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1. Introduction: 
UAM envisions a future by air taxis / eVTOLs

How can UAM ensure safe and reliable flight operations?

➢ “Plan B" incorporates:

• Emergency situations 

• Holding procedures

• Alternative routes / diversion

• Alternative landing sites

➢ Backbone: Powertrain system of eVTOLs

1. What is the realistic energy demand for an eVTOL in 

dynamic urban scenarios?

2. What should be the minimum energy reserve for an urban 

mission considering non-nominal scenarios?
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Contingency procedures 

Aim of this research: 
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1. Introduction: 
Focus of PhD topic
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2. State-of-the-Art:
eVTOL Aircraft

(3)

Multicopter / quadcopter

Operational Range 

100 km

(5, 6)Airport Shuttle
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2. State-of-the-Art:
Exemplary Calculation: Energy Demand for eVTOLs

Energy demand during hover:

Energy demand during cruise:

Tip speed ratio: 

Profile power:

Induced power, hover:

Induced power, cruise:

Parasite power, cruise:

Energy Capacity

Cell discharge rate: 

(7)
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2. State-of-the-Art:
UAM Concept of Operation

Aim of this project

➢Demonstration of U-space services and solutions 

could support UAM flight operations

Duration: 01/2021 – 04/2023

SESAR-project: 

CORUS-XUAM

This project has received funding from the SESAR Joint Undertaking under the European Union’s Horizon 2020 research and innovation programme under grant agreement No 101017682.
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2. State-of-the-Art:
Regulatory framework for UAM

8

EASA – UAM Operation

• MOC-SC-VTOL

• NPA 2022-06

• Opinion No 03/2023

➢No regulations exist yet for the minimum energy reserve for eVTOLs
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2. State-of-the-Art:
Managing Range and Endurance by GAMA
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2. State-of-the-Art:
Multi-Agent Cooperative Path Planning via Model Predictive Control
ICNS Conference – 23.04.24 – Track 2 – Operational Efficiency I
C. Kallies, S. Gasche, R. Karasek
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3. Methodology:
Conceptual Design Process &
Trajectory Based Energy Demand Analysis
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Previous work Current work

N. Hagag, F. Jäger, “Evaluation of the Technical Value of Powertrain Systems to Enable Safe Performance-based Flight 

Guidance for Urban Air Mobility,” in 2023 IEEE/AIAA 42nd Digital Avionics Systems Conference (DASC). IEEE, 2023, 
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3. Methodology:
Use Case - Frankfurt Airport Shuttle

Frankfurt Airport

Terminal 2

Frankfurt trade fair

Hall 4

Assumed

Safety buffer

50 m

Minimum height

100 m

&

all relevant 

buildings in the area

14

• 30 m obstacle buffer

• 10 m navigation accuracy buffer

• 10 m wind effect buffer

492 ft150 m ≈

≈
164 ft

≈ 328 ft
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3. Methodology:
Selected Vehicle
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(5, 6)
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3. Methodology:
Selected Scenarios
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V Target vertiport

No-Fly Zone (Hospital)

V Blocked target vertiport

SID / STAR for 
conventional aircraft

Nominal flight route (REF)

Alternative vertiportV

V
Moving Obstacle (Helicopter)
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4. Key Results:
Energy Demand Analysis

150 m

492 ft≈
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5. Discussion
Limitations

➢ Linear models for Energy demand analysis

➢ Environmental factors are not considered like: 

• wind 

• air temperature

➢ Vehicle parameters are approximated, 

lacking empirical validation such as: 

• weight

• inertia tensor

• propeller performance

➢Battery model's validity is affected by factors 

impacting energy demand model results like: 

• ambient temperature

• cell aging
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5. Conclusion & Outlook
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• Brief stopover procedure consume ~ 1 kWh 

• Hovering phase demand more energy ~ 3.64 kWh/min

• Climb phase was observed to require ~ 10 % more energy than decent phase

Specific energy density, energy demand, and powertrain efficiency are crucial factors for 
path planning for eVTOLs

Key 

Findings

• Environmental factors

• Impact of State of Health

• Impact on Battery Temperature

Outlook

(11)

• New battery technologies

• Energy-effienct path planning algorithm 

• Calculation of other vehicle configurations

• other powertrain systems

• other performance models

• Different flight mission profiles (10)
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Thank you for your attention
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Questions?
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