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CO, emission targets for heavy-duty
vehicles

= Emission reduction in new 0
registrations compared with _
2019/2020 s 20 \
= Increased scope o !
- Present: about 40% of vehicles exempted = L= =\
- Proposed: about 10-20% of vehicles 2 e Present \
exempted % — — Proposed v\ - - -
= Zero-emission technologies g -80 \
- Battery electric R &
* Fuel cell & hydrogen 100
* Hydrogen ICE 2019 2024 2029 2034 2039 2044

Question on electrofuels Year



Zero-Emission Trucks: Trends & Barriers m

Electric Trucks

Low Emission Zones (LEZs)
Regulation of air quality in
urban areas by the levying of
a fee on vehicles causing
pollution

Fuel Price Volatility
Driving fleet owners
toward alternate
powertrains

Energy Security
Reducing energy import
through the adoption of

renewable energy

Infrastructure Barriers
The least pressure on the
existing energy
infrastructure

Top Transformational Shifts Shaping the Future of Importance of Key Barriers to the Transition to Zero-
Emission Freight Vehicles
1 - mildly challenging 2 B3 M4 M5 - extremely challenging
Infrastructure availability ]
Vehicle availability -
i Range -
nergy Storage Research | [Z8SEY TR i S =
Cnebateinogl | | Lo mosgren pwelltime
BEYHICCIENS mandatory TCO . |
Initial capital investment - e
Adaptation efforts I
Payload B |
Share of respondents
G;Oblal Surplyc‘hain d Government Support
e e Senes o nen ikl There is little publicly accessible electric charging and hydrogen
il hybrid electric R&D refueling infrastructure dedicated to heavy-duty vehicles in Europe,
which is perceived by ECTA (European Clean Trucking Alliance)
members as the most important barrier hindering the transition to
zero-emission trucking

SOURCES: Frost & Sullivan (Dec 2021): European Medium-duty and Heavy-duty
Electric Trucks Growth Opportunities ; ICCT (Sep 2022): Road freight decarbonization
in Europe - readiness of the European fleets for zero-emission trucking



https://member.frost.com/login?reportID=PC25-01-00-00-00
https://member.frost.com/login?reportID=PC25-01-00-00-00
https://theicct.org/publication/road-freight-decarbonization-europe-sep22/
https://theicct.org/publication/road-freight-decarbonization-europe-sep22/

Forecast manufacturer data sales figures in
Europe for heavy-duty vehicles (> 12 t)

-

Three key drivers towards 350

i ) 3.5 51 1.7 18.9 35.9
reaching toal cost parity oo 03 1o e Iso.s 83.5 119.5 156.9 190.6
= Early incentives for o Miss  [Is20 279.9

vehicles and infrastructure
(can also be e.g. CO2 | P 2162
dependent road tolls) EE 10 1761
29 130.6
= Regulatory framework e.9. x 2 100
CO2 limits for Es o
manufacturers
= Energy costs: electricity 2023 2024 2025 2026 2027 2028 2029 2030
and hydrogen vs diesel _I
Source: Market development of climate-friendly Bl H, fuel cell

technologies in heavy-duty road freight transport in Bl Battery
Germany and Europe, NOW GmbH, May 2023 Diesel



Anticipated development of the charging
capacity of battery trucks (> 12 t) by GVW

= Suitable alternative fuel
infrastructures is
imperative for ZE-HDV

= AFIR regulation will
require deployment of both
charging and H, refilling

® Both charger capacity and
battery charge acceptance
will be increasing

= Megawatt charging is a
key requirement for battery
electric trucks

=

2023

2025

2027

2030

12-16t

16-26t
=26t

200 400 600 800 1,000 1200 1400 1,600

Charging capacity (in kW) I

Source: Market development of climate-friendly
technologies in heavy-duty road freight transport in
Germany and Europe, NOW GmbH, May 2023



Anticipated development of the range of
battery and fuel cell trucks

" Fuel cell trucks are currently

behind battery electric trucks 202z I I = 53?53313%)2&)
in market development :
= Availability and price of 2025 o S E S
green hydrogen for
I [N N N S S
transportation not yet solved 2027 ——————————
= Hydrogen refilling
infrastructure only in 2030 - T
p I annin g 200 400 600 800 1000 1,200
® Increase in battery size and Range (in km) _I
range in electric trucks
expected

Source: Market development of climate-friendly
technologies in heavy-duty road freight transport in
Germany and Europe, NOW GmbH, May 2023



Jointly-tundecd projects on electriication ... m

| 2023-2029 | AoF
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Hydrogen for society

H;

Production

HE EEN =
FEn FEN EE=

H2
Transport
and handling

Energy system

Industry

H2
Use and
conversion

Electrolyser and fuel cell systems
development, design, manufacturing

and operation

Hydrogen quality, storage
regulations and safety

Hydrogen and power Hydrogen fuelling
to x systems stations, working machines

and heavy duty vehicles



Piloting and demonstration activities of transport
applications related to H,

'

RH;IWER /[
1o . : M ACCELERATIN
& [ 1 L
The FLAGSHIPS project will raise the readiness of zero-emission ,’ ~~~~~~~~~~~
waterborne transport to an entirely new level by deploying two . 3 S I H E l | P I A K E O F G R
commercially operated hydrogen fuel cell vessels. % A - : - -

| TRUCKING

Coordenation, research and dissemenation part ners
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The project is supported by the Clean Hydrogen Joint Undertaking and its members Hydrogen Europe and Hydrogen Europe Research. Views

ouv —
and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or Clean Hydrogen \ / oMv OavcsT IV ECO vorvo

PPe— TRUCK
Joint Undertaking. Neither the European Union nor the granting authority can be held responsible for them. —

SHIP-AH20Y project: 1 MW SOFC using ESCALATE zero emission trucks for regional and  sJ£SCALATE ll @ Dg =n Dy H\] D v__&' -a-B‘

long haul . M— — o=
= - - 0 =
LOHC on board wind-farm service vessel 5% —"
5 PILOTS SAESCALATE — ——
e e = = d @ ; Hidiogen Taile Hydrogen Fuel cell
E 2 == 2 production via Warsoort 1o refueliing prnees
Goal: Develop and demonstrate a : E " electrolysis stations stations

scalable, safe and sustainable
technology for power and heat
generation on board ships

=HyYyCoRA
Technology: Hydrogen Contaminant Risk Assessment
. Solid oxide fuel cells (SOFC)

. Liquid organic hydrogen carrier

(LOHC)
BMC =L=cTeRA  FoV S 5RREy (A) FORDOTOSAN
® . Efficient heat integration ?( a sl SURREY 1) [ |
N A4 == TOBITAK

A 1 MW power LOHC/SOFC unit pa— i = & /

will be installed on an offshore wind i < Mok 2o

— i vauer auromave
Sel (CIB0V) 1 stiabiezaro
Pholo Credit Ship Design emission operations e




Total cost of ownership scenarios:
urban bus trunk line (126000 km/a nominal)

——Diesel 2021 = =Diesel 2025 -==Diesel 2030
- =Sahko 2025 -==S3dhko 2030
= = Polttokenno 2025 --~ Polttokenno 2030

Kustannus €/km
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VTT: Paikallisliikenteen puhtaat kayttévoimat nyt ja tulevaisuudessa:

https://cris.vtt.fi/en/publications/paikallisliikenteen-puhtaat-kayttovoimat-nyt-ja-tulevaisuudessa?utm source=email
27.10.2023 VTT - beyond the obvious 10



https://cris.vtt.fi/en/publications/paikallisliikenteen-puhtaat-käyttövoimat-nyt-ja-tulevaisuudessa?utm_source=email

Example: Sensitivity analysis TCO vs km:
urban bus year 2030 diesel vs electric vs H2

2.8 novw
26 \\\‘\‘\' Sensitivity of 15-year scenarios for TCO vs annual mileage (2030)
’ WO
LU . : .
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Annual kilometres
VTT: Paikallisliikenteen puhtaat kayttovoimat nyt ja tulevaisuudessa:

https://cris.vtt.fi/en/publications/paikallisliikenteen-puhtaat-kayttovoimat-nyt-ja-tulevaisuudessa?utm source=email
27.10.2023 VTT - beyond the obvious 11



https://cris.vtt.fi/en/publications/paikallisliikenteen-puhtaat-käyttövoimat-nyt-ja-tulevaisuudessa?utm_source=email

=3 Kl
ESCALATE Finland pilot: Key innovations

Modular and scalable HD powertrain with battery, FC and
H2 tanks

Nominal use case: GVW 40 t but piloting up to GVW 76t

Hybrid_Power source flexible design through modularity and
scalability: battery-FC-H2 tanks

Prototype: Pure BEV with hydrogen FC range extended for
long haul use case

Flexible vehicle platform based on 3-axle tractor | =

Modularity of hybrid powertrain battery/FC power and .
capacity combinations and hybridisation degrees

Hybrid BE-FC powertrain control, energy management and
operation optimisation

Fast charging up to 1 MW and H2 refilling with user-friendly
Interfaces

E]evsg6 https://doi.org/10.3390/wevj14090253



https://doi.org/10.3390/wevj14090253
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Design criteria for the GVW 40 t demonstrator

B0+ ~  [150

1. VECTO long haul 750 km continuous N
operation 2o
2. Real-life long haul mission in Finland 3

- Vuosaari — Jyvaskyla oneway without recharging - K/\ ,
(262 km) i

- Vuosaari — Jyvaskyla roundtrip + refuelling (523 B 1
km) 80 L 175

8

* VECTO long haul most demanding, both in
terms of energy consumption and distance

- Real operation scenario gives requirements to
charging, H2 refill and powertrain performance o ’

[} 100 200 300 400 500
Distance (km)

Source: M. Pihlatie et al, Zero-Emission Truck Powertrains for Regional and Long-Haul Missions
@eV336 World Electr. Veh. J. 2023, 14(9), 253; https://doi.org/10.3390/wevi14090253
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https://doi.org/10.3390/wevj14090253

>ALAT=3 Kidd

Results of the real operation long haul use case

GVW 40t nominal case GVW 76t HCT case
Share of Jyvéskyld — Vuosaari Vuosaari — Jyvéskyla Jyvéskyla — Vuosaari Vuosaari — Jyviskyla
blatte;y Battery ~ Hydrogen Battery Hydrogen Battery  Hydrogen Battery Hydrogen
electric electric energy electric energy electric energy electric energy
operation energy (kWh/km) energy (kWh/km) energy (kWh/km) energy (kWh/km)
(kWh/km) (kWh/km) (kWh/km) (kWh/km)
0% -0.04 3.72 0.05 3.70 -0.04 7.59 0.02 7.52
20% 0.30 3.10 0.35 3.09 0.47 5.94 0.67 5.89
40% 0.62 2.52 0.67 2.51 1.42 3.63 1.63 3.60
60% 1.02 1.84 1.08 1.83 2.20 1.88 2.38 1.86
80% 1.39 0.94 1.46 0.93 2.60 0.96 2.78 0.95
100% 1.78 0.00 1.85 0.00 2.99 0.00 3.21 0.00

Source: M. Pihlatie et al, Zero-Emission Truck Powertrains for Regional and Long-Haul Missions

@eV336 World Electr. Veh. J. 2023, 14(9), 253; https://doi.org/10.3390/wevi14090253
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https://doi.org/10.3390/wevj14090253

Summary and conclusions

100

80
= Battery electric and fuel cell trucks are the primary zero-

emission alternatives for the future requirements
* Hydrogen ICE and electrofuels additional options R

= Battery electric is currently leading the development (both sl e
—— Battery share 60%

technology and market) — Battery share 80%

04 — Battery share 100%

= Viability needs to be proven at system level 0 100 200 300 400 500

= BET need improved batteries and fast (MW) charging, prtencefkm

infrastructure and grid power 100 =
- Likely to be unbeatable at shorter distances and volume- i pmine

—— Battery share 40%

constrained transportation ad — Battery share 60%

= FCT need competitive fuel cells, H2 at a competitive price

and infrastructure
* A Viable alternative/complement at long haul and weight-
constrained transportation

= Metrics for assessment: TCO

60

40

Battery SOC (%)

60 -

40

Fuel tank level (%)

20

0 100 200 300 400 500
Distance (km)
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