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Background

Transforming the Textile Sector: 
From Linear to Circular

▪ Durability → longer use
→ feedback into design

▪ Recycled materials → material 
flowsback into the system

▪ Digital Product Passport (DPP) → 
continuous information coupling

=>  Transformation of linear value 
creation into circular systems

Added process and supply chain complexity

▪ van den Adel et al. (2021): „... non-linear 
and complex interdependencies among 
all organizations that collectively form a 
supply network.”

▪ Kazancoglu et al. (2020): Circular 
economy turns textile supply chains into 
circular supply chains - adding reverse 
flows, life-cycle responsibility, and new 
coordination requirements.

Resilience Engineering ...

▪ Tortorella et al. (2025): “Resilience 
allows SCs to anticipate, adapt, 
respond, and recover promptly from 
unexpected disruptions...”

... embedded in Fundamental 
Paradigms of German Work Research

▪ Humanization of Work
▪ Sociotechnical Design
▪ Innovation and Competitiveness



FRAM within RETRAKT: objectives and challenges
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▪ Systematically surface 
and assess resilience

▪ Align with compliance 
requirements

▪ Ensure proper opportunities for 
participation in modelling and 
evaluating processes

▪ Clarify training needs and set 
appropriate expectations

▪ Use FRAM as an 
analytical method 
within an intervention 
design for circular 
transformation
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Workshops I-III: modeling and improving a process using FRAM

No. Phase
Duration

WS I, II 
(min)

Duration

WS III 
(min)

1 Welcome, introduction, and agenda 20 10
2 Introduction to FRAM 15 20
3 Introduction to FMV software 20 10
4 Task I „Cup Noodles“ 30 30
5 Plenary reflection and sample mode 20 20

Break 10 05
6 Introduction to Resilience Engineering 15 15
7 Task II „RE for Cup Noodles“

▪ 7.1 Instruction

▪ 7.2 Teamwork

▪ 7.3 Plenary reflection

70(+10)

10(+20)

30

10

60

05

45

10
8 Final workshop discussion 25(+5) 10

Total 240 180

Workshops I & II on 10 December 2025 (N=22) and 10 January 2026 (N=12) at FOM 
Cologne; Workshop III on 11 March 2026 at the GfA Spring Conference in Kassel 
(N=11). Total: N=45. Red: instruction time, Green: task time

pictures: FOM

WS I-II
Part-time FOM 
students with 
vocational 
qualifications and 
work experience

WS III
Researchers and 
practitioners in 
work science and 
ergonomics
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Task I: Model-building input (in total 9 slides)
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Task I: Building a FRAM-model for Cup Noodles

1. Reißen Sie die Packung am Deckel zur Hälfte auf.

2. Füllen Sie kochendes Wasser in die Packung bis zur 

Markierung an der Innenseite der Packung.

3. Klappen Sie den Deckel herunter und beschweren Sie ihn 

mit einem Paar Essstäbchen oder einer leichten Platte.

4. Warten Sie geduldig für 2-3 Minuten, dann rühren Sie die 

Nudeln mit den Essstäbchen gut um.

5. Genießen Sie Ihre Nudeln!
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Models from all groups (Cologne I,  II,  Kassel,  left to right)
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Task II: Resilience Engineering revised input (6 slides)

Thesis: resilience can be 
meaningfully addressed at 
the level of the individual 
function (Steen & Ferreira, 
2020; Bueno et al., 2021)
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Part II: Resilience Engineering example

Aspect 
level

Function 
level

grill 
sausages

a bus arrives sudden 
weather 
change

new type of 
sausage

...

grill sausages

t

Anticipate customer demand 
at time ti 

grill sausages

c

Type-specific 
browning pattern

grill sausagesUse an additional 
indirect heat zone

r

discuss the 
day

Reflect on the course of the 
day after closing

p

i o
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Task II: Resilience Engineering worksheet

Interview statements for functions 1-8 + 1 new function, 
e.g.: F1 – Read the instructions:

▪ “To be honest, I have never read the instructions.”
▪ “The first time, yes — after that, you do it from memory.”
▪ “The package is usually not positioned in a way that makes you 

read it.”

1. Compare the statements with the WAI FRAM

2. Reflect on and discuss:

▪ Which functions show variability?
▪ Where might functional couplings arise?
▪ Where is variability compensated for by people?
▪ Do you see any starting points for strengthening the 

resilience of the process?

3. Record your group’s results in the questionnaire on your desktop



Strengthening Resilience: answers to question no. 4

WS II (Cologne)
▪ Read the instructions
▪ Adapt the packaging design (marking, lid, cup 

colour changes over time)
▪ Keep-warm function
▪ No distractions
▪ Provide utensils

WS III (Kassel)
▪ Short version of the operating instructions
▪ Pictograms
▪ Thermos flask
▪ Recommendation for a kettle with scalable temperatures 

and quantities (e.g. Caso hot water dispenser)
▪ Simplify the instructions
▪ Instructions on the lid
▪ Include a small spoon in the package
▪ Heat measurement (QR code video cooking tutorial)
▪ Insulation of the packaging
▪ Facilitate monitoring through an illustration
▪ Be prepared for possible disturbances
▪ Use previous experience as a guide (e.g. time of day: when 

the kettle is not being used by flatmates)

▪ Participants identified relevant 
points for process resilience

▪ WS III produced a broader and 
more detailed set of 
suggestions, while WS II 
included fewer but still relevant 
resilience-oriented ideas
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Overall results

▪ Integration of the findings into the model was not required and did not happen
▪ Some guidance during group work took place

Modelling Performance Resilience Engineering Performance

Rating levels
0: No model or serious deficiencies
1: Model with weaknesses
2: Model with no errors or only minor errors

Colors
green: WS I
white: WS II
yellow: WS III

Symbols
-: none or wrong
~: some
+: most or all
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Our current concept

2 German 
Textile Manufacturers

Externals + 
Internal Method 
Expert

Small FRAM-
Model(s)

Facilitated Resilience 
Engineering Workshop(s)

▪ Dynamic EU circular 
economy compliance 
Requirements

▪ Process Screening Tool

▪ Lead 
Questions

Lessons learned:
1: use small FRAM modells
2: res. eng. workshops with stakeholders
3: facilitate the workshop
4: integrate formally into FRAM later 

1
2

34



Thank you very much for your attention!

FOM Hochschule

iaim Institute of Automation & Industrial Management

Prof. Dr. Thomas Mühlbradt

Dennewartstraße 25
52068 Aachen, Germany
thomas.muehlbradt@fom.de 

The RETRAKT project is funded under the ‘Future of Work’ programme by the Federal 
Ministry of Research, Technology and Space (BMFTR) and the European Union through 
the European Social Fund Plus (ESF Plus), and is managed by the Project Management 
Agency Karlsruhe (PTKA).

retrakt.de

mailto:thomas.muehlbradt@fom.de
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