PRODUCT-SERVICE-SYSTEM,
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PRODUCT-SERVICE SYSTEM

L, ------------ s it a possible solution to cope with the
material leakage issue?

Provide product °.
and service to
consumer

Tangible N Intangible
PSS is a promising | product service
procurement strategy

to minimize material leakage
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Research questions

Context: European Main research question:
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“To what extent does the Product-Service system
(PSS) help corporate real estate (CRE) in minimizing
material leakage?”

Corporate
Real Estate Management
(CREM)

Sub research questions

1. What is the PSS? And what is the potential of PSS
to minimize material leakage in office refurbish-
ment?

Material

leakage

2.In real practice, to what extent is material leakage
minimized by the product-service system?

_____________________________________________ 3. What are the benefits of a PSS implementation to
Figure 01: Research conceptual diagram (own illustration) the Consumers and PSS prOViderS?
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Within
corporate

Research-related concepts

Corporate Real Estate (CRE)

The real estate is occupied by the corporate. ltis
a physical entity to facilitate and contributes the
corporate goals kooymans, 2000 and Widarta, 2021)

Corporate Real Estate o Negative
Management (CREM) refurbishment YQILEL:

IS a strategic management discipline to enhance
the corporation's performance through aligning
CRE Strategy (Haynes, 2017b)

Office

Is considered as one of important CRE element
which should be aligned with other

Material

leakage

Material loss within its’ product life cycle; waste, | e e e e e e e e e e e e e e e e
SCI’ap, and defeCtlveS Figure 02: Research conceptual relationship diagram (own illustration)

Material leakage § S ;
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Material leakage within CRE

Causes Consequences
(Office refurbishment is a material leakage contibutors) (Negative effect of material leakage)
Office construction Environmental
Is booming pressure

More construction/
disposal cost for the
corporation

Office refurbishment
occurs more frequently

Generate higer average of Material leakage Other negative effect to
construction waste the organization

(e.g. organization image)

14
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SERVICE LAYERS

(Shorter life-span layers)

Material leakage on each building layers
BUILDING LAYERS

(Longer life-span layers)

- Building site; eternal
- Structure: apprx 50yrs
- SKin: apprx 25yrs

- Services: apprx 15yrs
- Space plan: apprx 10yrs
- Stuff: apprx 1-5yrs

Site ; eternal

|

|

|

| Stuff: apprx 1-5yrs
: Space plan: apprx 10yrs

| Services: apprx 15yrs

Structure: apprx 50yrs |
|
|

Skin: apprx 25yrs
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SERVICE LAYERS?

(Shorter life-span layers)

Material leakage on each building layers
BUILDING LAYERS?

(Longer life-span layers)

Site ; eternal

|

|

|

| Stuff: apprx 1-5yrs
: Space plan: apprx 10yrs

| Services: apprx 15yrs

Structure: apprx 50yrs |
|
|

Skin: apprx 25yrs
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BUILDING LAYERS GENERATE MORE SERVICE LAYERS GENERATE
MATERIAL LEAKAGE MORE MATERIAL LEAKAGE

Material leakage on each building layers

Because ... Refurbishment - are mostly service
layer works

Because ...

1. Building layer requires more material in
building construction compared to the service

layer
(Pushkar, 2015)

1. The majority of R&R waste, 83%, is ended in
landfills v etat. 2020

2. Fit-out projects generate more than double
the construction waste compared to typical

commercial construction projects.
(Hardie et al, 2011; Freymann et al, 2018 ; BPP, n.d.)

2. Building layer generate more environmental
damage (by using EI99 for period of 50 years)

(Pushkar, 2015)

3. The shorter life span component (service 3. Fit-out projects usually take place more fre-
layer) have more opportunity to replaced by quently than other construction projects
more environmental Sustainabi“ty Components (Fard Fini and Forsythe, 2020; and Casas-Arredondo, 2021)

(Pushkar, 2015)

Site ; eternal

Stuff: apprx 1-5yrs
Space plan: apprx 10yrs
Services: apprx 15yrs
Structure: apprx 50yrs

Skin: apprx 25yrs
17
Figure 03: Six building shearing layér, source; Brand (1994) (own illustration)



Material leakage on each building layers

Providing building layer PSS is
dificult

Building layer PSS implementation barriers

- Building regulation (e.g. Dutch building ownership
regulation)

- Financial aspect (loan or mortgage - not easy)

- Construction management (increase transaction)

Site ; eternal

Stuff: apprx 1-5yrs
Space plan: apprx 10yrs
Services: apprx 15yrs
Structure: apprx 50yrs

Skin: apprx 25yrs
18
Figure 03: Six building shearing layér, source; Brand (1994) (own illustration)



Product-service-systems (PSS)

Low level of

servitization
A

Vv

High level of
servitization

Product content
(tangible)

Product
IS sold

Product-oriented service

Sold product
+ (after-sales) additional service

Use-oriented service

Product is provided as a service
e.g. leasing, subscription

Result-oriented service
All about the agreed result

Figure 04: PSS categories, source; Tukker (2004) (own illustration)
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PSS is a material leakage
minimization contributor

----
I

PSS 'have PSS characteristics that could induce
material leakage contributors

@

| 1. A proper product 2. Most cost and re- 3. Support by specialized

Product-oriented gk
service

Use-oriented

service
treatment source-effective facilities and knowledge
way in product delivery of PSS providers

Result-oriented S
service
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PSS is a material leakage
minimization contributor

PSS characteristics

Material leakage minimization contributions

©

1. The efficiency of resource 2. Product life cycle
utilization improvement extension

@ 9

3. Product circularity 4. Optimizing waste
improvemt recovery rate




Material leakage
minimization

PSS is a material leakage
minimization contributor

contributors

1. The efficiency

of resource /A LSBER == ==0 0 0_===F (‘ s~
utilization im- ~
rovement Product o ~
P life-cycle .

N
N
N
\
\
\
s
2. Product \
o o life cycle “
. A proper produc .
treatment extension \
\

|

: \
Material '
|
PSS leakage ,
2. Most cost and re- " - - |
n n source-effective minim |Zat|0 n [
characteristicS  wayinproduct detivery ,

I

1
3. Product "
. circularity p
Improvemt ’
4
4
3. Support by specialized Y 4
facilities and knowledge 4
of PSS providers , ‘
’
End-of-life P

management ’,
4. Optimizing -

waste
recovery
rate

-
-----

Less material leakage
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An analysis tool on how PSS could contribute to material
leakage minimization

Provided PSS categories

What aspect should an
analysis tool consist of?

How the provided PSS contribute
to material leakage minimization

\/

Material leakage minimization




An analysis tool on how PSS could contribute to material
leakage minimization

Framework set up

Ao (e

Product-service system (PSS)
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An analysis tool on how PSS could contribute to material A 0 @\ ﬁ =

leakage minimization

Framework set up
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Empirical
research design

(Case selection/ Data collecting protocol)



Three phases of empirical research
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Phase1:
Case selection

—————————————————

Case
selection

Theoretical
research

Data col-
lecting
protocol
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'-------------------.

—————————————————

Phase2:
Case study

PSS providers
case study

PSS consumers

case study

Other PSS-related
professional case

Ao G,

Phase3:

AF

evaluation and analy5|s

Cross-case
analysis

q

————————

Analysis
and
conclu-
sion

--------
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PSS providers PSS consumers Other PSS-related
professionals

Phase1: Cases investigation objective

1. Provided PSS strategy 1. A vision toward material 1. Situation of PSS nowadays
leakage

2. PSS to material leakage 2. Drivers to choose and bar- 2. External factors that influence
minimization contribution. riers to not choosing PSS implementing PSS

28
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PSS providers PSS consumers Other PSS-related
professionals

Phase1: Cases selection criteria

Required 1. Available for interview 1. Available for interview 1. Available for interview
criteria 2. Provides PSS to the office 2. Medium?+ sized corporation 2. can provide an overview of the

3. offers at least one of the PSS current situation of PSS
categories

Preferred
criteria

29



Phase1i: All the selected cases

Other PSS-related
Ok
Company M Company A Company | Company P CompanyV University E Company L Company T
(Elevatorasa  (Furniture as a (Circular (Fast-fashion (Hi-technology (University in the (Leasing (Furniture
service) service) carpet) shopping store)  manufacturer) Netherlands) professionals and  design company

a representative) in Thailand)

30



Phase2: Case study investigation

Investigation strategy
(PSS providers)

1. Step one: e e e

How PSS contrib-

ute to material

leakage minimiza- = t-------
tion

PSS consumers
(CREM)

Product life cycle Product circularity
extension improvement

2. Step two:

To what extent I' Material leakage !

PSS contribure to ' minimization |
material leakage

minimization /i S i\
S

Other
PSS-related

professionals

The efficiency of Optimizing waste
resource utilization recovery rate
improvement

Figure 06: Empirical research stakeholders address (own illustration)

Figure 07: PSS provider case study investigation strategy (own illustration) 31



Phase3: Evaluation and analysis

PSS providers

Cross-case study Empirical
research findings

PSS consumers
(CREM)

(A combination of case
study findings)

Figure 06: Empirical research stakeholders address (own illustration)
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Empirical
research result

(Case study results/ cross-case analysis)
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PSS providers investigation phase one; How/ what strate-
gies each PSS applies to contribute to material leakage minimization

™

Company M

(Elevator as a service)

\LOfFer

()

1. Smart sensors and 3. Performance con-
intelligent systems tract (pay-per-use)

@

2. On site mainte-
nance, repair

4. Material passport

=

Company A

(Furniture as a service)

\LOfFer

©

3. Furniture subscription
platform (operational lease)

&

2. On site mainte-
nance, repair (facilities)

1. FAAS online

4\
‘I.—.V
I

4. Circular hub

Company |

(Circular carpet)

\LOﬂcer
©

1. Using fully 3. Buyback
recycled guarantee

o

2. Modular carpet 4. Customer
training

©

34
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PSS providers investigation phase one; How/ what strate-
gies each PSS applies to contribute to material leakage minimization

™

Company M Company A Company |

(Elevator as a service) (Furniture as a service) (Circular carpet)

—— = — — — — —_— — — — — — == ==

/

SUB@RIBE
1. Smart sensors and 3. Performance con- 1. FAAS online 3. Furniture subscription 1. Using fully 3. Buyback
intelligent systems tract (pay-per-use) platform (operational lease) recycled guarantee

@

2. On site mainte- 4. Material passport 2. On site mainte- 4. Circular hub 2. Modular carpet 4. Customer
\ nance, repair nance, repair (facilities) training
Product-oriented Result-oriented Product-oriented Use-oriented Product-oriented

o

©

\
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

— — — — — — — — — — — — — — — — — — — — — — — — — =
—_— — — — — = = - e e e e e e e e e e e e e e e— — — —
—_— — — — — — — — — — — — — — — — — — — — — — — — — —
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|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|
|
|
\

services features: services features: services features: services features: services features:
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PSS providers investigation phase one; How/ what strate-
gles each PSS applies to contribute to material leakage minimization

The presence of the PSS characteristics

1. A proper product 2. Support by spe- 3. Most cost and 1. A proper product 2. Support by spe- 3. Most cost and 1. A proper product 2. Support by spe- 3. Most cost and
treatment cialized facilities resource-effective treatment cialized facilities resource-effective treatment cialized facilities resource-effective
and knowledge product delivery and knowledge product delivery and knowledge product delivery

1. FAAS online
platform

3. Performance con-
tract (pay-per-use)

© 0

1. Smart sensors and
intelligent systems

3. Furniture subscription
(operational lease)

1. Using fully 3. Buyback
recycled guarantee

©

o

2. On site mainte- 2. On site mainte- 4. Circular hub 2. Modular carpet 4. Customer
nance, repair nance, repair (facilities) training
Product-oriented Result-oriented Product-oriented Use-oriented Product-oriented

N e e e e e e e e o e o o o o e e e - - — — —
—_— — — e— — — e— e e e e e e e e e e e e e e o o e— — —
—_
— — — — — — — — — — — — — — — — — — — — — — — — — =

services features: services features: services features: services features: services features:
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PSS providers investigation phase one; How/ what strate-
gles each PSS applies to contribute to material leakage minimization

™

Company M Company A Company |

(Elevator as a service) (Furniture as a service) (Circular carpet)

How they contribute to material leakage minimization

Product-service system (PSS) Product-service system (PSS) Product-service system (PSS)

= ' 3 4 A . N \
= 1 ! |
; 5 . : . : .

@ PSS ) - Use-oriented services E PSS , Product-oriented services Use-oriented services Result-oriented services e &l Use-oriented services n Result-oriented services :
o categories ' ® categories & categories ! [
"~ — 1 b by I
w N _ _ _ , » o . J o et N B 0 i e e e 2
) ; . ; : , b - i ; . S I @90 e o -, oo R T VMO IO I o c.” Wl E i i
:c ¥ i - i = 4 4 y d : ' | —— 5 \\ 4 4.Product \\ £ \\ 4 \1 l’ \\ ’ .\u
= 4.Product | - = : 4.Product ; - ;5 i 4.Produc | | i '
= ' 3.Product i : 7.Activity = 1.Product- 2 Advice 3.Product | ) 1 7.Activity . _ > 3.Product | | ‘ i T 11 7.Actvity | : ‘
g- PSS | lease rentlngand : 5.Pr0|c_juct | S— g_- PSS it o [adee renting and 5.Pr0lt_1uct 6.Pay.fer R s sgarfientl FuncUo\:ai . g lease ! ren;mg and & S.Tgitij:ct i 6 Pjg:itper ' ! management | Fu?g;uucipal :
* types service sharing , | pooling ' joutsourcing n pes service consultancy service shating pociing - Joutsourcing ' 1| ooUt v service |1 Shaning ., POOINE ., . | /outsourcing | 1 1
“ o ke Senvice: ot : : 17 v " ' service ) By 4 b 4] . Y. service ¥ ' P ALY 7
Q S i 2 ot S e a : : . : e g (O DR e e e B T
=y e | R ‘ J -

— | - L , l o . N e R T R R \
|’ |{ \‘ i II |
i = J I | ' !
PSS : PSS Operational I?roduct Product take-back/ Product sharing : Optimized result ' PSS Product sharing | ; Optimized result |
strategies : strategies support maintenance EoL management ! F strategies i 4 |
\ 1 1 I \ 1
a e = = - # i.. N 3 A ey TS IERNERS. | irmsimmiimmeimerwesilss e
£ £ £
o & c ]
v . ___  ____ry _ 0 VBN R — A S — A R
2 PSS ’ i @ Pss 0 PSS : ;
) enablers ' Intensified ) enablers Operational Product Intensified Product system o enablers ' Intensified |
S of resource ! product usage - = of resource efficiency longevity product usage substitutions S of resource ! productusage i
5 reduction \ ' E reduction E reduction . '
g g g
= = =
o o~ . o
Resource Resource Reduce the need Reduce the need Displace more Resource
reduction reduction for resources for producing the resource intensive reduction
aims aims during product use product systems aims
Relative resource reduction/ material leakage minimization Relative resource reduction/ material leakage minimization Relative resource reduction/ material leakage minimization
Figure 10: How could elevator as a service contribute to office material leakage minimization. Analyzed by using PSS Figure 11: How could FAAS contribute to office material leakage minimization. Analyzed by using PSS catego- Figure 12: How could Interface carpet contributes to office material leakage minimization,
categories+two-step framework, Source: Company M publication (n.d.), (Own illustration) ries+two-step framework, Source: Ahrend web page (n.d); S.P. personal communication, 2022 (Own illustration) Source: Company I-related literature 1 (2021); Company I-related literature 2 (2021); J.L., personal communication (2022),

(Own illustration)
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PSS providers investigation phase two; The level of material A

leakage contributions improvement of each PSS provider case study

Company M

(Elevator as a service)

- Circular design

08% - Performance
conract
40+ YIS
\;({Zscfi:c_al - EOL management
fitting./ Lift/ ~ - proper product treatment
mechani- optimized result
cal
20+ YIS o
LEVEL OF “
CONTRIBUTION
TO MATERIAL ke malke.
LEAKAGE dispose
MINIMIZATION
Product Waste Product Resource
life span recovery circularity utilization

Q = value of material O

leakage contributors
of the avereage linear
product

OO

= value of material
leakage contributors
of the PSS product

10 yrs
waste: =
Joinery/
timber hard/
workstation
20%
take-make-
dispose
Product Waste Product Resource
life span recovery circularity utilization

Figure 13: Material leakage minimization contribution and circularity

improvement of each case study (own illustration)

CLc e f

£l n

99% fully recyclable and
bio-sourced material
15-30 yrs
(modular carpet)
- EOL management
-Proper operational support
-Proper products maintenance
5-15 yrs
Carpet
take-make-
dispose
3%
1
Product Waste  Product Resource
life span recovery circularity utilization
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PSS providers investigation phase two; The level of material Ao @ ﬁ?@ = :I

leakage contributions improvement of each PSS provider case study

Company M Company |

(Elevator as a service) (Circular carpet)

™

Circularity of Circularity of Circularity of
PSS porfolio = apprx 95%+ PSS porfolio = apprx 80%* PSS porfolio = apprx 90%*

= value of material
leakage contributors
of the avereage linear
product
L

= value of material

O
@,
O leakage contributors
@)
9

of the PSS product

Figure 14: Material leakage mini-
mization contribution and circular-
ity improvement of each case

study (own illustration)
39
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Cross-case analysis
(PSS providers)

Company M Company A Company | Company P CompanyV University E Company L Company T
(Elevator as a (Furniture as (Circular carpet) (Fast-fashion (Hi-technology (University in the (Leasing professionals  (Furniture design
service) a service) shopping store) manufacturer) Netherlands) and a representative) company in Thailand)
PSS-related aspect PSS-related aspect Pne PSS-related aspect . e
Providing PSS (product layer) Providing PSS (product layer) Providing PSS (product layer)
Building layer PSS Building layer PSS Building layer PSS

Service layer PSS

. F Service layer PSS ‘ Service layer PSS {

(Y
?

No (only small PSS products) No (only small PSS products) () C} No (only small PSS products)
Providing PSS categories : : : .
brog tg ented g o Advantages/ drivers of using PSS Advantages/ drivers of using PSS
roduct-oriented service
edbriertad saryica : Financial advantages Financial advantages ‘
Result-oriented service 46 Increase flexibility in using product Increase flexibility in using product ,—
Added value service (quality/ performance) ’7 Added value service (quality/ performance)
AdvantageS/ drivers of PSS that can Relationship/ knowledge sharing between consumer and provide Relationship/ knowledge sharing between consumer and provider #—
attract consumer Outsourcing risk and responsibility * ‘» Outsourcing risk and responsibility
Financial advantages ‘ Resource/energy optimization (material leakge minimization) Resource/energy optimization (material leakge minimization) ‘ ‘—
Increase flexibility in using product Enhance circularity of portfolio for consumer Enhance circularity of portfolio for consumer
Added value service (quality/ performance) ’ Enhance business opportunity Enhance business opportunity k
Relationship/ knowledge sharing between consumer and provider Incentives of being environmental sustainability Incentives of being environmental sustainability —.
Outsourcing risk and responsibility
Eezource/, e”elrgi °p:‘m'ztit'?” ;mate”al eakge minimization) Drawbacks/ barriers to use PSS Drawbacks/ barriers to use PSS
nhance circularity of portfolio for consumer
e T —— . Financial Constraint/ risk ’— Financial Constraint/ risk —'
. . . C Risk and responsibility Risk and responsibility
Incentives of being environmental sustainability ) B _ i i 5 . i .
equire culture shi equire culture shi
Drawbacks/ barriers of PSS that might Contract complexity Contract complexity ::
be issues for consumer Implementation barriers Implementation barriers —.
Financial Constraint/ risk Not applicable in countries that have low material and labor cost ‘ Not applicable in countries that have low material and labor cost
Risk and responsibility Require high investment to provide PSS
Require culture shift
Contract complexity . .
lroleeneritationibairiers Material leakage Material leakage
Not applicable in countries that have low material and labor cost minimization-related aspeCt minimization-related aspeCt
Require high investment to provide PSS {5 @) Does PSS contribute to material leakage Does PSS contribute to material leakage
minimization minimization
. (Material leakage minimization assessment criteria) (Material leakage minimization assessment criteria)
Material leakage Yes = 5 Yes
] L] L} L] /-
mlnlmlzatlon_related aspect Yes, but v, 4‘ ) \Pf Yes, but v 4‘ F
No No
Does PSS contribute to material leakage ) ) o ) ) ) o ,
minimization 9 Interviewee's opinion on PSS in Interviewee's opinion on PSS in
(Material leakage minimization assessment criteria) mlnlleIng material leakage mlnlmlzmg material leakage
ves -‘ . . An effective strategy to minimize material leakage —¢ ‘ An effective strategy to minimize material leakage ‘—
wesiRUtEnanaas It could be It could be *
No No No
Interviewee's opinion on PSS in
LLL LU L material l'eakage " Note: .= Primary concerns O = Secondary concerns
An effective strategy to minimize material leakage —‘ . k * Note: .= Primary concerns O - Secondary concernc
It could be
No Figure 15 Cross-case study analysis results; Figure 16: Cross-case study analysis results;
PSS consumers (own illustration) ther PSS-related professionals (own illustration)

" Note: .= Primary concern O = Secondary concern

Figure 14: Cross-case study analysis results;
PSS providers (own illustration) 40
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PSS-related aspect

- Most of provided PSS is service layer

Cross-case analysis
PSS providers (3 cases) .
4 | OIS .l |

.--.-I--e--‘:"_ =i

- Main Provider objective = enhance
thelr business opportunities/ gain more
company profit

+ - Challenges: Culture shift and contract
| complexity

e Material leakage-related
B s e aspect

; .: £ L_s - All the PSS characteristic that could

= induce material leakage is present

o - Allmaterial leakage contributors in
o PSSis greater than linear economy

et g - Greater product circularity

41
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PSS-related aspect

- No one has experience using building
layer PSS

Cross-case analysis
PSS consumers (3 cases)

11 ; ;

- Outsourcing risk and responsibility/ fi-
nancial benefit are the main drivers/
added functional value

- Culture shift in using PSS and contract
complexity are major barriers

Material leakage-related
aspect

- All of the interviewees are aware that
PSS could lead to material leakage min-
Imization

42
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7 PSS-related aspect

- Two of them have differnt view on the
benefits and drawbacks of PSS

Cross-case analysis
,Other PSS-related rofessmnal (2 c:ases)

*?rrw‘

- But Both of them agree that resource
optimization is an advantage of PSS im-
i plementation

Material leakage-related
aspect

g - Bothof them aware that material leak-
L age reduction is a consequence of PSS
iImplementation

- But material leakage minimization of

= PSS s often disregarded (from what
* they have experienced)
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Inclusive cross-case study analysis -
(case study findings)

Inclusive cross-case PSS providers PSS consumers professionals

analysis @@@.@@

mpy mpy

PSS-related aspect “2222?9 Nl:;?ﬁ,:* r:;::;i; P S S -re la t e d aspbe Ct
tive) Thailand)
Providing PSS (product layer) p

Building layer PSS
Service layer PSS

No (only small PSS products)

)
W/
-
AN

Providing PSS categories
Product-oriented service

o0
e o

Use-oriented service

Result-oriented service

Advantages/ drivers of PSS that can
attract consumer
Financial advantages

Increase flexibility in using product
Added value service (quality/ performance)

Relationship/ knowledge sharing between consumer and provider
Outsourcing risk and responsibility

Resource/energy optimization (material leakge minimization)
Enhance circularity of portfolio for consumer

@0 0000
00 0 O
Q000
)
e e
®
© e oo

earning more profit.

Enhance business opportunity
Incentives of being environmental sustainability

M#HF%

1. Building layer PSS is hardly implemented.
2. Product-oriented service are provided/ used the most.

3. PSS providers --> enhance the business opportunity for

abacke/ bariers of PSS that might - resource optimization is one strategy to earn more profit

be issues for consumer
Financial Constraint/ risk .
Risk and responsibility
Require culture shift
Contract complexity
Implementation barriers

Not applicable in countries that have low material and labor cost

O 000
@ O
O

oo oo

Require high investment to provide PSS

Material leakage
minimization-related aspect

4. Consumer ---> best facilitate their business (financial ad-
vantage/ flexibility/ outsourcing risk).

Poes Pas covirule i raciedallssiags 5. Material leakage is not yet a primary driver.

minimization
(Material leakage minimization assessment criteria)
Yes

O
O
O
O
%

= barriers

6. Complexity of PSS contract and implementation

Interviewee's opinion on PSS in
minimizing material leakage

An effective strategy to minimize material leakage ‘ . . . . . ‘
It could be .

No

Figure 17: Inclusive cross-case 'study analysis

Note: .= Primary concerns O - Secondary concerns own illustration)



Inclusive cross-case study analysis -

(case study findings)

Inclusive cross-case
analysis

PSS providers

PSS consumers

Other PSS-

related

professionals

GOCROODO

Company M Company A Company | Company P CompanyV University E Company L Company T

(Elevator as a (Furniture
service)

PSS-related aspect

Providing PSS (product layer)
Building layer PSS

Service layer PSS
No (only small PSS products)

Providing PSS categories
Product-oriented service
Use-oriented service
Result-oriented service

Advantages/ drivers of PSS that can
attract consumer
Financial advantages
Increase flexibility in using product
Added value service (quality/ performance)
Relationship/ knowledge sharing between consumer and provider
Outsourcing risk and responsibility
Resource/energy optimization (material leakge minimization)
Enhance circularity of portfolio for consumer
Enhance business opportunity
Incentives of being environmental sustainability

Drawbacks/ barriers of PSS that might
be issues for consumer
Financial Constraint/ risk

Risk and responsibility

Require culture shift

Contract complexity

Implementation barriers

Not applicable in countries that have low material and labor cost
Require high investment to provide PSS

Material leakage
minimization-related aspect

Does PSS contribute to material leakage
minimization
(Material leakage minimization assessment criteria)

Yes

Interviewee's opinion on PSS in
minimizing material leakage

An effective strategy to minimize material leakage
It could be

No

* Note! .= Primary concerns O - Secondary concerns

(Circular (Fast-fas

(Hi-tech-

(University  (Leasing

(Furniture

3

asa carpet) hion nology in the profession-  design
service) shopping  manufac- Nether- alsanda company
store) turer) lands)  representa- in
tive) Thailand)
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Figure 17: Inclusive cross-case 'study analysis
(own illustration)

Material leakage minimization-related aspect

1. All of the interviewees are aware that material leakage mini-
mization is a consequence of PSS implementation

2. From the interviewees’ perspective, PSS could be an effec-
tive solution for material leakage issue
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1.What is the Product-service system (PSS)? And what
is the potential of PSS to minimize material leakage in

office refurbishment?

PRODUCT-SERVICE PRODUCT-SERVICE

SYSTEM IS SYSTEM IS CATEGORIZED AS

@ Product-oriented service

@ Use-oriented service
@ Result-oriented service

Tangible N Intangible
product service

Product
IS
sold

Product
remains
with
provider

Low level of
servitization
A

Vv

High level of
servitization

Meet
consumers’
demand



1.What is the Product-service system (PSS)? And what
is the potential of PSS to minimize material leakage in
office refurbishment?

MATERIAL LEAKAGE
PSS MINIMIZATION CON-
CHARACTERISTIC TRIBUTORS

lI 1. The efficiency of resource

1. A proper product utilization improvement
treatment

2. Product life cycle Material
extension l. ea k a g e
2. Most cost and re- m | N | m ization
source-effective
way in product delivery
3. Product circularity
@ improvemt

3. Support by specialized
facilities and knowledge
of PSS providers

4. Optimizing waste

recovery rate

NS
= -
----------------------------
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2. In real practice, to what extent is material leakage

minimized by the product-service system?

CASE STUDY

PRODUCT
CIRCULARITY

LEVEL OF
CONTRIBUTION
TO MATERIAL
LEAKAGE
MINIMIZATION

Elevator as a service
(Company M)

T

PSS circularity = apprx 95%*

PSS circularity = apprx 80%+

PSS circularity = apprx 90%*

08%
- Circular deSign 99% fully recyclable and
- Performance bio-sourced material
40+ conract
yrs "
5-30 yrs
- EOL management (modLé)Lar
- proper product el ps
treatment
- optimized result - EOL manage-
ment
10 yrs N/A -Proper operational
support
-Proper products
20+ 5-15 N/A  maintenance
Yrs o Vrs
45%
N/A
Take- 1
make-|
dispos?
take-
Takke— | : make-
e 20t .
| | 3%
| | |
I |
I 1 ) E— " E— ’ E— S E— * | — | E—
4+ 4+ + 4+ 4+ 4+
o L2 ©Z $5 ' 8g§ Lz Bz J5 185 8 TZ 85
S 0O n O 3D = S-S S o n o - SS 1 S o n O 3 = s S
O] 1)) T > O LD > M © wn © > © LU - (0] O ) O > L] Lc, > (0]
o = 0 oS oN ! O = 0 oS ON ! O = 0 o5 O N
a = ) a < VS a = 0) o < (O o = ) a < (O
= is xS | = Is xS | = 5 x S
| |

= value of material
leakage contributors
of the avereage linear

product

Q
O
O

= value of material
leakage contributors
of the PSS product

Ao G,
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2. In real practice, to what extent is material leakage

minimized by the product-service system?

CASE STUDY

PRODUCT
CIRCULARITY

LEVEL OF
CONTRIBUTION
TO MATERIAL
LEAKAGE
MINIMIZATION

Elevator as a service
(Company M)

T

PSS circularity = apprx 95%*

-

PSS circularity = apprx 80%+

e

PSS circularity = apprx 90%*

|
|
|
|
|
98% |
. I O,
- Cireular desig | 99%  fully recyclable and
- Performance | Bic. el ratanal
40+ CCCCCC t
|
yrs | 1
5-30 yrs
EOL management I (modLé)Lar
proper product | e
treatment |
ptimized result I - EOL manag
me
10 yrs N/A : -Proper operation tl
pppppp
| -Proper produc
20+ I 5_15 N/A maintenance
Yrs 1 yrs
%
45 N/A |
|
|
|
|
|
|
Take- 1
make-|
dispos?
| take-
Tak;(e— | make-
s 20t .
| | 3%
| | |
I |
j— I 1 ) E— ? — ’ E— S E— * | — | E—
4+ 4+ (- 4+ 4+ (- 4 4o -
o5 82 T2 Y51 85 g T2z E5 185 8= ©=Z 385
S 0O n O > = SS 1 2o n O o R SS 1 S o n O - R s S
_CJU) T > _OLD 3(‘5 U(f) © > _OLU :S('U _OU’) O > _GLU, 3(‘0
S o = 0 oS oN ! O = 0 oS oN ! O = 0 o= O N
a = ) a < VS a = 0) o < (O o = ) a < (O
= ‘O xS | = ‘O @ S | = ‘O @ S
| 1
O lu Fmatgrial O = value of material
leakage contributors O L contri
f the reage linea O B S pr

ppppppp

A=

r"

Linear-economy
(Take-make-dispose)

<

Product-service
systems
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2. In real practice, to what extent is material leakage

minimized by the product-service system?

CASE STUDY

PRODUCT
CIRCULARITY

LEVEL OF
CONTRIBUTION
TO MATERIAL
LEAKAGE
MINIMIZATION

Elevator as a service
(Company M)

T

PSS circularity = apprx 95%*

-

PSS circularity = apprx 80%+

e

PSS circularity = apprx 90%*

|
|
|
|
o |
98% |
. I O,
- Circular desig I Q9%  fully recyclable and
- Performance bio- d material
40+ CCCCCC t I
|
yrs I 15-30yrs
EOL management | (modLé)Lar
proper product | e
treatment |
ptimized result | - EOL manag
me
10 yrs N/A I -Proper operational
P 1 1 I |  support
| -Proper produc
20+ I 5_15 N/A maintenance
Yrs | Vrs
%
45 N/A |
|
|
|
|
|
|
Take- 1
make-|
dispos?
e : b
make- o dispose
disposd 20% | .
I I 3%
| | |
I |
j— I 1 ) E— ? — ’ E— S E— * | — | E—
4+ 4+ 4+ 4+ 4+ 4+
o5 L2 ©T=Z $F5 1 0CF5 L= T Y5105 L vz 85
S 0O n O > = SS 1 2o n O o R SS 1 S o n O - R s S
O] T > T @ ) © O > T @ > ®)] T > T © )
w -5 @ | wn =5 O I wn -5 ]
o o go oS QO N O go oS O N O ;o oS O N
a = ) a < VS a = 0) o < (O o = ) a < (O
= 5 xS | = 5 xS | = S x S
| |
O u Fmatgrial O = value of material
leakage contributors O L contri
f the reage linea O ° S pr
du

CREAr

Theoretical findings
Alighed!

Empirical findings
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3. What are the benefits of a Product-service system @ %i@ = j
(PSS) to the consumers and PSS providers?

Benefits of providing PSS (PSS providers) Benefits of using PSS (PSS consumers)

Gain market Increase P_roduct_ porfolio Increase
@ share ~ T > @ company _C“'CU'-a”ty ------------------------ > asset
profit Improvement value
E Access the guaranteed high quality product

Resource with cost-effective fees

optimization
Increase flexibility and

(5
@ Product porfolio circularity adaptability in product use

improvement
Outsource risk and uncertianty

during using product
PSS provider - consumer relationship

enhahcement
Financial benefit

(accomplish work scope without capital)

Best aligning with consumers’ demand

Theoretical research ﬁnding52



3. What are the benefits of a Product-service system
(PSS) to the consumers and PSS providers?

Prioritized benefits of providing PSS Prioritized benefits of using PSS

(According to 3 PSS providers cases study) (According to 8 cases study)

Top T°F_’
e

Financial advantage Outsourcing risk and
in using PSS uncertainty

Increase company
profit

@

Gain market

Access the guaranteed high

share quality product with
: cost-effective fees
ow material leak-
age minimization is )
Product porfo-  pegource IOOSitiO ned? Flexibility in using a product

lio circularity

_ optimization
Improvement

Product porfo- Material
PSS provider - con- _lio circularity E— lef‘;\lfag_e _
sumer relationship Improvement minimization

Other PSS

Other PSS
benefits

V

Least
priority

%4
Least
priority

Empirical research finding >



3. What are the benefits of a Product-service system

(PSS) to the consumers and PSS providers?

Prioritized benefits of providing PSS

(According to 3 PSS providers cases study)

Top
priority
N

/

AV 4
Least

priority

@

Gain market
share

Product porfo-
lio circularity
improvement

Increase company
profit

Resource
optimization

PSS provider - con-
sumer relationship

Other PSS
benefits

Prioritized benefits of using PSS

(According to 8 cases study)

Top
priority
N

D

Financial advantage Outsourcing risk and
in using PSS uncertainty

Access the guaranteed high
quality product with
cost-effective fees

D

Flexibility in using a product

Material leakage
minimization
feature has not
yet been the

.................)

primary driver for
consumers and
providers in PSS

Material
leakage
minimization

Product porfo-
lio circularity —
improvement

A4
Least

priority

implementation

Other PSS

Empirical research finding 54
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Main research question: To what extent does the
Product-Service system (PSS) help corporate real
estate (CRE) in minimizing material leakage?

MATERIAL LEAKAGE
PSS CONSUMERS PRODUCT-SERVICE MINIMIZATION OF
(CREM) SYSTEM IMPLEMENTATION CONSUMERS

Material

leakage Material

reduction leakage

(Wwithin teristic minimiztion

oroduct contributors Improve product
circularity

life cycle)

Material
leakage
reduc-

Product responsibility

b allocation
1of (to PSS providers) Less/ or non product

(for con-

responsibility
sumer)
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AsG. 7% 0

Circular economy in CRE

Discussion

1. Most of the PSS which are provided in the market
are small components (service layer components)

2. The building layer component is almost not pro-
vided as PSS

3. There might be a better procurement strategy for
minimizing material leakage than PSS
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Research relevances

Scientific relevance

PSS is a promising strategy that has the potential to
cope with material leakage issue.

However, the specific scientific literature on minimiz-
INg material leakage by applying PSS is still limited.

Practical relevance

Demonstrate the potential of PSS implementa-
tion for the material leakage minimization.

Besides material leakage minimization, other ad-
vantages of using PSS for CRE are also investi-
gated

AnE T . o
e 7 =g ' ?'m -Jﬂ_'- 'J*F -'u‘ IIII-‘:1.'. o i
P . o
s e { ., i

e[

Socletal relevance

PSS has already been a success in many other
sectors (e.g. Netflix, Spotity= entertainment, or
gym and fitness subscription)

PSS could evolve how corporate real estate

portfolios access the product functionality in
many ways.
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Research limitation

- The information source regarding using PSS in
CRE is limited

- The Iin-depth information regarding material leak-
age minimization by using PSS in CRE Is limited.

- A small number of cases

e[

Further research recommendations

- The amount of minimized material leakage by
using PSS

- A deep investigation of material leakage minimi-
zation benefits by using PSS in the CRE

- A strategy development that could overcome the
implementation barrier of building layer PSS imple-
mentation

tio

ow to promote the material leakage minimiza-

N feature to be the main driver for consumers to

use PSS.
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