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What will maintenance of new drive concepts cost?
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1 Sources: R. Meissner et al. (2023) Towards climate-neutral aviation: Assessment of maintenance requirements for airborne hydrogen storage and distribution systems. DOI: 10.1016/j.ijhydene.2023.04.058 

T. Hoff et al. (2023) Implementation of Fuel Cells in Aviation from a Maintenance, Repair and Overhaul Perspective. DOI: 10.3390/aerospace10010023

Reliability-based 

Maintenance Assessment
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Reliability assessment of components

A) Failure-driven

𝝀 =
𝟏

𝑴𝑻𝑩𝑭

𝑴𝑻𝑩𝑭 =
𝟏

𝝀

𝒇𝒐𝒓 𝝀 = 𝒄𝒐𝒏𝒔𝒕.
Measurement

B) Performance-driven

Useful Life: Time interval until a limiting state of 

component performance is reached 

Source: DIN EN 13306:2010 – Maintenance terminology   

Failure Rate: Number of failures of an item in a given 

time interval divided by the time interval

Mean Time Between Failure: Statistical expectation of 

the time between failures
MTBF

λ
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Our approach of a reliability-based maintenance analysis

Reliability analysis1 2 3Cost analysis Material cost estimation

Collecting failure rates and 

MTBF values from literature 

and operational data 

Simulating useful lifetimes 

and degradation behavior 

Referencing spare part 

prices from aircraft operation

Applying cost forecasts 

from literature

Establishing a novel 

reliability-based methodology 

for estimating material costs 

due to repair or replacement 

tasks 

Reliability Price 

Material Cost

Interval Cost 

Component

Task
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System architecture 

All-electric drive (AED)

Storage system Distribution system Propulsion system • Battery sizing results in unfeasible system 

mass for AED configuration

Layout for a battery-powered A320 equivalent drive train 

Hybrid-electric drive (HED)

Storage system Distribution system Propulsion system

Key aspects

• Parallel HED allows additional usage of 

electric motors and results in a 

manageable battery mass
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Material scope – All-electric system

Comparison of material cost for a battery-powered A320 equivalent drive train

• Battery cells are responsible for 94% of the 

material cost due to their enormous number 

and strong degradation effects

Expected impact

• Components of the propulsion system have 

only a minor impact due to reliable and cost-

effective electric motors
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Estimating the useful lifetime of the battery cells

Applying a semi-empirical degradation model1

80% capacity

a) Operating temperature

→ Lever: Powerful cooling system

Useful lifetime is highly dependent on

1 Model: J. Schmalstieg et al. (2014) A holistic aging model for Li(NiMnCo)O2 based 18650 lithium-ion batteries. DOI: 10.1016/j.jpowsour.2014.02.012

M. Clarke et al. (2021) Lithium–Ion Battery Modeling for Aerospace Applications. DOI: 10.2514/1.C036209

b) Depth of discharge

→ Lever: Battery over-sizing, hybridization

8
Jan-Alexander Wolf, German Aerospace Center (DLR)

https://www.sciencedirect.com/science/article/pii/S0378775314001876
https://arc.aiaa.org/doi/10.2514/1.C036209


Material scope – Hybrid-electric system 

Comparison of material cost for a battery-powered A320 equivalent drive train

• 85% lower battery cost compared to all-

electric drive train due to a smaller system 

and less degradation 1

Expected impact

1: Assuming battery usage mainly during taxi and takeoff

• 11% lower engine cost compared to 

conventional drive train due to hybridization 

and less engine load 2

2: Assuming 10% degree of hybridization during takeoff9
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Main findings

Material cost for a fully-battery powered A320-equivalent is expected to increase by 163% 

compared to the conventional configuration

Not economically and technologically viable

Cost of a hybrid-electric version is expected to increase by 26% without a major increase 

in battery mass

Economical and technological potential for a quicker market entry

Battery cells show to be one of the greatest cost drivers and cost-optimizing decisions 

should focus on their design and operation 

Over-sizing by a certain reserve capacity and low operating temperature
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