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. Transport emissions in 2020 = 7.2 Gt CO, Bus &Gr;m'bus\
(o}

. Trucks & Bus are ~8% of 4W account for
~35% of CO, from road transport.

Source: https//wwweaorg/dataandstatstcs/charts/gobacoZemssonsfrom‘
transport-by-subsector-2000-2030;

https://energieinnederland.nl/cijfers/2023/broeikasgassen . .
Heavy duty vehicle includes trucks and road freight vehicles with a GVW<3.5t; 2020 Transport emissions (I EA)

<
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FHI ey Trucks Sales 2025 TUDelft

= 9% of Medium & Heavy-duty trucks (>3.5t) sold globally were zero emission vehicles (ZEV) in 2025
= 97% of ZEV Trucks (>3.5t) are Battery Electric

Electric Medium and Heavy-duty truck sales Electric Light Commercial Vehicle (<3.5t) sales
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Zero-Emission Commercial Vehicles - Accelerating the Transition (BNEF report 2025): 5
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FHI fogerstiovan e Netherlands leads with eVan (N1, <3.5t) fuDelft

= 83.9% of total new vans registrations in NL were electric in 2025 - Highest globally

Zero-emission registration share by segment in the
Netherlands

Year-to-date share of sales
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Source: BloombergNEF, European Automobile Manufacturers Association.
Note: Includes some plug-in hybrid vehicles.

https://alternative-fuels-observatory.ec.europa.eu/general-
information/news/netherlands-electric-vehicle-market-2025-overview-bev-phev: Early evidence from Dutch zero-emission zones for freight
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FHI fogerstiovan e Netherlands leads with eVan (N1, <3.5t) fuDelft

= Driver: 1. New Zero-Emission Zones for Freight (ZEZ-F) in Dutch cities
= Driver: 2. NL has highest number of commercial EV chargers (~175k)
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Zero-emission zones in Dutch cities

https://alternative-fuels-observatory.ec.europa.eu/general-
information/news/netherlands-electric-vehicle-market-2025-overview-bev-phev: Early evidence from Dutch zero-emission zones for freight
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FHI fesrate o ances Typical specs of eTrucks (N1-N3) TUDelft

= Battery size (200-1000 kWh) and charging power (500-3000 kW)

Class 1 Cat
R 6,000 Ibs Uga . a S?ory
cé Class 2 ) LCV 3,500 kg
o 10,000 bs || ~4500 kg
E Class 3 6,000 kg
2 (3 5_12t) E 14,000 Ibs
Cotenr N e I TN (s categor
R Distribution .. . Long Haul 2 19,500 Ibs MCV | N2
Distribution £ Clacec China
3 < MCV
Distance per day (km) 150-300 300-600 600-1000 e T 12,000 kg
Yearly distance (km) 30k-50k 50k-100k 100-150k S| class? 14,000 kg
o 33,000 Ibs S i
Fuel economy (kWh/km) 0.3-0.75 0.5-1.5 1-2 2 - N Category
Battery (kWh) 200-300 300-600 600-850 v Class 8 - HCV
Charging power (kW) ~300 ~1500 T

(80% in 15 min)
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FHI fegersteyoancnes Range, Battery size & Fuel economy TUDelft

= H1 2025 China Medium & Heavy-Duty Truck trend:
= Range upto 800km and battery upto 800kWh
* Fuel economy is 0.75-2 kWh/km
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Zero-emission medium- and heavy-duty vehicle market in China, H1 2025, ICCT
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FHI fegeratiovan e Battery for Medium & Heavy Duty EV fuDelft

@ Battery pack > “1 Million km” warranty

@ 3-4k cycles » 1-2 cycles per day = ~350-750 cycles per year = 3k-6k cycles total
200-800 kWh » Multi-pack battery, 1000V architecture, Liquid cooled
2 Cell-to-pack
® ratio
4., MW-level » 80% SoC in 15-30min
& power
i » Ensure high payload capacity - Avg. battery pack energy desity is 200
@ Weight <5t Wh/kg in 2025 (LFP 200Wh/kg, NMC 250Wh/kg, LMFP in between)
e Cost <100k > 2024 Comme.rual EVs vqume-welghtefj average pack price S120/kWh
S90/kWh (China) Vs $190/kWh (ex. China)

Zero-Emission Commercial Vehicles - Accelerating the Transition (BNEF report 2025)
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FH| fegeratevan ~ Battery used in Medium & Heavy Duty EV fuDelft

» LFP dominates due to low cost, safety characteristics, high cycle life but has lower energy density (Wh/kg)
= County & OEM: China (LFP), Daimler (LFP), Traton (NMC), Volvo (NCA), Tesla (NMC/LFP?)

Battery chemistry of electric medium- and heavy-duty
truck sales
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Zero-Emission Commercial Vehicles - Accelerating the Transition (BNEF report 2025) 11
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FH| fegeratevan ~ Battery used in Medium & Heavy Duty EV fuDelft

=  Volumetric energy density of LFP and NMC/NCA are comparable to limit thermal propagation in NMC/NCA

C2P-ratio
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Pack energy density (Wh/l)
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Cell energy density (Wh/l)

Zero-Emission Commercial Vehicles - Accelerating the Transition (BNEF report 2025)
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FH

Federatie van
technologiebranches

Charging power evolution for Heavy Duty Vehicles

Charging power for N1 to N3 trucks

|

Peak charge power (kW)
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TUDelft
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Federatie van
technologiebranches

FHI

Charging power evolution for Heavy Duty Vehicles

3
TUDelft

[ Charging power for N1 to N3 trucks

} [ Charging power for trucks, mining, ships }

IEC 61851

>

Charging Rate
-t N W H (6)] D
O O O O O O

eavy-uty Charing
O T '

1 [ T L I | N 1 L
= dc Charging 10! . 102 10°
= ac Charging ) Charging Power kW 550
°3 2 \ee
Type 2 ac Charger CCS-2 dc Charger Pantograph MCS dc Charger MACS Charger
Max 22 kW Max 350 kW Max 600 kw Max 3750 kW Max 10 MW

14



FHI fogerate van EU HDVs' driving rules FUDelft

technologiebranches

» European Regulation No 561/2006 on the harmonization of certain social legislation for road transport

= When driving 4.5h (80km/h*4.5=360km)
= 45 min break
= Or 15min + 30 min break

5 vax sonweo R @ o 1 in 45

15



Federatie van °
FHI fserate ot oones Plugs for EV charging (M1-M3, N1)
000 R 090
00 @ 0
GD €9 o0Qo 00000
CCS1
CCS 2 62196 “EE” NACS v3/v4| CHAdeMO GB/T Chaoli
Connector inlet 62196 “FF” IEC61851 SAEJ3400 |62196 “AA” 69196 “BB” CHAdeMO 3.0
62196 “GG”
IEC61851 SAEI1772 (For cars) | IEC61851
Rated voltage (V) 1000 1000 500/1000 1000 [9507/1500* 1500
Max'm“(z)cu”e”t 800 800 400/615 | 400 |2507/800*| 800
Maximum power 250 (v3)
350 2377/900*
(kW) 800 800 500 (v4) / 900
(High-level) PLC PLC PLC
Comm. HLC  |(1SO 15118)|(1SO 15118)|(1sO 15118) "N CAN CAN

https://www.tesla.com/supercharger-for-business

https://www.chademo.com/technology/high-power

%
TUDelft
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FHI

%
TUDelft

teemacgeorancres  Plugs for Heavy-Duty vehicles (N2,N3, >3.5t)
B >
@ =
G52 MCS NACS v4 Pantograph | Pin&Socket
elilalEre/dllilia 62196 "FF" | g 13271 | saEuza00 | M9 | saE 13105 |SAEI3105/3
IEC61851
Rated voltage (V) 1000 1250 (1500)] 1000 1500 1000 1000
615A
i 12 2
Maximum current (A) 800 3000 2 (T<105C) 600 00 000
Maximum power (kW) 300 3750 (4500)] 1200 900 1200 2000
(High-level) CCS 2 CAN FD/XL | cAN (J2411) PLC/Wi-Fi
Commugmcation Lo | 62196 “FF” | 10BaseT1s| PLC(IsO CAN | OppCharge PLC
IEC61851 | (ISO 15118)| 15118) (ISO 15118)
V2X function Yes Yes No? Yes ? ?

https://www.chademo.com/technology/high-power

https://www.tesla.com/supercharger-for-business
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FH| regeratie van Megawatt Charging System (MCS) fuDelft

technologiebranches

Ratings

= \Voltage: 1250V/1500V

= Current 3000A

=  Power: 3750kW/ 4500 kW

= SAEJ2371
Charge enable

Pins (CP)
=  PHY1, PHY2 - HLC using CAN, CAN FD, CAN

XL or 10BaseT1s. Why not PLC as used in Auxiliary Supply
CCS? 12-48V, 20A

= Charge enable CE

/Insert Detection

(PP)

= |nsertion detection ID Eg il EE il ,13
CE (CP) Charge Enable 3
ID (PP) Insertion detection 4
E Protective earth 5
PHY1 Communication 1 6
PHY?2 Communication 2 7

18



FHI fogoratiovan e MCS - SAE J2371 fuDelft

= Auxiliary supply over CE, ID: 12-48V, 20A
= Why is this needed?

= Power flow:

= from EVSE to EV over CE/ID

= or EV to EVSE for V2X possible
= Why both ways?

Charge enable
(CP)

/Insert Detection

. (PP)
Auxiliary Supply
12-48V, 20A
DC + DC + 1
DC - DC - 2
CE (CP) Charge Enable 3
ID (PP) Insertion detection 4
E Protective earth 5
PHY1 Communication 1 §]
PHY?2 Communication 2 7

19
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TUDelft

FHI foderstioran e Ruggedized MCS (rMCS) — Mining

Adapt the existing MCS connector to meet the Mining requirements
" |ncrease voltage from 1250 to 1500V, current from 3000 to upto 4000A

= |mprove chemical compatibility and ruggedization (IP 64 and IK 11 rating), Ingress Protection as per IEC
63379 and IEC 60529

= Lever for coupler retention
= 20,000 mating cycles
= (Cable length upto 15m. Why?

(170)
—

(140.7)
=

Reference — CharIN Ruggedized Megawatt Charging System (R-MCS) - Recommendations and specifications for Ruggedized MCS for standards bodies and solution suppliers 20
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FHI federatoran e Heavy Duty Charging station — Conventional TUDelft

" |ntegrated unit with Power cabinets + Charing plugs
= Modular Power units with high frequency isolation
= 1 Charger per parking spot

Benefits:
= Easier installation

IR

|

Y i
A |
Il - 5
i | 1 |
§ = |
f
| |
. I\ .
A [
= i
g
o1
1
"1
v —
i '
1
i
i
. -
i

Challenge:
= Size not scalable for > 1MW
= Limited flexibility for power sharing

* More parking spots/vehicles = More chargers ABB A400 charger

200-400 kW in 50kW steps
2x 600 A plugs
97% efficiency

21



FHI

Federatie van
technologiebranches

Heavy Duty Charging station — MW Architecture

Power cabinets upto 1MW made of Modular Power Modules of 50-125kW
Separate charging dispenser connected via a switching matrix

X Power modules Optional
HDEV1 Switching 1 dc/dc dc/ac ' Output Switchgear | LV/MV ! Grid
Ak Matrix + Converter Converter: filter . Transformer !
BMS ( % 0 = : ;
g | I
S =i
—f 0 Ve mm - - T --------
= _‘q:‘ 2 “; " ' )
L
N =
0
| 1) ¥ L Vol

2x600 kW Power Units 50 kW Module

100kW per cabinet

]
TUDelft

22
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FHI et tancnes Tesla v4 Supercharger TUDelft

Separated Supercharger Cabinet and Posts

V4 Supercharger Post

= 1.2MW for Semitruck,
= 500 kW for Cybertruck,
= 615A,1000VDC

V4 Supercharger Cabinet

= Upto 1200 kW, shared by 8 posts

= 180-1000 VDC, Efficiency >96%

= |nput: 380-480V 3ph AC, 1200-1500A!

https://www.tesla.com/supercharger-for-business
https://www.phoenixcontact.com/en-in/industries/e-mobility/charging-
infrastructure/nacs-charging-cables
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FHI et tancnes Tesla v4 Supercharger TUDelft

= Charger cost including services + shipping (excluding. Taxes + Installation)

https://www.tesla.com/supercharger-for-business/get

250k USD
500k USD

» V4 1MW Cabinet + 4 posts
» V4 1MW Cabinet + 8 posts

T=5LnmA Vehicles Energy Charging Discover Shop

Est. 5 Year Payback Period

Initial Investment ~ em» Cumulative Profit @

Oyr -~~~ ""TTTT77 5yr 10 yr 15 yr
Est. $656,137 Average Yearly Revenue Over 15 Years
Est. $9,842,060 Total Revenue Over 15 years
Est. $940,000 Total Upfront Investment Including installation
$11M
$733k
$367k
$0
Tyr 5yr 10yr 15 yr

The outputs generated by this model are for indicative purposes only and should not be considered official predictions or representations from
Tesla. Tesla makes no guarantee of profitability. Actual results can differ materially from these calculations. For a more detailed, tailored view,
please submit the form. Outputs assume 7% year-over-year utilization growth, approximately 15% energy loss - from the utility/grid to the
vehicle battery, no rent for the parking spaces, and excludes any taxes on hardware purchases.

[ | 302  kWh/day
Est. Purchase Price $500,000
Est. Taxes and installation not included

1V4 Cabinet, 8 Posts $440,000
Other Hardware $24,000
Services $24,000
Shipping $12,000
Subtotal $500,000

Learn more about each line item

Hide Pricing Details ~

Final price upon inquiry. For revenue-generating sites, Tesla will charge an
all-inclusive $0.10/kWh fee. See what is included in the Tesla fee. Incentives

may apply.

Get a Quote

Q Search for your business

24
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FHI fesrate o anches What are the challenges? TUDelft

= Efficiency (Losses 3%*1MW), thermal challenges, magnetics design?
= How to make the installation of the modular system faster?

= How to reduce the high currents at LVAC side?

= Grid impact of the MW chargers is significant!

Optional
HDEV1 Switching 1 dc/dc de/ac ' Output Switchgear | LV/MV | Grid
Ak Matrix + Converter Converter: filter . Transformer !
BMS D [ [ : : !

'
| L e | B S
‘@ il ! L 1 =] 3
L | = ~) : :

50 kW Module

25
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FHI et tancnes Tesla v4 Supercharger TUDelft

To reduce installation time of MW chargers, Tesla introduced
Prefab and Prewired “Folding unit” Supercharger

» with 1x 500kW Cabinet and 8 Posts

» 2 units per trucks

» Flexile installation: folded, unfolded

» Claim: 2x fast installation, 20% lower cost

I
Il

I

Keep folded toinstall back to.back

Or unfold to install in rows 2X faster installation

26



FHI

| . ]
{eohnologiebranches MCS charger — Architecture based on SST TUDelft

Solid state transformer (SST)

Advantage

Direct MV connection

Integrate LV-MV conversion, medium
frequency isolation and PEBB in one unit

Flexible, Reconfigurable Power routing
Direct integration of RES, BESS

Disadvantage

Higher (initial) cost
Developing standards
Themrla management
Complex design than 50Hz

Charging Ports (+1,000 kW)

S
| On-Site Generation (RES)

HF

@ \ On-Site ESS

27
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FHI oot ncnes  MICS charger — 3.6MW SST Architecture (NREL) TUDelft

= |nput: 4x Series connected Cells of 300kW, 1.2MW per phase: Cascaded H-bridge + DAB
= 13.8kV MVAC input = 2kV DC bus

=  Qutput: 3x 400kW DAB connected in parallel, 1.2MW, 220-1500V

= Direct integration of 400kW each of PV, BESS on 2kV DC bus

3kV DC bus

( Cell 1 ) £ =
| JE]}LJEI}L JEI}L,J 2 EI}L N e E)}LJ o)
J

T
Sgae

N
ot T SN B e 6

13.8kv _[| T E
cana”f| || BAEF | B & A% i
S , =
| H-Bridge Dual Active Bridge ) ~ 1.2 MW Charging Port g ) .
ol 2 HBridae + Dual Active Brid ) . : \ NREL +1MW HD EV Charger
| Cell 2: H-Bridge + Dual Active Bridge . . .
L Dual Active Bridge with local ESS ) Power Output 400KW -1.2 MW
if . o Voltage Range 220 - 1500 V
1 Cell 3: H-Bridge + Dual Active Bridge Ouput Current 800 A
) S ( ] ] ) AC Input 13.8 kV
1 Cell 4: H-Bridge + Dual Active Bridge Dual Active Bridge fed by PV arrays Onsite Storage Power 400 kW
B J b g Onsite PV Generation 400 kW
4 Phasea J | | Isolation HF
N Cascaded H-Bridge+DAB b Efficiency 98%
n 2kV DC Bus L )

https://docs.nrel.gov/docs/fy200sti/76707.pdf 28



https://docs.nrel.gov/docs/fy20osti/76707.pdf

MW Charging Energy Hubs

Key challenges

= |nvestment for 100’s of locations
= Power converters for chargers & BESS onsite
=  Commissioning costs
= Peak power levels (5-10MW) per location

= Grid congestion
= Grid connection costs

|| Capacity Available Without Queues

D Limited Capacity Available Without Queues

|| Area is Under Investigation With Queue
. Shortage of Capacity With Queue

Reference — Z. Qin, S. Rivera, H. Yu and F. Blaabjerg, "Innovative electric vehicle charging infrastructure for european transportation electrification: megawatt charging hubs
with battery energy storage and solid-state transformers for medium-voltage grid integration.," in IEEE Electrification Magazine; Tesla megapack




MW Charging Energy Hubs

Key challenges
= |nvestment for 100’s of locations

= Power converters for chargers & BESS onsite
= Commissioning costs
= Peak power levels (5-10MW) per location

= Grid congestion
®»  Grid connection costs

Annual Levelized
Total Costs (k€)
500

e—e On-Site BESS
=—a Without BESS

Battery Costs 400 '
(Degradation and & Energy Consumption
Maintenance) (k€) (k€)
200
100
10 54 1
N 40
Grid g9 5 Power Converters (k€)
Transportation
Service (k€) 0
5

Grid Cost of
Connection (k€) Commissioning (k€)

Capacity Available Without Queues

Limited Capacity Available Without Queues

MWh Battery pack

Area is Under lr“./estig:xtun?\/[th E')Jeu‘
elf

Shortage of Capacity With Queue
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FHI 'Ic::gr?r:&olﬂag\ilebranches Battery Swap for trucks TUDelft

= ~30% (2022-H1 2025), 15% (2025) of trucks sold in China are with battery swap
= Examples: CAMC, Foton, XCMG in China; Sun mobility in India; Mitubishi & Ample in Japan

= Benefits = Challenges
= Smaller battery = High costs of swapping stations
= 2 min charge! 30C! = Battery standardization

= New business models

35,000 35%
[ ]
34N1%
. 30%
20,000 T 30%
26%
25,000 25%
Q@
20,000 20% &
" K-
a W
- -
3
15,000 15% &
10%
10,000 ¢ 10%
5,000 5%
O - 0%
2021 2022 2023 2024 2025 H1

Zero-emission medium- and heavy-duty vehicle market in China, H1 2025, ICCT 31
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FHI

Federatie van

technologiebranches

In-motion Truck charging via pantograph using overhead catenary along corridors
Example is Siemens eHighway: 670V DC overhead catenary and upto 200kW power

Siemens eHighway

Electrified road freight transport -
contributing to a sustainable transport sector

of expected truck toll revenue
(Lkw-Maut) would cover the

4,000km

network of contact lines on German autobahn

is re ende e Fe i
0/ of German Industries (BDI) as a
o cost-effective decarbonization measure

The key innovation is the active

while driving at any highway spee

pantograph, capable of covme(tmg/ / 0
0

Electric Road Systems / eHighway

s recommended by the Federation

investment in a 4,000 km network 1 6 o OO
] € I efficiency level with

80-.

of heavy duty trucks would have
an economic incentive to switch
to contact line, given that the
busiest 4,000 km of autobahn
are electrified

of fuel savings can be achieved overhead contact lines

by a 40-ton truck driving
100,000 km on the eHighway _ \ @
(based on 1.25 €/l diesel and Driving on non-electrified
0.15 €/kWh electricity) roads (€.g. when overtaking
or “first and last mile") is
ensured by the hybrid drive |81

> technology of the truck and
7 7 t on-board energy storage I 1
of CO, savings per year if 30%
of truck traffic on German highways Braking energy can 75
is electrified and supplied be racoverel

with renewables

%4

=
>80%

\ o

Siemens eHighway Sustainable road freight transport

]
TUDelft



https://assets.new.siemens.com/siemens/assets/api/uuid:78f7ac2f-d2e6-46b5-82bb-d15fee791fc6/presentation-eHighway-Sustainable-road-freight-transport.pdf
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https://assets.new.siemens.com/siemens/assets/api/uuid:78f7ac2f-d2e6-46b5-82bb-d15fee791fc6/presentation-eHighway-Sustainable-road-freight-transport.pdf

Pantograph (up/down) charging

=  SAE J105 Automatic connection device
= Rated for 1000V, 600/1200A, 1200kW
= DC+, DC-, PE, Control pilot CP

= J3105-1 "Infrastructure-Mounted Cross Rail
Connection" Pantograph down

= J3105-2 "Vehicle-Mounted Pantograph
Connection” Pantograph up

[ Pantograph down (Cross rail) SAE J3105-1

1
1 rUDelft

I | .

(| e —
PE

[ Pantograph up SAE J3105-1

https://en.wikipedia.org/wiki/SAE J3105

WiFi Modem

WiFi Modem | 1

_________________

[\

;

arge Contactor (Pantograph)

S
Motor 2

] IMD_

eater

PE/Chassis _

IMD

AC grid R..
PEN s

= Grounding
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FHI foserte i anches Electric Road Systems / eHighway TUDelft

= In-motion Truck charging via pantograph using overhead catenary along corridors
= Example is Siemens eHighway: 670V DC overhead catenary and upto 200kW power

Advantages Challenges

= Smaller battery = Battery for first/last mile

= Better for grid congestion = High infra costs (e.g., 4000km in DE at 2.26MEUR/km)
= Continuous operation = Vehicle standardization

Siemens eHighway

Electrified road freight transport - The kegiin

& ‘ S~ =
T L\ PN s Y
contributing to a sustainable transport sector gentngtepy; copd pabl of conncti ng 3
while driving at a thlwayp 1/(/

4 7 0 0 0 km
network of contact on German a
is recom ed 1e Federation
0/ o asa
0 cost-effectiv nization measure
of expected truck toll revenue >
(LkN M t) would ¢ 0
s 6 0 OO 2

o

bya 4 ng

100,000 krr ighwa
o/o 0.15 €kWh P?;z(trlfl:y

A
of heavy duf y( ucks uld >7 000 000 echn \gy f[l l uck a d
o switch t ergy storage
o atthe \
3 m of autobahn ) v
wa

Siemens eHighway Sustainable road freight transport 34
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Dynamic Charging Interface

" Provide in-motion power via catenary or third rail (IP 69K)
=  On-Boarding Power Module: DC+, DC-, PE, Communication

Voltage and Power levels
= 2.6kV DC traction with 1.6-3.9kA current, 4.5-8.5MW power
= 1.8kV DC traction with 2-5kA current, 4-8MW power

A. Rectifier substation
B. Roadside infrastructure, such as support towers
C. Contact wires or side rails

D. Power connector, such as the pantograph
E. Power On-Boarding Module, connects
to truck’s electrical system (via DC/DC
converter with/out isolation)

A,

DC :
Source




i o o . . 3
FHI Gt Brancres Multi-inlet Multi-Pack charging TUDelft

= Damen RSD Tug 2513 Electric
= Tug boat with 3.7bMW power and upto 2.782MWh battery
= 2h Charging via 4x CCS connector via Special charging arm (upto 4x350kW=1.4MW)

Reference — https://www.damen.com/vessels/tugs/electric-tugs/rsd-tug-2513-electric 36
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