scale experimentation on a little electric bus
equipped with an hybrid storage system (battery + Supercapacitors)
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Thank you very much!

Fernando Ortenzi

fernando.ortenzi@enea.it




