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Drawings Sideview MITSUBISHI
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Current connection concept DAF XD Electric via Addvolt ePTO with Mitsubishi cooling unit TEJ130
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DAF XD Electric
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Current connection concept DAF XD Electric via Addvolt ePTO with Mitsubishi cooling unit TEJ130
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Overview Mitsubishi reefer units e PUISYBISHL HEAVY INDUSTRIES

Mitsubishi Reefer Units — Heavy Duty eTrucks




TEJ130/TEJ 130 MT
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Nosemount Unit For Heavy Duty Trucks

: 12966W /
@ setpoint 0°C and AT 30°C
cooling 14182W
capacity @ setpoint 0°C and AT 30°C 12966W /
commertial operation / grid connection 14182W
heating @ setpoint 12°C and AT -10°C 6391W /
capacity 5539w
air volume flow 4020 m3/h
amount of refrigerant 4.4 15.7 kg
refrigerant R410A

weight 278 kg




TEF1500

MITSUBISHI HEAVY INDUSTRIES
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Semi-trailer unit

_ @ setpoint 0°C and AT 30°C 14700 W
cooling
capacity @ setpoint O C and AT 30 C | 14741 W
commertial operation / grid connection
heating @ setpoint 12°C and AT -10°C
) ) : 15900 W
capacity (heatpump > high power at low consumption)
air volume flow 5629 m3/h
amount of refrigerant 5.7 kg
refrigerant R410A
weight ca. 450 kg




I HEAVY INDUSTRIES

General information and introduction of Mitsubishi refrigeration units MUTSUBISHI HEAVY INDUSTRIES

Semi-trailer unit TFV 150

g Energyconsumption @ Setpoint 0°C and AT 30°C 11,9 kW
B

E | Energyconsumption @ Setpoint -20°C and AT 30°C 10,3 kW
| ”  Energyconsumption (heating) @ Setpoint 12°C and AT -10°C 7,3 kW

Nosemountunit for big rigid trucks TEJ130 / TEJ130MT

—— : ;ﬁmmu.——‘m / Energyconsumption @ Setpoint 0°C and AT 30°C 9,5 kW

e E "
' \ Energyconsumption @ Setpoint -20°C and AT 30°C 7,7 kW
N\ : \ Energyconsumption (heating) @ Setpoint 12°C and AT -10°C 10 kW

Hint:
The average consumption per hour is considerably lower.
The cooling units are operated at maximum power up to the setpoint in order to reach the setpoint as quickly as possible.

The compressor switches off until the actual temperature deviates from the setpoint.
The cooling unit is only active for a short time within an hour, the average consumption is considerably lower than when it is active.




TEU TSR R PLIEEE

Under- and nosemount unit for big rigid trucks

@ setpoint 0°C and AT 30°C (L evaporator) >11000 W

cooling capacity e(%;pe;?ggg;[)mc NS 2 SO (i >9000 W
. EE @ setpoint -20°C and AT 30°C (L evaporator) >6400 W
g é é heating capacity @ Setpoint 12°C and AT -10°C 6300 W
~ 2 _ air volume flow 4800 m3/h
amount of refrigerant 3.5 kg
refrigerant R410A
weight (condenser- & compressor-kit + e-box + L evaporator) ca. 200 kg




TEU (full electric inverter-controlled cooling units) LT AR A

Undermount
TEU
Modularity
- Undermount
- Nosemount
- The condenser and compressor parts can be mounted also
separately.

Max. 3 rooms operation

Nosemount

High efficiency

Higher air volume than TEJ130
- Condenser fan +20%
- Evaporator fan (large) +15%




TEU (full electric inverter-controlled cooling units) — same for TEJ / TEF e TUTSUBISH HEAYY INDUSTRIE

HIGH EFFICIENCY OPERATION Invertor technology

3D-scroll type

Hermetic compressor
- : 20000 hour or more

= or more of air conditioners.
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Energy sources TEJ/TEU / TEF1500 L AR AL
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Energy sources TEU / TEF1500

Battery pack (optional with eAxis and / or Solarroof)
Energy supply via battery / energy axis / solar roof possible.
Energy supply through an additional battery pack, which is optimised to the customer's requirements.

ePTO
Connection to the traction battery of a fully electric vehicle via the ‘ePTO’.

Hydraulic System
Power supply via hydraulic generator, which is driven via the ‘mPTQO’ on the truck's diesel engine.

Grid power
Commertial power supply for precooling.




Highly efficient inverter technology of Mitsubishi refrigeration units T g T AR T

In refrigeration cycles the temperature control due to compressors using inverters
offers several key features:

1.Variable Speed Operation: Inverters allow the compressor to operate at varying speeds,
adjusting to the cooling demands more efficiently. This results in energy savings and
precise temperature control.

High efficiency operation ‘

Power save operation

2.Smooth Start-Up: The use of inverters enables smooth start-up of the compressor, High

reducing the stress on the system and extending its lifespan.

3.Precise Temperature Regulation: Inverter-controlled compressors can maintain a more
stable and precise temperature range, providing better control over the cooling process.

4.Improved Energy Efficiency: By adjusting the compressor speed according to the load
requirements, inverters optimize energy usage, leading to lower operating costs.

5.Reduced Noise and Vibration: Inverter-driven compressors often operate more quietly Cooling capacity
Power consumption <

and with reduced vibrations compared to traditional compressors, enhancing user (

comfort and system durability. SPEED DOWN lm CQm‘ SPEED UP

Low . ( Low

. . . Low High
Overall, the use of inverters in compressor temperature control contributes to better "

performance, energy efficiency, and operational stability in refrigeration systems.

- This technology is comparable to the speed control of an electric engine in a fully electric vehicle, with the difference that the driver does not set the speed,
but this is done automatically via a microcontroller.




Calculation Example TEJ130 / TEU . mursusism nEavy eDUSTEIES

Calculation Example TEJ130 / TEU

For Rigid Truck / Drawbar Trailer




Mitsubishi simulationstool — inputmask R T T

§ REE-similator condition setting - O X
temperatur input box condition input power source condition input |  delivery condition input defrost condition input other condition input

Set temp:A/°C !0_ Box length /mm M Battery capacity /Ah [50_ Door open frequency /open/min {300 Defrost start timing /min LGO— Calculation total time /min W

Set temp:B/°C W Box width /mm lﬂ Start battery SOC /Ah [; Door-open keep time/min Defrost operation time /min [F Solar radiation/W/m2°C IO—

Start RT:A/°C EOT Box height /mm 2270 Gen rated power /W [ﬁ Door-work timing_start /min Setting1;back-up Back-upON v
Start RT:B/°C [30_ Mid L1/mm Gen rated speed /rpm [SOF Door-open airleak /m3/min

start AT/"C [30— Ins. thickness for roof /mm
mid AT/*C [30_ Ins. thickness for side /mm
mid time/min W Ins. thickness for floor /mm
endAT'C 30 | Ins. thickness for front /mm

Ins. thickness for rear /mm

Gen pulley ratio /- [T Door-work timing_end /min
Truck start time /min
Ave Eng. speed /rpm
Idle Eng. speed /rpm

truck stop time /min

HEHEN

P

-
wn

Partition Ins. thickness /mm
Base air leak /m3/min
0.01

5177

Partition air leak /m3/min

Condition set

Clear result window




Energy consumption TEJ130 Example — Calculation result
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TEJ130 Monotemp consumption values Fresh service case (IN / k=0.7)

Box data:
Internal dimensions: L7790mm x W2504mm x H2300
Insulation: 85mm roof, 126mm floor, 45mm rest

Setpoint: 5°C

Outside temperature: 30°C

Delivery time: 8h

Openings: 30 (3,75/h)

Opening time: 3min (short opening time)

Door air leakage rate: 0.2m%*min (good cold curtain /
low air exchange)

Precooled case

Battery capacity: 23kWh
Start 21.85kWh - end 11.5kWh = 10.3kWh consumed

—1,29kW per h consumption

TEmperature[*C)

Cooldown simulation

Ambient temp

Blue line: Rdom temp.

Orange line: Set temp.

0 100 200 300 400

Time[min]

—— Roomtemp.:A —— Ambinet temp.
Set temp. A

Battery SOC[%]

100 -

Battery SOC

Battery SOC

/'

Around 50% remaining battery may
be expected after 8hrs delivery

100 200 300 400 500
Time[min]

—— Battery SOC




Energy consumption TEJ130 Example — Calculation result e e AR A T

TEJ130 Monotemp consumption values Fresh service case /
high air exchange at opening

Box data:

Internal dimensions: L7790mm x W2504mm x H2300 % Cooldown simulation 0 Setiery S0C
Insulation: 85mm roof, 126mm floor, 45mm rest 0

Setpoint: 5°C . .

Outside temperature: 30°C

Delivery time: 8h

Openings: 30 (3,75/h)

Opening time: 3min (short opening time)

Emperature]*C]

. . 3 . . . . . _10
Door air leakage rate: 5m¥min ( simple cold curtain / high air Around 40% remaining battery may
exchange) -20 0 be expected in case of
ventilatory volume more increasing
Precooled case -30 during door open
5 100 200 %0 400 500 05 100 20 %0 00 500
Time[min] Time[min]
Battery capacity: 23kWh e —

Set temp. -A —— [Battery SOC

Start 21,85kWh - End 9,2kWh = 12,65kWh consumed

—1,58kW per h consumption




Energy consumption TEJ130 Example — Calculation result

MITSUBISHI HEAVY INDUSTRIES
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TEJ130 Monotemp consumption values deep-freeze case (IR / k=0.4)

Box data:

Internal dimensions: L7790mm x W2504mm x H2300
Insulation: 120mm roof, 160mm floor, 60mm rest Cooldown simulation
Setpoint: -20°C

Outside temperature: 30°C
Delivery time: 8h ”
Openings: 30 (3,75/h) e
Opening time: 8min (average opening time)

Door air leakage rate: 0.2m%*min (good cold curtain / low
air exchange)

Precooled case

Emperature]*C]

-10

W | AT A O N O OO N

Battery capacity: 32kWh | | | | | |
Start 32kWh - end 9.6kWh = 22.4kWh consumed ’ o nin] e 0

= Room temp. 4 = Ambinet temp
st temp A

- 2.8 kW per h consumption

Battery SOC[%]

Battery SOC

100

0 100 200 300 400 500
Time[min]

—— Battery SOC




Energy consumption TEJ130 Example — Calculation result
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TEJ130 Monotemp consumption values deep-freeze case/ very high air exchange at opening

Box data:

Internal dimensions: L7790mm x W2504mm x H2300

Insulation: 120mm roof, 160mm floor, 60mm rest w
Setpoint: -20°C o

Outside temperature: 30°C

Delivery time: 8h

Openings: 30 (3,75/h)

Opening time: 8min (average opening time)

Door air leakage rate: 10m%min (no cold curtain / very high
air exchange) 10
Precooled case -20

-30

10

TEemperature["C]
(=1

Delivery time 8h is not reached with 32kWh
after 135min 30% SOC

Battery capacity: 32kWh
Start 32kWh - end 9,6kWh = 22,4kWh consumed in 135min

- 9,95 kW per h consumption

Cooldown simulation

0 100 200 300 400 500

Time{min]

—— Room temp. A —— Ambinst temg
Set temp. A

Battery SOC[%]

&

100

8

Battery SOC

100 200 300 400 500
Time{min]

—— Battery SOC




Energy consumption TEJ130 Example — Calculation result
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TEJ130 Monotemp consumption values deep-freeze case/ very high air exchange at opening / fewer openings

Box data:

Internal dimensions: L7790mm x W2504mm x H2300
Insulation: 120mm roof, 160mm floor, 60mm rest Gockdown simulation
Setpoint: -20°C

Outside temperature: 30°C

Delivery time: 8h

Openings: 15 (1,88/h)

Opening time: 8min (average opening time)

Door air leakage rate: 10m%*min (no cold curtain / very high air
exchange)

Precooled case

10

Temperature[*C]

-10

=20

=30

[ 100 200 300 400 500

Delivery time 8h is not reached with 32kWh ime{min
after 320min 30% SOC e

Battery capacity: 32kWh
Start 32kWh - end 9.6kWh = 22.4kWh consumed in 320min

3,73 kW per h consumption

Battery SOC[%]

&

100

B

Battery SOC

100 200 300 400 500
Time{min]

—— Battery 50C




Energy consumption TEJ130 Example — Assumption and Consideration Points MUISUBISHL HEAVY INDUSTRIES

This simulation is a trial calculation under specific conditions and it may fluctuate in actual operation.
The assumptions for calculation are as follows:

(1) Effect of solar radiation:
a. Effect of solar radiation is not considered in this simulation.
b. Effect if considered: Energy consumption shall increase
[Reason: Radiation shall lead to increase in thermal load]

(2) Semi-trailer body thermal load modeling:
a. Model considers air volume and body metal+insulation. Model excludes load due to luggage [Fruit, flower etc_]
b. Effect if considered: Energy consumption shall increase
[Reason: Thermal load shall increase due to breathing of different luggage components]

(3) Tail Lift modeling:
a. Energy consumed by tail lift operation is variable depending on number of operations and time. [Currently excluded]
b. ltem to be considered: To include tail lift energy consumption based on actual system spec and usage routine.

(4) Door Open/Close modeling:
a. Refrigeration Unit is switched OFF during Door OPEN condition
b. Temperature labelled ‘cargo room temperature’ is average of complete 40feet trailer.
c. ltem to be considered: Air temperature near door shall rise higher than average value.

(5) Effect of Operation location:
a. Temperature conditions of requested simulations are localized to Berlin and Frankfurt.
b. Consideration: To consider operation at complete Europe, evaluation at 32°C [Max. Europe Temp] is required.




Calculation Example TFV150 / TEF1500 R A T

Calculation Example TFV150 ( Trailer Unit)




Energy consumption of Mitsubishi refrigeration units and simulation to predict .
energy consumption - customer and bodybuilder information e "

Simulation conditions

Item Details Reference / Comment
Operation Location Berlin, Frankfurt
15 Berlin Average Annual Temp
Ambient Temp. +24°C Berlin Max. Summer Temperature
+32°C Europe Max. Summer Temperature
Cargo Humidity 50 %RH il
Set Point Temp 2°c bl
Operation Mode Continuous Mode Bl
Solar radiation Not assumed A
Total time 10 hours per day |
Door opening 17 times per day Bl
Door open time 10 minutes . Bl
Defrost Every 3hr

Semi-Trailer Body

Cargo Room 40ft semi-trailer [L:12.192m x W:2.438m x H:2.591m] 5
Insulation thickness 80 mm [Side wall + Door]; 100mm [Base, roof, front] E
Effective K Value 0.41 W/im2.K :' ]
n
n
- = .

- Information coming from customer and bodybuilder
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Energy consumption TFV150 Example 1 - Simulation result MUISUBISHL HEAVY INDUSTRIES
Room temp. and Energy consumption [AT : 15°C] (Berlin Average Temp.)
Door Open-Close (17 cycles) Defrost (Every 3hours)
18 ,';‘:: {,-'" : ‘\‘w,‘\ 18000
16 a’,’J:' il : RN i ' + 16000
S e ! . Accumulated energy
14 Sl - ! L 14000 — .
P - ! e consumption
12 o - ' ~y 12000 __
E ;!J ‘.'r : f"’ ! h‘\ 'E
E 10 ’fr ,f ! f’.a" ! Nh‘-‘ 10000 E
e 8 N . 4 N ~ 8000 'E; —  Temperature at return air
% 6 FANR I - - | . | so00 E sensor
E 4 » ; i i - 4000 E
2 : ‘ =1 | 2000 E
o4 o
D: 3600 7200 10800 14400 18000 21600 25200 28800 32400 36000
E Time (Sec)
1

Pull — down : Upto 9.8kW power consumption

- It is recommended that pre-cooling (pull-down) is carried out via the grid connection of the refrigeration unit so that this energy is not taken from the traction battery

Daily energy consumption = 16,2kWh

Average energy consumption per hour = 1,62kWh
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Energy consumption TFV150 Example 2 - Simulation result

Room temp. and Energy consumption [AT : 24°C] (Berlin Max. Temp.)

Door Open-Close (17 cycles) Defrost (Every 3hours)
L) =
iy # t \‘
35 ,jff ,f" sy 35000
f‘:‘ll ZJ-‘ ! \\.'\
I # ! B
30 ’;"; ! - ¥ . - © 30000 Accumulated energy
- % .
S 7 : . = consumption
'g 5 ’; ;i ' e I ~ 25000 g
; ] ! ” ! .
— ¥ Il ! - I % _E
g 20 P R = N - 20000 ‘E.
¢ 1 2 A .
': I / ! L : . 2 —_ Temperature at return air
E 15 A — - e r . - 15000 §
& K . b ! N 5 sensor
2 15 ! ! || atllig (! s, - 10000 &
5 * ’r: F': :' I 4 \d r'Y =
]
5 11 1 5000
: —r‘l‘
0 4 o
o 3600 7200 10800 14400 18000 21600 25200 28800 32400 36000
. Operation Time (sec)
I
]

Pull — down : Upto 12 3kW power consumption
- It is recommended that pre-cooling (pull-down) is carried out via the grid connection of the refrigeration unit so that this energy is not taken from the traction battery

Daily energy consumption = 30,7kWh

Average energy consumption per hour = 3,07kWh




Benefits of calculating the energy consumption of the refrigeration unit $, muirsusisu seAvY iNDUSTRIES
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Calculation example 3 (Berlin annual average temperature): Setpoint 2°C / AT 15°C / 10h tour / 17 door openings / 10min opening time
Pre-cooling via the mains supply

Examplerange of a Truck with usable 480kWh batterie capacity : 535km.

480kWh (usable battery capacity of the truck)
- 16,2kWh (energy consumption TFV150 for 10h)
= 463,8kWh (available battery capacity of the truck for the day trip)

- The energy consumption of the refrigeration unit reduces the range of the truck by approx. 18km.
- The range of the truck is reduced by the refrigeration machine to approx. 517km (approx.3% Loss of range).
- Grid pre-cooling leaves 10km more range.

Calculation example 4 (Berlin summer average temperature): Setpoint 2°C / AT 24°C / 10h Tour / 10h tour / 17 door openings / 10min opening time
Pre-cooling via the mains supply

Examplerange of a Truck with usable 480kWh batterie capacity : 535km.

480kWh (usable battery capacity of the truck)
- 30,7kWh (energy consumption TFV150 for 10h)
= 449,3kWh (available battery capacity of the truck for the day trip)

- The energy consumption of the refrigeration unit reduces the range of the truck by approx. 34km.

- The range of the truck is reduced by the refrigeration machine to approx. 501km (approx.6% Loss of range).
- Grid pre-cooling leaves 14km more range.

© Mitsubishi Heavy Industries Thermal Transport Europe GmbH All Rights Reserved.



Benefits of calculating the energy consumption of the refrigeration unit MIISUBISHI HEAVY INDUSTRIES

Calculation example 1 (Berlin annual average temperature): Setpoint 2°C / AT 15°C / 10h tour / 17 door openings / 10min opening time

Examplerange of a Truck with usable 480kWh batterie capacity : 535km.

480kWh (usable battery capacity of the truck)
- 16,2kWh (energy consumption TFV150 for 10h)
- 9,2kWh (energy consumption TFV150 pull-down / precooling)
= 454,6kWh (available battery capacity of the truck for the day trip)

- The energy consumption of the refrigeration unit reduces the range of the truck by approx. 28km.
- The range of the truck is reduced by the refrigeration machine to approx. 507km (approx.5% Loss of range).

Calculation example 2 (Berlin summer average temperature): Setpoint 2°C / AT 24°C / 10h tour / 17 door openings / 10min opening time

Examplerange of a Truck with usable 480kWh batterie capacity : 535km.

480kWh (usable battery capacity of the truck)
- 30,7kWh (energy consumption TFV150 for 10h)
- 12,3kWh (energy consumption TFV150 pull-down / precooling)
= 437kWh (available battery capacity of the truck for the day trip)

- The energy consumption of the refrigeration unit reduces the range of the truck by approx. 48km.
- The range of the truck is reduced by the refrigeration machine to approx. 487km (approx.9% Loss of range).

29




Battery pack on an all-electric refrigerated trailer 2 mususisu weavy inousTaies

It is possible to operate the refrigeration unit on the semi-trailer independently of the semi-trailer truck using a battery system on the trailer.
A battery system on the semi-trailer weighs 350-1200 kg, depending on the capacity of the batteries and the technology (air-cooled vs. liquid-cooled)

No energy from the semitrailer is required, the range is not affected.




Result / Summary MITSUBISHI HEAVY INDUSTRIES
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The Mitsubishi simulation tool makes it possible to ideally plan the customer's tour.
Tests after various simulations have shown that the energy consumption is usually even slightly lower than predicted.
The simulation tool shows the low energy requirement of a refrigeration unit with inverter technology.

The planning reliability for the customer is very high, as the possible range with the refrigeration unit on the eTruck can be defined from the very beginning.

An additional battery on the semi-trailer could be recharged via the traction battery of the truck.

An additional battery on the semi-trailer could absorb additional energy from the vehicle's recuperation.




End ole TUISUBISHL HEAYY INDUSTRIES

Question?
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