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Charging at 50 kilowatts (kW)

Pumping at 10 gallons/minute
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500 kilowatt-hour (kWh)
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Battery
swapping
ground-based Over head
Pantograph on
infrastructure

Wireless
Off-board
Pantograph on

(induction)
roof
Roof mounted

Charging
Opportunity

methods

Wireless

Fast charging
(induction)

Side insertion

On-board
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Onlyend
stop

Charging of
electric

By catenary

logistics/electromobility/ebus- ouf of scope
charging.html

Depot charghing

Opportunity charghing

Electricity supply
(terminal or en-route)

via catenary wires
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HPC System
150, 300 or 450kW

a * Infrastructure: Charging power electronic, mast, contact system

c 1-6 min « Bus: Contact Rails and Communication interface (wireless)

— « Grid connection: different solutions possible (low, medium voltag

= 1520 > 1-15h

2 + Preferred applications: high density city traffic .‘g

~ - >

c o s

o Qo B

s Charging via Pantograph to catenary b4 ®

% 6-10min 60 or 120kW = o

o « Infrastructure: 2-pole DC connection kel 2

E

c (750V DC e.g. from Tram)) 10-15 @ 1-15h £

2 « Bus: DCDC inverter, pantograph 8 ;,’

© 8 c

Py + Preferred applications: medium density city traffic, o a.,

E operation with low numbers of buses (e.g. Island traffic) g’ E

= 2to6hours ; : . @ £
Overnight Charging (Plug-in) © ©
+ System: DC Charging (CCS) - 30 up to 120kW . . | | 1t05 5 2to5h

+ Preferred applications: Airport buses, Shuttle service,
buses for peak operation, Test trials

50 km 100 km 150 km 200 km 250 kOm 300 km 350 km

. ) Daily Mileage [km]
HPC: High Power charging
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Slow Opportunity

srbes e

Q Electric range: 2155 miles(=2250km)
per charge

Q Battery Type: Lithium lron-Phosphate
battery

Q Battery Capacity: 324 kWh

Q Charging Power & Time-80 kW (40
kWx2, 480 V, 3c, AC) 4 h; 200 kW
(100 kWx2, 480 V, 3c, AC) 2-3h
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Q Electric range: up to 30 - 40 miles (48-64

km) per charge )_.,05 i
Q Battery Type: Lithium Titanate (LTO) fast- T ia i
charge RN 3o gloj
) (G © &

Q Battery Capacity: 74kWh
Q Charging: Overhead 500kW (0 to 95%
SOC in 6 minutes)
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Slow Opportunity
Main differences between opportunity and depot charging Source: McKinsey Energy Insights
Strategy Depot Opportunity
Overnight only Overnight and mid-day recharging
Charger Depot: 30 up to 150 kKW (for buses with high Depot: 30-50 kW
type range)
Opportunity: 150/300/450/600 kKW (e.g. at
end-stop or terminal)
Charging 2 Mostly plug-in ¥ Mostly pantograph

technology

Load
profile
(illustrative)

Typical
range

Cost
drivers

100%

75%

50%

25%

0%

% Plug-in (less common)
% Induction (less common)

100%
75%
50%

25%

0%

Morning  Afternoon

100-250 km/day

1 Higher battery cost

Evening Night Morning  Afternoon Evening Night

200-500 km/day

1 Lower battery cost

2 Lower charging infrastructure cost, unless 2 Higher charging infrastructure cost
an expensive depot charger of 100+ kKW 3 Slightly higher maintenance cost
is required to fully recharge during night
(instead of cheaper 30-50 KW)
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Qingdao battery swap station, China
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