Saving Energy in Public Transport
Vehicle Pools by Continuous
Operation Data Analysis
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Linz AG Linien: Transport network
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Linz AG Linien: Fleet

- Street trams
— 33 trams ,,Cityrunner 1% (2002-2009)
— 29 trams ,Cityrunner 2" (2011-2016)

» Historic mountain tram
— 4 trams

» Busses
— 12 busses hybrid 12m
— 76 busses hybrid 18m
— 20 trolley busses
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VanHool Equi.City 24 Trolleybus

- Technical Specifications
Length: 24.6m

Width: 2.55m

Curb weight: ca. 24.000 kg
Max. total weight: 36.500 kg
Doors: 4

Axles [/ Tyres: 4 / 12

Total capacity: 180
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Boundary Conditions / Targets

1.250.000km annual distance driven by LINZ AG trolley-
bus fleet

Related electric energy consumption: 3.975.000 kWh

This means significant costs and
equivalent CO2 emissions

Target: 15% reduction of energy consumption
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Project Mission

Reduce energy consumption and emissions
in public transportation

Derive

Collect data Analyse improvements
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Magna Drivelnsights

- Super small and flexible IoT device to access CAN
bus

- In-vehicle HMI for controlling vehicle parameters and
real-time visualization of vehicle states

- Log CAN data of any vehicle type to the cloud

- Comprehensive online dashboard to analyze
collected data and trips

 Rollout to new vehicle types within minutes
- QOver-the-air-update capable
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Magna Drivelnsights M MAGNA

Web App (in vehicle)

Vehicle
Controller
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Cloud connection
(via cellular network or WiFi)
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Sample Data of Trolley Bus

Vehicle Speed Ab less than a minute ago ()
Vehicle I
speed -
J I
Acc and Brake Pedal Pos Ab less than a minute aga ()
Accelerator and . -
brake pedal . .
pOSItlon | (L ) ) T IJLL.J J..L--|. AL [l | {1 VI
Doors Status Ab less than a minute ago ()
Doors status -

=& OpenStatusOfDoor1
=& OpenStatusOfDoor4

=+ OpenStatusOfDoor2

- OpenStatusOfDoor3

Energy Ab less than a minute ago ()
I
3 2916422 I
= |
1
I
0 2 o 1 1 [ & 20 22 24 26
[kWh]
@ BrakingREnergy ® HeatingEnergy
@ NetEnergyConsumption @ NetEnergyFeedback
12
Temperature Ab less than a minute aga ()

T mﬁm
¥ [omm TR TR e e ——— —= U L) S—
——— T TR 1
10
10:50 105 " 11:05 1100
-# Deviceld _dr ights_test:AmbientAirTemp
~#- Deviceld:magna_driveinsights_test:CabinDriver
e
Brake Pressure Ab less than a minute ago f_)
200
WESD 10:55 11:00 11:05 11:10

- BrkAppPrssHghRngFrntAxlLeftWheel
- BrkAppPrssHghRngRrAxl1RightWheel
== BrkAppPrssHghRngRrAxle1LeftWheel

~+- BrkAppPrssHghRngFrntAxIRghtWheel
-4~ BrkAppPrssHghRngRrAxI2RightWheel
-8~ BrkAppPrssHghRngRrAxle2LeftWheel
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Currently Available Sensor Data A MAGNA

InteriorTempTrailer2

InteriorTempTrailerl AmbientAirTemp

InteriorTempTractor

InteriorTempDriver

Energy Balance: OpenStatusOfDoor4

. NetEnergyConsumption OpenStatusOfDoor3
. NetEnergyFeedback

. TractionEnergyConsumption
*  TractionEnergyFeedback OpenStatusOfDoor1
. BrakingREnergy

. VariousEnergy (Auxiliaries)

OpenStatusOfDoor2

N (Image Source:

. VanHool Webpage)
Driver:
. AccelPedalPos1

HVAC System: Battery: *  BrakePedalPos
*  HeatingEnergy *  TractionBatteryDischargedEnergy *  TachographVehicleSpeed
. ClimatisationEnergy . TractionBatteryChargedEnergy . HighResolutionTripDistance
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Thermal Modelling Approach

Technical Data

BOB0mm

2110mm

B23mm

030mm I

Width: 2550mm
— assurmption eff.  2150mm

3300rnm

(Image Source:
VanHool Webpage)

7680mm
*  Driver

G220mm

Trailer 2 (Cabin)

+  Volume: 29.8m*
+  Surface: 75.3m*
*  Windows: 15.2m*

. Seats: 18
*  DoorA: 29m*

Trailer 2
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3x KULI simple
cabin model
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Trailer 1 (Cabin)

+  Volume: 32.9m*
+  Surface: 70.1m*
*  Windows: 10.8m*

«  Seals: 16
+«  DoorA: 2.9m%

Trailer 1

v

e it e S

T 1900mm

Tractor (Cabin)

+  Volume: 41.2m*
+  Surface: 87.7m*
+«  Windows: 15.8m*

+«  Seats: 17
+« DoorA: 5.8m*

Tractor

>

o Ama[20 m* }.a%",. Si
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Thermal Model (Details) 2 MAGNA
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Calibration Results (Live Cycle Data)

Energy [kWh]

A

Heating Energy Consumption

Simulation

Time [s]

[

20

15

10

4 Temperature
[°C]

Tractor Temperatures

Simulation (Air Temperature)
Simulation (Cabin Masses)

(Remark: Ambient T ~5°C)

Time [s]

»
|

1000 2000 3000 4000

Good match of heating power
Challenge: Low resolution sensor data

»

55000

15

1000 2000 3000 4000 5000

Good match of temperature levels
Challenge: Low resolution sensor data
Challenge: Sensor position leads to latency
Challenge: Impact of passengers

LINZ AG
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Analysis: Door-Opening Effects 2 MAGNA

A
open -} | Door Open Status | . - , _ A
Heating Energy
Energy
[kWh] 23160
poord >30kW !
Door 3
Closed l ‘ | o 23145
1000 2000 300( Time [s]
/ = 4 T Tractor '

All doors open for 4min . ’ " Timels]
[

. Significantly increased
/ heating requirements during
“all doors open” phase.

10

5 Temperature drop

pgperatre in passenger area Time [s}

[
|
1000 2000 3000 4000 5000 6000
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Improvements: Energy Saving Potentials

1 Temperature Tractor Temperatures

[°C]

-25% Heating Variant

Time [s]

B
»

« 25% reduction of heating energy leads to
« 4K lower cabin temperature (15°C)

17

4 Heating Energy Consumption
| Energy [kWh]
-25% Heating Variant l
- 25%
Time [s]

»
»

This means ~10% total energy savings
(actual benefit for investigated standard
cycle operation)
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Powertrain Modelling

» Scenario
— 50 passengers - 4000 kg load
— Energy demand modelling based
on speed profile and derivation of
speed
« Input
— Pedal positions
— Vehicle speed

- Goal
— Powertrain model validation

M MAGNA
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Powertrain: Recuperation AMAGNA

Meawestonpower LTI TR

estimation
— Driving resistance calculation

-200

Recuperation Power

| | | | | | | |
0 200 400 600 800 1000 1200 1400 1600 1800

+ Results
. 3 0 H_ ’ T 1
— Potential of ~9kWh for : i‘““x L
recuperation energy S s T
— Overhead electrical supply can ¢ oty B
Only take ZkWh -100 2(I)0 4(I)0 6(|)0 8(I)0 1OI00 12|00 14I00 16|00 1800
Number
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Improvements: Optimization Potential

Brake energy utilization

~ /5% of brake energy cannot be fed into overhead power
supply

Use onboard battery for recuperation
Adapt charging strategy and battery size
Driver training

Analysis of driving behavior and train for adaption to bus
characteristics

Live view of energy consumption and improvement potential
Transparent cause-effect analysis during driving

Date: April 23
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Future Potential

Improve efficiency with real-time monitoring to
optimize routes
promote energy efficiency
reduce carbon emissions
prevent breakdowns and
reduce maintenance costs

Reduce cost: Cloud-based data analysis is more cost-effective compared to
traditional on-premise methods

Enhance safety by detecting unsafe driving practices to reduce accidents

Contribute to smart mobility initiatives, improve public transportation
efficiency, sustainability and user experience

Governments mandate telematics devices to monitor and report on public
transportation vehicle performance
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