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• Design projects in Mistra REES – Resource-
Efficient and Effective Solutions based on circular 
economy thinking (2015-23) Mistra (89 MSEK) 
(DIA. 2014/16)

• Scandere – Scaling up a circular economy 
business model by new design, leaner 
remanufacturing, and automated material 
recycling technologies (2022-25), EU-cofounded 
ERA MIN (1.3 M€) (101003575 — ERA-MIN3)

• Circ€uit – Circular European Economy Innovative 
Training Network (2016-20), EU Horizon 2020  (4 
M€) (No. 721909)

• RE:think - Rethink and improve product design 
and service cost for circular economy business 
models (2022-25), Energy agency (4 MSEK) (No. 
P2022-00342 )

• Adapt2030 - Adaptive lifecycle design by applying 
digitalization and AI techniques to production 
(2020-23), VINNOVA (9 MSEK) (No. 2019-05589)

• Vice leader for WASP cluster Manufacturing & 
Process Control (2022 and onward), WASP 
(Wallenberg AI, Autonomous Systems and 
Software Program)
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Our industry partners (examples)
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(Lodefalk, Servicification of manufacturing – evidence from Sweden, 2013)
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Product/Service System (PSS)
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PSS is “tangible products and intangible services 
designed and combined so that they jointly are 
capable of fulfilling specific customer needs”.

(Tischner et al., 2002)

SP SP

Product Service PSS

Mutual dependency and 
interaction

www.siemens.comwww.siemens.com
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Providing Product-as-a-Service vs selling product
6

Adapted from (Baines et al., Proc. IMechE, 221 Part B, 2007)
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See more information in Sakao 2022 (IEEE EMR)
https://ieeexplore.ieee.org/document/9712441

https://ieeexplore.ieee.org/document/9712441


Product-as-a-Service in EU policies for circular economy
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CE Action Plan 2020

Scandere’s topic Scandere’s overarching topic

European Commission, 2020.

EC JRC, 2022. Towards a green and digital future - Key requirements 
for successful twin transitions in the European Union.
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Product-as-a-Service examples

8

https://shop.aircon.panasonic.eu/en_IE/home/service_package

https://www.electroluxgroup.com/en/vacuum-as-a-service-electrolux-
trials-new-subscription-based-business-models-29880/

https://www.bluemovement.com/de-de

https://www.volvocars.com/se/care-by-volvo/

Subscription from
Ca 400 €/month

https://global.toyota/jp/newsroom/corporat
e/38377568.html

Vacuum-as-a-service by Electrolux

https://www.volvocars.com/se/care-by-volvo/
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Magnitudes of trapped value of …

Trapped value over the next decade (E. Schaeffer, Industry X.0, 2017)
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2010
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Principles of PSS design – Seven I’s
11

• Integrative – integration between products 
and services. Using interplay, 
interdependence and interference between 
products and services.

• Information driven – taking advantage of 
availability of data/information of different 
phases of the product lifecycle (esp. use 
phase).

• Intelligent – designing builds upon business 
intelligence (not only AI).

• Interactive – referring to not only interaction 
between products and services but also that 
between PSSs and users.

• Inclusive – including other (new) actors 
involved in the system.

• Indefinite – reflecting the uncertainty, an 
inherent characteristic of PSS. Evolving 
design.

• Innovative – this is what we often want.

Sakao 2022 (IEEE EMR)
https://ieeexplore.ieee.org/document/9712441

https://ieeexplore.ieee.org/document/9712441
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2022

:
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Servitization-digitalization transformation framework

(Lerch et al., 2015)
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An example PSS development with gas turbines

A case of Siemens Energy from (Brissaud et al., 2022)

• Traditional aftermarket services, e.g., spare part provision, training, upgrades, diagnostics 
& repair. 

• 1980s: Initiated service-based solutions for higher customer value, e.g., uptime, 
improved output, and hassle-free operation. 
– More critical in operation (used more extensively), more requirements for maintenance. 

– Calendar-based maintenance. 

• Around 2010: Introduced condition-based maintenance (CBM)

– Steep learning on risks (safety as a major driver). Needs on cost savings. 

– Revenue: equal from turbines and services.
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An example PSS development with telecom systems

A case of Ericsson adjusted from (Elfving et al., 2013)
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Service design trap

(Sakao, Neramballi, Matschewsky. Avoid service design trap by guiding product/service system design 
with product-service dependency knowledge base, 17th Intl. Design Conf. 2022)

A phenomenon where the 
ability of service designers 
over an extended timespan is 
restricted due to the 
constraints set by the frozen 
product design during the use 
phase.
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Why service design trap occurrs?
Possible time windows to design product, software and service

Design UseProduct 

Service Production & UseDesign

TimeStart of use

Design Use
Software 

(e.g., embedded 
software, digital 

service)

Start of design

Production

Production
Production (of spares)

Design & Pro-
duction

Design

Note: This figure is simplified, as concurrent design and production of products is not an issue here. 

The higher flexibility on 
the temporal dimension 
on service design is often 
not optimally used in 
practice. 
In practice, too many or 
too few decisions are 
made for the service 
design at the end of 
product design.

(Sakao, Neramballi, Matschewsky. Avoid service design trap by guiding product/service system design 
with product-service dependency knowledge base, 17th Intl. Design Conf. 2022)



Technical feasibility of Adaptive-Intelligent Lifecycle Engineering
Case of big data analytics
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Iftikhar , Li Teng 2019

Lee, Baldominos, Yan, 
Tofangchi, Basaran, Chen, 
Ahani, Majumdar , Nashaat, 
Wong

Tofangchi, 
Basaran, Chen

Yi, Kim

Teng 2021, Deebaka , Liu, Yi, Gregoriades, 
Kim, Guo, Jagtap , Zhan 2018, Zhan 2020

(Sakao, Nordholm 2021)

: (Potential) information flow

: (Potential) pysical flow

Name    : Author name in publication

Very little work has showed the value of using big data analytics from the lifecycle perspective.
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Vision for AI-LCE (Adaptive and intelligent lifecycle engineering)
19

Motivation
• AI offers unique opportunities to help 

manufacturers increase holistic improvement. 
No method or strategy is established for how 
to do so.



2020

Vision for AI-LCE (Adaptive and intelligent lifecycle engineering)

Source: Adapt 2030 consortium, 2023. White paper -
Strategic use of AI in lifecycle engineering.

20
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An example AI method applied to maintenance
21

• NLP (natural language processing) + Ontology
• Automatic generation of knowledge graphs 

from free texts from maintenance error reports.

Source: R. S. D’Cruze, M. U. Ahmed, M. Bengtsson, A. U. Rehman, P. Funk, R. Sohlberg. A Case Study on 
Ontology Development for AI Based Decision Systems in Industry. 7th International Congress and Workshop 
on Industrial AI and eMaintenance, 2023
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Challenges to implementing CBM
22

(Ingemarsdotter et al., 2021)
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Avoid efficiency trap!

Oliver Burkeman (2021, Wall Street Journal)
The value of friction and inefficiency (Kevin Meyer, 2021)

Render yourself more efficient!
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