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Introduction: Zero-Emission Airports virtual @ vehicle

—~— S

—

Why should you put a
Fuel Cell into ARFFs??7?
(Airport Rescue and Fire

Fighting) /
- S

» Around 5% of airport emissions are
from vehicles

 Airports want to become climate :>
neutral until 2030

« But! What are airport emissions?
- See next slide

https://www.aci-europe.org/downloads/content/ZERO%20EMISSIONS%20ROADMAP%20d%20Airport.pdf
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Introduction: Zero-Emission Airports virtual \3 vehicle
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But we also 4, ‘
need to cut
these 5%!

Airplanes are
another story!
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https://www.aef.org.uk/2023/04/28/zero-emissions-airports-proposals-risk-misleading-the-public/

Introduction: Zero-Emission Airports

Different COg-reduction-initiatives are
appearing

Airport fleet vehicles should be addressed
in the first step of free steps

AIRPORT FLEET VEHICLES
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virtual @ vehicle
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https://airportscouncil.org/2024/09/06/the-scoop-on-scope-3-emissions-why-they-matter-and-how-to-address-them/

@

» Specific vehicles like in ARFF (Airport Rescue and Fire
Fighting) have high power and energy demands

» New vehicle concepts/design are needed (battery, fuel cell)

https://www.vecteezy.com/vector-art/6846406-airport-transport-vehicles-set

ThMgt - Fuel Cell Firetruck
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Firetruck 4 Airports virtual@vehicle

Rosenbauer PANTHER

...The Rosenbauer PANTHER is one of the most successful, efficient, and variable ARFF vehicles worldwide...
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https://www.rosenbauer.com/en/at/rosenbauer-world/vehicles/arff-vehicles/panther

virtual @vehicle
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* Close to series concept, In transition to = = == = electric S
series development = _ — . =

Firetruck 4 Airports

Rosenbauer Panther Electric 6x6

« < 21 seconds from 0 to 80 km/h

» Fire water: 9,000 I/min normal pressure
or 400 I/min high pressure

« Up to 100 m throw range

« Battery capacity is tailored to the area of
application

* Integrated energy backup system

(compact Diesel engine) :

Let’s replace ICE
with Fuel Cell for
local zero
emissions
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https://www.rosenbauer.com/de/int/world/fahrzeuge/flughafenloeschfahrzeuge/panther-electric

Fuel Cell System 4 Firetruck virtual @ vehicle

Key data of PEM FC system:

« System Power @ BOL.: 300 kW
« System Efficiency @ BOL.: ~ 60% @ part load & 50% @ full load

« T coolant: 55-70°C Exemplary picture of PEM FC

https://www.evdesignandmanufacturing.com/news/hyzon-motors-announces-milestone-producing-200-kw-single-stack-fuel-cell-system/
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Heat Exchanger 4 FC Firetruck virtual @ vehicle

Development process of Heat Exchanger (HX) model for FC Truck

Identification of Best-in-class ICE HX Characterization of coolant
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Simulation Framework °p

Longitudinal Dynamics

«  6x6 Panther, 40.5 tons GVW AR -
Powertrain 9 g& | Simscape
© m \“ MATLAB
* Fuel Cell System 2x150 kW @ BOL — — — — A\ ULINK
« 900 kW Electric Motors, 220 kW Pump # el fo =<~
* 95 kWh Li-lon NMC battery (2030 scenario) Thermal Control Powertrain Conlrol _ _“f"
- Short/long term C-rate: 10/5 v L=
Energy Management L=
« FC thermal derating control Sl AR L N B =
9 [ ‘—, i -

«  SOC-sustaining control o

High and Low Temperature Cooling Loops
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ThMgt Architecture virtual@vehicle
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Heat Exchanger

Results from HX characterization

* Thermal performance

* Pressure drop air & coolant

Exponential pressure drop increase on air side - limited by required fan power

virtual @vehicle
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Pressure Drop Air Side
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ThMgt Design 4 FC Firetruck virtual @ vehicle

Proposed Design Air In

Air In ll ;/J

/ Air Out

2 x 2kW / =

HV-Fan

>
/ Air Out

_______________________________ ;

A IH Front View \;:\i”n Side View

Engineering Tarqget:

ThMgt design should fulfill 5 scenarios up to 43.3°C T Ambient without (major) derating:
RBI Cycle, RBI Transfer Cycle, NFPA 414, NFPA 1901, Brenner Highway Cycle
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https://30yearspanther.rosenbauer.com/en/everything-on-line/

Driving Cycles virtual @ vehicle
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Brenner Highway Cycle ICAQO Cycle Transfer Cycle
85km, 1h13min >900kW Power Peaks 1000km at 80km/h
574m = 1375m No derating allowed @

T Amb = 43,3°C and 50°C.

without firefighting water

NEPA 414 Cycle:
Minimum energy content valid for ARFF, long-term pump operation for 2h @220kW + driving for 48.3km @88.5km/h

NFPA 1901 Cycle:

Minimum energy content valid for municipal trucks, long-term pump operation for 2.5h @210kW
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Results: RBI Cycle @ 43,3°C T Ambient & EOL virtual @ vehicle
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Results: NFPA 414 Cycle @ 43,3°C T Ambient & EOL virtual @ vehicle
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Results: NFPA 1909 Cycle @ 43,3°C T Ambient & EOL virtual @ vehicle
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Results: Brenner Highway Cycle @ 43,3°C T Ambient & EOL virtual C) vehicle
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Summary virtual @ vehicle

 Different CO,-reduction-initiatives are appearing in EU, requesting zero emission airports

 ARFF vehicles have huge power and energy demands requiring FC-based energy backup systems

« Concept for Rosenbauer Panther Electric: 2x150kW FC and 95 kWh battery (C-rate: 10/5)

« FEC HX size of 1.8mZ2was finally identified with different cycle & scenarios

« Making sure of enough air mass flow with 2x 2kW HV-Fans (no driving wind, HX is in the rear of vehicle)

« Influence of the battery on FC-system and hence on the heat losses is very significant (size and C-rate)

« A good powertrain energy management has huge influence on vehicle performance and thermal design aspects

Testing and optimizing of powertrain With the vehicle simulation

energy management as well as of frameworkt ?/n? thlevva;]S_,tI
thermal components and ThMgt tﬁxperlenCﬁ at virtuar ve 'fC Iel’
strategies can be made only 'S Was Shown successiully
in this project work!

efficiently in simulation!
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