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AGENDA

Motivation
Market announcements
Electric truck and charging policies

Truck charging infrastructure for Europe

Outlook and Conclusion
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Europe needs to its reduce transport emissions dramatically

B Total transport GHG emissions in :
Europe around 0.9 Gt/a >
B ca. 72% from road transport § 0.8 \‘
B one third of road transport GHG ~ © "\\
emissions from heavy-duty S 06 \\\\
vehicles (> 3.5t GVW) 2 \‘\\
.. : . i= N\
B Emission reduction required 5 04 \\\
(compared to 1990): 5 \\\
o \
— 359% until 2030 § . Historical \\ \\
- = em == | 5° no oOvershoot
~100 % until 2045 / 2050 = e “ \\
: \
EU target: -90% until 2050 0 A Y. T
1990 2000 2010 2020 2030 2040 2050

Plotz, P,; Wachsmuth, J.; Gnann, T.; Neuner, F,; Speth, D.; Link, S. (2021): Net-zero-carbon transport in Europe until 2050 — Targets, technologies and policies for a long-term EU strategy. Karlsruhe: Fraunhofer ISI
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Heavy duty trucks make up only 5% of truck stock but 50% of

truck CO, emissions

Commercial trucks in Germany

- 100%

B Heavy trucks have high annual mileage and m> 26 tons
high energy consumption m12-26 tons e
] ] m7/.5-121tons - 80%
B For long-term CO,-neutrality in the transport w3575 tons L 209
sector, we need solutions for the heavy truck  m<3.s tons | 600
transport (today Diesel only) .
B Possible solutions: - 40%
- 30%
Battery trucks
- 20%
“  Electric road systems - 10%
N Hydrogen Fuel cell trucks vehicle stock billion vehicle MtCO2/a WtW | 0%
(1000 veh.) kmv/a CO?2 emissions

“ Power to gas, e.g. renewable LNG > 26 tons 183 19.4 19.7

m12 - 26 tons 161 11.9 9.3

m7.5-12 tons 77 5.1 3.0

m3.5-7.51tons 262 7.1 3.0

| <3.5 tons 2,000 26.0 6.3

=
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Annual percentage sales requirements

Main driver for commercial electrification of trucks:

CO, reduction policies worldwide

75%
Class 2b-3 pickup trucks and vans 70% O
Class 4-8 rigid (i.e., non-tractor) trucks - o
Class 7-8 tractor trucks O
60% .-
ss% .0 55%
50% O s50% .0
o as% .0
40%." O
) w .......... ('« Y [0 TR o
I 40% 40% 40% 40%
30%. .90
o 00 35%
- 30y,
20%." ,,;:.°°
o .00 25%
oo 1% 13°/om 20%
Y « S 159
o O OO
OO”'“'“'OO 10%
7%
5%
2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
Model year

https://theicct.org/publications/california-hdv-ev-update-jul2020

Tail-pipe CO, reduction by heavy-duty
vehicle emission standards (%)

Year
2000 2005 2010 2015 2020 2025 2030
0 \ | | \ |
India
—10 —
““““ Lowest
—20 — US and
Canada
S . Chi Med
~.China edian g
US and v
Canada
-40 —
Axsen, J., Plstz, P., & Wolinetz, M. Highest US
(2020): Crafting strong, integrated and Canada

_50 |

policy mixes for deep CO, mitigation

in road transport. Nature Climate
Change.
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https://www.nature.com/articles/s41558-020-0877-y

Manufacturers will sell electric trucks to meet EU targets

B Manufacturers can increase efficiency of
new diesel trucks and introduce low
emission vehicles

B Depending on choice of Diesel efficiency
strategy, at least 4 — 22 % zero emission
trucks sales are required in 2030

B These are minimal values, real values
likely to be higher

Breed, Speth, & Pl6tz (2021). CO2 fleet regulation and the future market diffusion of zero-emission trucks in Europe. Energy Policy, 159, 112640. https://doi.org/10.1016/j.enpol.2021.112640

22.0%

s - [CEV-Focused
20% ) o
Low-Hanging Fruits

— 7 EV-Focused

13.7%

n

10%

4.1%

0%

2022 2023 2024 2025 2026 2027 2028 2029 2030

Sales share of Zero-Emission Vehicles
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https://doi.org/10.1016/j.enpol.2021.112640

Manufacturers have announced 20 —- 60 % zero emission truck

sales in 2030 and 100 % zero emission sales in 2040

M ZEV sales targets for
OEM in Europe:

2025: ~7 %
2030: ~43 %

B ACEA announcement
of 100% zero emission
sales in 2040 (possibly
including liquid
renewable fuels)

Transport & Environment (2021). Easy Ride: why the EU truck CO2 targets are unfit for the 2020s. https://www.transportenvironment.org/wp-content/uploads/2021/10/202108 truck CO2 report final.pdf

ZEV sales shares announced (%)

2025

100% 100%
90% 90%
80% 80%
70% 70%
60% 60%
50% 50%
40% 40%
30% o 30%
J
20% 'y N 20%
26 e
10% @ - 10%
]
0 7% 0
\‘:“0 e,(p 'S“L 'é*\‘b \lg}
“\° N N & &
F < «{3‘\
e

43%
0 & &
N @"’&
Q N
&
o¥
—

~ Fraunhofer

ISI


https://www.transportenvironment.org/wp-content/uploads/2021/10/202108_truck_CO2_report_final.pdf

Manufacturers have announced many battery electric trucks

— 1
-g ! Region
“E)% 2022 ® i :(E:hina
EL " urope
E? £ 2020 ° .0:.'.' L LIS Rest of the world
> ! United States
- 1
i Fuel t
§ 2022 | ue yp'e
= ! @ Electric
g R EiFisdcel Heavy-duty trucks
o 904 i Average range
“é . '.. o 3 ... ®
5 2020 XL P A O A
3 R X T 5
= o 0 - oo
: 12t . H ~250 kWh
I
‘2‘3; 2023 oo | o0
= I
E 2022 o0 ! °
i) |
[0) ® ! . * . .
&= 2021 | o . . s |
: ° ; 18t 1 - . ; ~300 kWh
= %000 | @
£ 2020 ®e 0"0:..'.'.'0“ e oge © o
: !
2023 i
2021 i 26t ' —1 . 4{ ' ¢ ~320 kWh
(2] |
3 [ ] |
@ .ooo.o.o.o..o.o °
2020 o 0050000008 eese % Js o ®
0t S e eees XL e
SN T (XXX LS | . : : ~ ~450 kWh |
T 40 t I . ’ . c c |
E 2021 :
_ @ |
O 2020 g 08 040 o ° ° 200 400 600 800
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 ba‘t‘tery Ca paCIty in kWh
Range (km)

Source. Global EV Outlook 2021 (IEA) and Link, Plotz, Moll, & Griener (2021): Machbarkeit Emissionsfreier Lieferverkehr. Karlsruhe: Fraunhofer ISI
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Truck charging: where and how?

B Most important is depot charging as
many trucks are in regional operation
return to depot

M Battery trucks cheaper in TCO by 2025 D -
B charging in long-haul operation
slow: over-night (50 — 100 kW)

mega-watt charging: during 45 min
break after 4.5 h of driving

- 400 km / 600 kWh in 45 min
imply about 800 kW

comprehensive fast charging
network enables long-haul battery
electric trucks

Technical standards for truck
charging:

B Combined Charging System
(CCS) allows 350 kW charging
- sufficient for over-night
charging and fast charging in 1.5 h

Mega-watt Charging System
(MCS) standard is under
development and should be
finalized approx. 2023

Start public locations with CCS and
expand to MCS when ready
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Construction of the first four public MCS chargers underway
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EU proposal for public truck charging: e

Turku Naantah et Hamina Kotka

> 15,000 public chargers incl. MCS " ewn \n«
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Potential future European public mega charger network

° 12
800 locations & 2.4
1,700 chargers ® 26

#charging points per location ’ | #charging points per location

L]
. L]
1,700 locations ®
4,000 chargers O

BEV stock share Avg. CP /station BEV stock share Avg. CP / station

100 km 5% 2,6 50 km 15 % 2,9

Sauter, Speth, Plotz, & Signer (2021): A charging infrastructure network for battery electric trucks in Europe, Fraunhofer ISI Working Papers Sustainability and Innovation No. S 02/2021, Karlsruhe 2021
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https://www.isi.fraunhofer.de/content/dam/isi/dokumente/sustainability-innovation/2021/Charging%20infrastructure%20in%20Europe.pdf
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https://www.acea.auto/figure/interactive-map-electric-trucks-long-haul-stop-locations-fit-for-charging-point-deployment-in-europe/
https://www.acea.auto/figure/interactive-map-electric-trucks-long-haul-stop-locations-fit-for-charging-point-deployment-in-europe/
https://www.acea.auto/figure/interactive-map-electric-trucks-long-haul-stop-locations-fit-for-charging-point-deployment-in-europe/
https://www.acea.auto/figure/interactive-map-electric-trucks-regional-stop-locations-fit-for-charging-point-deployment-in-europe/

Limited range requires re-charging during stops.
Most important: depot charging followed by public charging

B Most stops are probably at home depot of 10077

truck - depot charging most important

long-haul operation

@
-
(@)
.C
: : : © 2504 Frequency
M But trucks in especially in long-haul E 400
operation need public charging o 200
o o/
B Analysis of 0.75 million truck stops from £ oo 200
400,000 trucks: s 00
n o/,
about 2/3 of public stops < 3 hours 5 2%
@
about 1/3 of public stops > 8 hours g
0% A
0% 25% 50% 75% 100%
share of stops with up to 3 hours
Duration: >-1 h 1-3 h 3-8 h 8-23h 23-44h >44h <3 h 3-8 h >8 h
Long-haul 35% 24% 6% 31% 2% 2% 59% 6% 35%
Regional 44% 23% 6% 24% 1% 3% 67% 6% 27%

Pl6tz, P. and Speth, D. (2021): Truck Stop Locations in Europe — Final Report. Karlsruhe: Fraunhofer ISI. Study available online: https://www.acea.auto/press-release/electric g

trucks:-new-study-pinpoints-precise-locations-for-charging-infrastructure-across-eu/
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What about fuel cell trucks and electric road systems?

M Battery trucks can cover urban,
regional and (with MCS) long-haul,
2"d and 34 generation battery trucks
will have ranges to cover >80 % of
trips

heavy

construction heavy long-haul
transport

urban
construction

m Fuel cell trucks more expensive
than battery trucks in purchase and
operation - niche for fast refueling
irrespective of costs

garbage
4

long-haul

regional logistics
logistics

urban

delivery

vehicle weight and load

B Extremely demanding cases with
renewable and bio fuels

B Fuel cell niche too small for scale p——
effects and infrastructure invest? 50,000 km 100,000 km

™ No future for fuel cell trucks? annual mileage
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Summary and Conclusion

The future of trucks is electric with ubiquitous charging

The future of trucks and charging

B Fast electrification of trucks to come (~ 20%
sales in 2030)

B Most important charging powers
50 — 100 kW at depot (everywhere)

100 — 800 kW in public with CCS and MCS
(about 1,000 locations in Europe)

M First use case: urban & regional logistics

B |ong-haul needs MCS network with mega
chargers every 50 km along highways

Discussion and outlook

Grid expansion will be important for high
power charging - could be bottleneck for
fast roll out

Future role of hydrogen in trucking uncertain

Share of public vs. depot charging unclear
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Thank you!
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Dr. Patrick Plotz

Head of Business Unit Energy Economy
Competence Center Energy Technology and Energy Systems
Fraunhofer Institute for Systems and Innovation Research ISI

patrick.ploetz@isi.fraunhofer.de

¥ @PatrickPlotz
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