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Institute for Ecological Economy Research 
(IÖW)

– Founded in 1985 by concerned scientists

– A leading scientific institute in the field of 

sustainability research

– Objective: to devise concepts and 

strategies for a transition towards a more 

sustainable future, with special focus on 

economy

– Private, independent, and not-for-profit

– 100 % project-related third-party funds, 

no institutional funding

– About 700 completed research projects
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KreislaufAkkus - Efficiency and Life Cycle 
Potentials of Battery Systems in E-Mobility

– Comparative analysis of battery systems in e-mobility with 

focus on the comparison of fully integrated battery systems 

to swappable batteries

– Supported by: Federal Ministry for Economic Affairs and 

Climate Action (BMWK) 

– Period: April 2022 – June 2024

– Cooperation Partners:

– Associated Partners: 

&
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Core Aspects of KreislaufAkkus

WP 1: Status Quo

WP 2: Applications

and Vehicle Types

WP 3: Impact 

Analysis

WP 4: Assessment
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User Acceptance Survey 
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Sample

• Online survey; conducted by a market research institute

• 2-phase process: Oct. 2023 → pre-test; Nov. 2023 → main study

• Approx. 1,900 cases in the cleaned sample of the main study

• Quota restrictions

• Representative in age, gender, income, and education (only significant deviation)

• Individuals who could i imagine buying a car in the future

• 4 main groups, categorized at the beginning of the survey:

• BEV owners/drivers (~16 % of final sample)

• BEV considerers(~40 % of final sample)

• Internal combustion engine (ICE) considerers (~31 % of final sample)

• BEV rejecters (~13 % of final sample – subgroup of ICE-interested individuals)



User Acceptance
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WTP – Willingness to Pay
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Willingness to Pay according to DCE

Attribute A: BEV owners
B: BEV 

considerers

C: Car 

considerers

D: BEV 

rejecters

Base value

fixed battery
73.18 58.51 - 15.56 - 49.69 

Base value

swappable

battery

95.61 95.97 41.15 18.36 

Range 12.29 10.98 13.53 12.27 

Accessibility - 8.75 - 12.81 - 12.59 - 10.28 

Charging time - 1.95 - 1.24 - 0.62 - 0.06 

Swapping time - 3.30 - 6.57 - 14.11 - 12.94 

Fee -0,02 -0,024 -0,022 -0,019 
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Motivation
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Where do the biggest impacts come from: charging infrastructure, batteries, electricity for fleet etc.?

What are the 

impacts of 

swapping 

compared to 

charging on CO2

emissions?

How can we 

ecologically evaluate 

secondary effects 

like aging and grid 

interaction?

A viable option for the mobility system?
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1 Image by A. Krebs from Pixabay; 2 Copyright by bfishadow under Creative Commons 2.0 license. Available under

Public license at https://www.flickr.com/photos/bfishadow/51359063710/
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Methodology
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Life Cycle Assessment (LCA)

Source: Golisano Institute for Sustainability

4 Stages – iterative process

1. What is the aim of the study? Which 

functions and boundaries to consider? 

2. Which flows to/from the environment 

does the system exhibit

3. What are the impacts of the system?

4. What are the implications of the results? 

How to improve the LCA?
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Goal & Scope

Scenarios Overview
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2023 scenarios:

1. Only charging: Mobility demand of 

1000 BEVs met by current 

infrastructure

2. Only swapping: Mobility demand of 

1000 BEVs met assuming BSS at 

sites of gas station

3. Mix: Mobility demand of 1000 BEVs 

met assuming BSS and current 

infrastructure

How could public 

charging develop in the 

future (CS + BSS)?
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Table 7.21: Infrastructure comparison of examined scenarios

Source: Own calculation and representation by IÖW; Necessary infrastructure to 

meet mobility demand

Infrastructure Only BSS Only CD (Ref.) Mix

DC 350 kW 4 1

DC 150 kW 3 1

AC 22 kW 53 27

AC 11 kW (public) 16 8

AC 11 kW (private) 689 552

BSS (30 Bat.) 2 0 1



Goal & Scope

Scenarios Overview

Influences to evaluate:

• Infrastructure 

• Number of BSS

• Influence of use phase (average emissions 

factor for fleet)
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• 1,000 cars 

• 4 most common EV models: 

bat. cap.; consumption etc. 

• 2 types of LIB (LFP, NMC)

• Additional materials & 

batteries for swapping

• 4 chargers (11 kW, 22 kW, 

150 kW, 350 kW)

• 1 BSS-type to compare

• Excluding substation

• Annual mileage ~14,000 km

• Consumption incl. add. mat.

• Efficiency of charging 

equipment
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Goal & Scope
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Scenarios Overview

System: 

• Fleet  

• Focus: embodied emission & 

emissions from use phase

• From substation to mobility behavior

Charging 

infrastructure

Batteries & 

Additional 

Materials

Consumpt

ion and 

mobility 

behavior
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Results

– Integrated and swappable batteries 

show similar emissions and resource 

requirements.

– Production and usage phases are the 

main drivers of emissions and 

resource consumption.

– Swappable battery technology offers 

potential through smaller, demand-

oriented batteries.

– The greatest lever in the usage 

phase is the electricity source.
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Thank you

Jan Wiesenthal

IÖW – Institute for Ecological

Economy Research, Berlin

jan.wiesenthal@ioew.de
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