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Decision-making: what bus system to go for? 6. ebusplan
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Analyse technical feasibility Total cost of Emissions reduction
including evaluation of operational adjustments ownership (TCO) potential

" No. of vehicles (PVR) Vehicle procurement
- Required infrastructure
. : Infrastructure costs
Infrastructure - Additional operating
SR expenses _
Operating costs w

Personnel costs

Operations
planning

Technical design

Cost / benefit evaluation of all config.s & options

l Selection of technologies

and definition of build-out target
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Software-based Planning Process
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Optimization of
vehicle schedules
(bus runs and
charging
schedules)
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Specific cost Potential char-
ging locations

Simulation of all
trips
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R&D in the field of electric buses for more than 10 years
Leader in simulation and optimization for system design and operations
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Aim of the software-based planning approach (consultancy + software):
Design electric bus systems concretely and specifically to the local requirements
Make transparent the consequences of technology choice for the person in charge and other

stakeholders
Translate between technics and operations planning and bring both together to find the best solution
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Aim of the software-based planning approach (consultancy + software):
Design electric bus systems concretely and specifically to the local requirements
Make transparent the consequences of technology choice for the person in charge and other

stakeholders
Translate between technics and operations planning and bring both together to find the best solution

In the following, 2 aspects will be discussed:
What effects does technology choice have on operations?

Example: Efficiency of operations
(bus runs, vehicle scheduling))

What effects do the requirements of operations have on technology?
Example 1: Existing catenary system - expand electric operation
Example 2: Greenfield site planning - Identify potential catenary lines

Requirements of Operations
- Technology
6
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m  Aim of the software-based planning approach (consultancy + software):
o Design electric bus systems concretely and specifically to the local requirements

0 Make transparent the consequences of technology choice for the person in charge and other
stakeholders

o Translate between technics and operations planning and bring both together to find the best solution
= In the following, 2 aspects will be discussed:

~ What effects does technology choice have on operations? Technology Choice
= Example: Efficiency of operations - Operations

(bus runs, vehicle scheduling))

0 What effects do the requirements of operations have on technology?
= Example 1: Existing catenary system - expand electric operation Requirements of Operations
= Example 2: Greenfield site planning = Identify potential catenary lines

- Technology
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Effects of Technology Choice

on

Bus runs need to be planned according to

Operations

technical constraints

Bus 4 Bus 3 Bus 2 Bus 1

Bus 5

Energy consumption
Available battery capacity (range)

Available charging power (charging duration)

Location of charging opportunities

A\ Depot charging
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Time [h]
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Bus 4 Bus 3 Bus 2 Bus 1

Bus 1

Bus 2

Bus 4 Bus 3
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Diesel bus & fuel cell hybrid
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Effects of Technology Choice
on Operations
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Larger battery

00:00:00

06:00:00 12:00:00

Larger battery 5 Longer bus runs > Fewer vehicles required _
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Effects of Technology Choice

on Operations

Same battery capacities but different charging power at depot:

150 kW
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m  Aim of the software-based planning approach (consultancy + software):
o Design electric bus systems concretely and specifically to the local requirements

0 Make transparent the consequences of technology choice for the person in charge and other
stakeholders

o Translate between technics and operations planning and bring both together to find the best solution

m In the following, 2 aspects will be discussed:
o What effects does technology choice have on operations?

= Example: Efficiency of operations
(bus runs, vehicle scheduling))

- What effects do the requirements of operations have on technology?
= Example 1: Existing catenary system > expand electric operation Requirements of Operations
= Example 2: Greenfield planning - Identify potential catenary lines

- Technology
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Expand electric operation Requirements of Operations
with existing catenary system > Technology
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Simulation of operations
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Expand electric operation
with existing catenary system

Requirements of Operations
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-> Technology

L7 sALZBURG*

Simulation of operations
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Expand electric operation

Requirements of Operations
with existing catenary system > Technology

Evaluation of Battery Strain and Lifetime Prediction
Breakdown of annual energy throughput
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“Greenfield” plannin

g Requirements of Operations
Identify Potential Catenary Tracks - Technology

Evaluation of the frequency of each route section:
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o X trips per day
/\ — (onaverage andin
' both directions)

B 70<x<200
B 200 < x <400
B 200<x<650
B 550 <x




“Greenfield” plannin

g Requirements of Operations
Identify Potential Catenary Tracks - Technology
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Evaluation of the frequency of each route section:

X trips per day
(on average and in
both directions)

B 200 < x <400
B 200<x<650
B 550 <x
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Neglect sections below ... trips per day.
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|dentify Potential Catenary Tracks

Greenfield” planning Requirements of Operations

-> Technology
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Evaluation of the frequency of each route section:
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Neglect sections below ... trips per day.

Reduction:

Exclude bus lines with insufficient time /
distance under catenary.

Re-evaluate frequencies of each route
section.



“Greenfield” planning Requirements of Operations
Identify Potential Catenary Tracks ~> Technology
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Evaluation of the frequency of each route section: (iterative procedure)

X trips per day - Neglect sections below ... trips per day.
(on average and in
both directions) Reduction:
Exclude bus lines with insufficient time /
distance under catenary.
B 200 <x <400 _
Re-evaluate frequencies of each route
B 200<x<650 section
B 650 <x Continue at 1. until no further reduction

"Short List" contains "self-sustaining"
sections and bus lines
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Wrap Up and Conclusion « ebusplan
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A sustainable decision requires
An analysis of operations and local-specific preconditions
Quantification of impact of each technology on operations (PVR, deadheading, driver time, infrastructure)

Software makes complexity manageable
Analyse operations and identify potential charging locations
Model operations, determine energy consumption, determine load profiles (e.g. battery strain)

Optimize vehicle schedules (PVR) for each electric bus concept and for different infrastructure scenarios
Optimize charging schedules (no. of chargers)

Calculate many different scenarios to make transparent the different interdependencies

Expert advice - www.ebusplan.com
Software - www.strategie-e.de

StrategieE

ELEKTROBUSSE EINFACH PLAMEN Project Supported by:



http://www.ebusplan.com/
http://www.strategie-e.de/
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Our Consultancy Services
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WORKSHOPS AND
SEMINARS

Kick-start into the topic
,Electric Buses®;
Public seminars;
Individual seminars on
selected topics

Philipp Sinhuber

FEASIBILITY STUDIES

Compare all vehicle & charging
concepts considering their
implications for operations;
Derive concrete path for
changeover of the entire fleet

ELECTRIFICATION
CONCEPTS

Reliable and cost-optimized
electrification concepts
including specs;

Bus garage charging
infrastructure planning

& ebusplan
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SUPPORT
IMPLEMENTATION

Funding opportunities;
Specs, procurement and
offer evaluation;
Monitoring, evaluation and
optimization of operation

21


https://www.hdt.de/elektromobilitaet-im-oepnv-seminar-h010097327

Charger Optimization and Load
Management (Smart Charging)

Scenario Bus type Charging power | No. of buses Service mileage | Deadheading No. of chargers | No. of chargers
no. (PVR) optlmlzed

.. (18m, 320 kWh)

No. of Buses

80

60

40

20

150 kW

Requirements of Operations

-> Technology

15,849 km

Standing in Depot (after driving)

Charging (Not Optimized)
Charging (Optimized)

3,379 km
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12 14 16 18
Time (hour of the day)



