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Our industry partners (examples)
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Figure 4: Manufacturing's services sales, as shares in
total turnover, 1997-2006
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Source: SBS, Statistics Sweden, own cggregation and calculations.
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Product/Service System (PSS)

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)

Mutual dependency and

interaction
Product  Service PSS

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

Cash
Monitor

Cash

Selling *‘\ !
b
product .
Provider .
Service

Technology

Cash

Cash
Value co-creation system: Providing = -
. . e
Enhancing commitment and PSS N 4
L - /4
value captured Output > Customer
:C Expected Expected @
\_ lower cost Consumables higher value
Technology
See more information in Sakao 2022 (IEEE EMR) .
https://ieeexplore.ieee.org/document/9712441 Environmental
potential
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https://ieeexplore.ieee.org/document/9712441

L =2 ) policies for circular economy
f TOWARDS

% A GREEN & CE Action Plan 2020

pp < ,g l G I TA L improving product durability, reusability, upgradability and reparability, addressing the presence

of hazardous chemicals in products, and increasing their energy and resource efficiency;

-

i % i r‘f increasing recycled content in products, while ensuring their performance and safety;
B % A
TP - = - = enabling remanufacturing and high-quality recycling;

reducing carbon and environmental footprints;

restricting single-use and countering premature obsolescence;

introducing a ban on the destruction of unsold durable goods;

incentivising product-as-a-service or other models where producers keep the ownership of the
product or the responsibility for its performance throughout its lifecycle;

mobilising the potential of digitalisation of product information, including solutions such as digital
passports, tagging and watermarks;

Circular Economy
Action Plan

The European
Green Deal

rewarding products based on their different sustainability performance, including by linking high
performance levels to incentives.

European Commission, 2020.
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Product-as-a-Service examples

®@BlueMovement
Powered by \’f‘:]; BOSCH
Entdecke alle unsere Produkte
Unverzichtbare Haushaltsgeréte und Produkte, die auch im Alltag Spaf3 machen. Bei uns findest du eine Auswahl an hochwertigen Bosch und Siemens
Gerdten.
Subscription from
| Kohlschrénke > (‘, Waschmaschinen @ Trockner > Ca 400 €/month
f Ab 14,99 € pro Monat Ab 11,99 € pro Monat Ab 1,99 € pro Monat
Valj din bil >
Gefrierschranke ) Waschtrockner Geschirrspuler
Ab 8,99 € pro Monat é \Q Ab 14,99 € pro Monat > E Ab 12,99 € pro Monat >
4 - Freistehende
j Staubsauger > @ Kaffeemaschinen N =
Ab 10,99 € pro Monat e Ab 22,99 € pro Monat i He P - i
- KINTO Unlimited

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

MY ACCOUNT

a - » PR

Range of services

AQUAREA +
SERVICET PREMIUM
39,00 € per month - |

117,00 € per quarter
468,00 € per year

VaCUum-as-a-service‘.by Electrolux

hftbs://www.eIectroluxgroup.com/en7vacuum-as-a-service-electrolux-
‘trials-new-subscription- iness-models-29880/

$itr—E X TKINTO Unlimitedy £33, FiR TV I ZH 5,

https//globa | ) toyota/J p/n eWS room/corporat With your Aquarea Service + Premium subscription you have one less

worry. Your heat pump is permanently monitored remotely, and if an

e/383 7 756 8 R h tm | error occurs we are the first to know about it. We will contact you

immediately and help to solve the problem remotely, or if this is not

possible, we will coordinate a service appointment within 24 hours, 'S '.
including weekends, whilst covering the labour and spare part cost!

You don't have to do anything other than enjoy the comfort of your
home.

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


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

Magnitudes of trapped value of ...

Crowdsourcing $1.4tn

HaalTime Supply & Damand Pltform
®
Analytics-as-a-Sarvice

E-Commerce $3.4tn '3
Asset Performance Management

L
Sharing Economy $2.4tn . . Products to Servicaes $1.2tn

Multi-Maodel Intagration $1.4tn

. L]
40

Assisted Driving .
AP Smart Supply Chains $0.9tn

Value for

4000
Usage-Basad Insurance Industry $bn

Elactricity Automotive @ Logistics @ Consumer Industries
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SRV CIRP Annals
) . Manufacturing Technology

Journal homepage: www.elsevier.com/locate/cirp

Industrial Product-Service Systems - [PS? 2010

-1 2 - 3
H. Meier'(2), R- Roy(2), G. Seliger’(1) In 10 years the following statements will be relevant:

|Chair of Production Systems, Ruhr-University Boch Result oriented business models evolve as an industry
’Decision Engineering Centre, Cranfield University, | standard. Complex development processes are simplified by
*Assembly Technology and Factory Management, TU automatically configuration by Plug&Play of product and service
modules. Service will be provided globally by service supply
chains based on modularized service processes. The service
delivery will be supported by technologies like standard shared-
vision systems or new developed industrial service robots.
Service robots can be used 1n industrial applications for
automated delivery of service processes. Machine tools are able

II “LINKODING to communicate over the internet to exchange data, information
@V UNIVERSITY or knowledge.
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Principles of PSS design — Seven Is

ntegrative — integration between products Interactive — referring to not only interaction
and services. Using interplay, between products and services but also that
interdependence and interference between between PSSs and users.

roducts and services. . . .
P * Inclusive — including other (new) actors

* Information driven — taking advantage of involved in the system.
availability of data/information of different
phases of the product lifecycle (esp. use
phase).

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

* Intelligent — designing builds upon business

. ) Innovative — this is what we often want.
intelligence (not only Al).

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

PSS characteristics expected PSS design opportunities Challenges related to

(Section 3.1) (Section 3.2) decision making in design (Section 3.3.1)  value co-creation (Section 3.3.2)
C1. User centric and 01. Better understand users’ | [P Balance values and risks across | .., V1. Develop designers’ new
solution focus needs, risks and values ’ﬂh actors _-~ |knowledge, skills, and capacity
., D2. Choose and design a right '
C2. Focus on product 02. Exploit higher degrees of | .- |business mode _ V2. Overcome IPR and legal
t freedom to design N L
OHICOMES 8 /D3. Obtain and use data/information | ISSUes
~~|and right information systems - i i
C3. Digitalisation- / \03. Obtain, use and manage | \- " = — . — == -Hg;v[;egéﬂSea;aai?grénmrmatmn
powered product data/information “...||D4. Adapt to inputs to design in
-idynamic and agile ways T~. i i
C4. Sustainability- \ 04. Apply more holistic, L s f —_— = e == = ?;t.;lgﬂ;?r:g:;enféggent AOIDES
conscious systems thinking and design |"*-.. "ID5. Implement systems perspective
across different functions [T~ V5. Design supply networks
Designing value-driven solutions: The evolution of industrial product- 2 .
. Check for
service systems  pses

Daniel Brissaud (1)**, Tomohiko Sakao (2)°, Andreas Riel (2)?, John Ahmet Erkoyuncu (2)°

* Grenoble Alpes University, G-SCOP Laboratory, Grenoble, France
b Department of Management and Engineering, Linkoping University, Linkoping, Sweden

':f‘fl'_"'ll.’)l.’)fl.’llf.u"!.E'JF'CI.'SI_JIfIICE‘r Tmnspormnd Manufacmring, Cmnﬁel'd Uﬂif'l-"E']"SiI:Ty, Cmnﬁel'd,J areas SUCh as knowledge to dESlgll, to use l‘nachlnes AS Of 2022‘ we
are still far from real-life implementation of these concepts. Even

LINKOPING
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knowledge”. Obviously, IPS? is not an industry standard yet.




Servitization-digitalization transformation framework

Contribution of digital
components

/

Digital services
become novel,
intelligent component
of PSS

Complex solutions
improve, extend
offerings

Standard IT solutions

Manufacturer offering Provider of product-related Provider of PSS
obligatory services services

Company‘s transformation path
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An example PSS development with gas turbines

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.

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

LINKOPING
II.“ UNIVERSITY
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An example PSS development with telecom systems

LINKOPING
UNIVERSITY

Organizational
Mutual Maturity
Dependent

2017

Independent Offering

Before 1990

Dependent
Products Product Services
Products and Service and Services
Services System Product

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

Before the start of the use phase After the start of the use phase

PSS Design Space PSS Design Space ‘

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

A .
Product [Ty Production

Production (of spares The higher flexibility on

the temporal dimension
on service design is often
not optimally used in
- : practice.
Service . Production & Use In practice, too many or
too few decisions are
made for the service
5 design at the end of
Start of design Start of use product design.

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

LINKOPING
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Technical feasibility of Adaptive-Intelligent Lifecycle Engineering

Case of big data analytics

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

iddle of Life

Product design |

,/

4
/-

l g
Process | | [ Process

Very little work has showed the value of using big data analytics from the lifecycle perspective.

End of Life

= =

Process Process

Ky
@-----\; ------- B Product Product
\
i
‘\ i | i:
LA | I
f Tofangchi‘,\\ il I
~ ]
! Basaran, Chen™~._ ! | 'H
* ~~~~~ - 1 I I:
. . _,::"::-~ I . : I I:
SerVICE deSIgn '='=‘___—_—_—_—_—_ ---------- 1]::::::::::- ------- SerVIce : L--- Reuse __-l:
Lee, Baldominos, Yan, -E : bommmmee === I‘:
Tofangchi, Basaran, Chen H i . —
’ ’ ’ Name :Author name in publication
Ahani, Majumdar , Nashaat, | I Reman I: P
Wong :_I:_T_-. ‘_______________________________________________________ i ----p :(Potential) information flow
I . . .
Recyde ‘E.E.E.E.E.E.E.E.E.E.E.E.E.E.E.E.E.E.E.E.E.E.E.E.E.E.E.E.E i - " + (Potential) pysical flow
|
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(Sakao, Nordholm 2021)
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Vision for Al-LCE (Adaptive and intelligent lifecycle engineering)

Motivation

* Al offers unique opportunities to help
manufacturers increase holistic improvement.
No method or strategy is established for how
to do so.

Whi’re’pci' perss: =

Strategic use of Al in
lifecycle engineering

Adapt 2030 consortium

August 25, 2023

i research was supported by VINNOVA via the Production 2030 program, under Adapt 2030
Adaptive lifecyce design by applying digitalization a hnigues to production) project (No. 2019

05583)

A
mp e,

LINKOPING . ~
II." UNIVERSITY  Minversiet ) AOAPT
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Vision for AI-LCE (Adaptive and intelligent lifecycle engineering)

Al Suggestions &
- Decision Support

-$-
e ~

EXTERNAL
FACTORS &

\DOMAIN KNOWLEDGE (Domain Knowledge,
Conformance data, sensor
data, relations, real time
data, historical data)

/

Production Product
Design \ assembly

Service
Design

Procurement

UNIVERSITY  Virvereas ‘J Strategic use of Al in lifecycle engineering.

MATERIALS/ Product %?Séﬂ‘i?ii'l‘/ Bpecston PRODUCTS/
COMEONENTS - i\i‘laintenance SERVICES
\, and Repair 4
Reman / /
Recycle
LINKOPING I“ I) Source: Adapt 2030 consortium, 2023. White paper -




An example Al method applied to maintenance

e NLP (natural language processing) + Ontology

e Automatic generation of knowledge graphs

from free texts from maintenance error reports.

Table 1. Categories of Extracted data

Category

Extracted data column

Human related

repairman, requester

Machine related

machine number, type of machine,

Work order related

work order(WO) number, worktype, WO

requested, WO created WO close, headline,
description, fail source, fail cause

Solutions related |closed, cost center, action taken, suggested for long

term action, comments after closing

Table 2. Some examples of unstructured text

Cases Examples of free text

casel

overfull med kylvvatten 1 kylanldggningen, kommer
massa kylvatten 1 platen

case2 [Samma som forut, kylmedlet slutar bara att genomfloda
case3 |Y- stillestandsévervakning
case4 |Maskinen nddstoppas

®

hasProcess

TR

hasOhject

hasState

bjectHasState

al
stateHasSeverity

findsOut
hasCause

hasTime

@ symtomHasCalse

21

hasLocation

hasSymtom

hasSeverity

LINKOPING I]]I)

Mélardalens
UNIVERSITY ”“"’ers'“’“, on Industrial Al and eMaintenance, 2023

Source: R. S. D’Cruze, M. U. Ahmed, M. Bengtsson, A. U. Rehman, P. Funk, R. Sohlberg. A Case Study on
Ontology Development for Al Based Decision Systems in Industry. 7th International Congress and Workshop




Challenges to implementing CBM
_— Product/

1.C1 Available data not fit for Service

iy ——

¢ of high quality
5.C1. Limited

communication between

uollewIopu|

¢ of high quality Cloud layer
labelled data - maintena personnel
APIEtoN T and R&D about CBM

2 2 | | requirements

2.C1, Limited ability for R&D Iz Uizl

i iti user types

to deal with additional N User It_rF- 5
i fatabaze . pe to one
requirements Databas ope lim to one

3.2, Limited component in a bigger

the organizatio ollect layi .
e yer - g . "
with software development 4.C3. Unclear roles and 28 InEimcimEtcn &

and data analytics responsibilities

s for deciding what Connectivity n

syueddiyed

SaAIY
slawolsn)

Product not delivered in a user
layer friendly way

 — w— 5.CS. Limited

3.C1. Inflexible data data-driven approaches
collection among maintenance
3.C2. Limited scalability of personnel

data collection, transfer and

ility to use

processing

3.C3. Lack of toals to support
developers with data access
and processin

sa|8ojouydra]

Work system

6.C1. Conflicting objectives in the arganization
6.C2. Busines for CBM not clear
6.C3. Data privacy concerns

) Context
II “ LINKOPING
o UNIVERSITY (Ingemarsdotter et al., 2021)
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Avoid efficiency trap!

Render yourself more efficient! /

“Ne

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

LINKOPING
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Want to know more?

Contact
Tom Sakao

Abhijna Alex Kim Annelie Erik Johannes Marianna Mattias Raphael
Neramballi Nordholm Carlson Sundin Matschewsky Kambanou Lindahl Wasserbaur
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