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Abstract: Todays customers have an increasing intereshajor ideas that are discussed with regards to their
on the sustainability of the products they purchase. Ipotentially beneficial impact on the environmental
order to full fill this customer demand many business lodustainability. One of them is the sharing economy in
into new ways to design their products to balance th&hich the ownership of a product is no longer sold but the
sustainability required by the customers and increasingccess to the product [2, 3]. A prominent example for this
value for their shareholders. These factors are usuallyould be car sharing services which have been increasing
viewed as conflicting points, which in most cases leadsito availability over recent vyears. The positive
the result that sustainability is only considered to the barenvironmental impact is mainly attributed to that fact that
minimum necessary. In order to solve this differeress products overall are necessary to allow access to more
business models have to be considered in whidonsumers [2, 4]. The other one is the concept of the
shareholder value and sustainability are not conflictingcircular economy in which products are usually designed
Product-service systems (PSS) are considered asirmaa way to decrease necessary resource input, improved
possible solution to provide economical and sustainableaintainability and repairability and reuse recycling and
solutions. As a means to evaluate these PSS, life cycle aestirbishment schemes [5]. With this they aim to decrease
(LCC) analysis and life cycle assesment (LCA) are usélge overall resource use required to maintain the system
to evaluate the economic viability and the sustainabilitgnd therefore increase the environmental sustainability [5,
respectively. While LCA showcases the positive impa@t When evaluating case studies many authors come to
PSS have on sustainability the results are not enoughttte conclusion that for the implementation of circular
convince decision makers. Therefore this paper uses L@ onomy concepts an extrinsic regulatory push is
analysis focusing on the aspects of maintenance and fleetcessary to create the necessary economic incentive,
utilization and how cost reductions in these areas alsehich would lead companies to implement them [7, 8].
benefit a products sustainability. With this it is possible t@herefore finding a business model that does not rely on
show the economic and sustainability advantages of P8&rinsic stimuli to encourage ecologically sustainable

over conventional products. choices is important to encouraging the implementation of
Key Words: Product-service systems, life cycle costing, ~ Circular economy concepts. One such business model that
life cycle analysis, Sustainability has recently been in the focus of research as an enabler

towards a more environmentally sustainable economy is
the product-service system (PSS) [9-12]. This research
1. INTRODUCTION usually is investigating the positive environmental impact
fot|hat can be achieved through the use of PSS business
dels and how these have to be laid out [10, 13].
epending on the structure of the PSS there can be a
legislative measures in place to ensure that compan gcater overlap in economic anq environmental interests
conduct their business in an environmentally sustaina e to the f"?‘Ct that the owne_rsh|p of t_h_e product does not
ansfer as it usually would in a traditional sale. But in

manner. An example for this would be the emissions® > ) ) : :
%plte of this there is no wide spread implementation of

In recent years the consumer demand
environmentally sustainable products has been steadi
increasing [1]. Additionally many countries have pu

trading system implemented by the European Unio L ;
which incentivizes reducing greenhouse gas emissio S [14]' A_ probable _explanat|0n is that the economic
But since all these factors are extrinsic in natur enefits of implementing a PSS over a conventional

companies are not incentivized to exceed the requiremeﬁfé’OIUCt is not clear. Therefore this paper W'” Propose an
given to them. Due to the fact that a companies maﬁpproac_h on how to evaluate the economic advantag_e a
objective is to generate value for its shareholders. PSS might have over a conventional product, while

Therefore significant amount of research has beiﬁ‘?eping in mind that the final PSS should also have a
A

conducted towards changing the current consumptiRWer environmental impact.
based economy to something more suitable for
environmental sustainability. Currently there are two
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2. RESEARCH BACKGROUND strategic characteristics are: orientation of bigrednsfer
The following section will aims to explain the cept of ownership, responsibility during use, managenaént

of a PSS and how they can be classified so thatimg#al life cycle activities, availability of offering, gansion of

constraints can be made towards which area of BSSPENefits and basis of economic value. While thélseva
.for different combinations of characteristics then

focused on. Furthermore the concept of sustaimgbili : ) :
described by Tukker, it also shows that they cahi=t

explained with its three major aspects as to avoid- . _ )
misunderstandings how sustainability is considératis ~ 2ligned with the tree main categories proposedukkar.

Paper. Lastly the methods of LCA and LCC, which arBecause for each of the strategic characteristiretis a
already in use, are explained to show how theyoearsed 'INite number of general principles that can be leyed,

and where their shortcomings may be with regardheo for example transfer of ownership can either beieadiout
aims of this paper. or not. The further focus of this paper will be ose

. oriented and result oriented PSS where not traraffer
2.1. Product-Service Systems ownership takes places and the PSS operator retains

Product-service systems are business models whiewnerSh'p of t.he prqduct. This is <_jue to the faat many
not just focus on the sale of product but also domthese sources that Investigate the environmental sudtiitya
products with associated services or even foregs#te of PSS often focus in this area as well [9, 10,23},
of the physical product entirely and instead sedless or 2.2. Sustainability

the results of using the product. Thus these P®%hea N ) )
surmised a s a combination of products, services, AS @concept, sustainability was introduced in 1687
infrastructure and supporting networks [15, 16].i/all the World Commission of Environment and Development

PSS share these components the degree to Whiclartbleyin the Brundtlz_;\nd Report “Sustainability is th?
utilised can be used to classify different typeB86. This development which meets the needs of the presémouti
has been done by Tukker who differentiated differerfOmPromising the ability of future generations teen
types of PSS based on their different levels ofiser their own needs” [21]. .

integration [17, 18]. On the one hand there are the SiNce this is a far reaching and abstract condbpt,
conventional products which are sold to the constané Triple Bottom Line and the Three Pillar Model break

on the other hand services, with everything in ey dOWn into the dimensions economic ~(profits),
falling into the category of PSS. As shown in Figur enviropnmental (planet) and social sustainabilityaple)

Tukker divided them into three distinct areas whigh [22]-Thereby, economic sutainability puts the foonghe
calls the “Product oriented”. “Use oriented” ande th Auestion whether resources are used in an efficiedt

“Result oriented” business models. responsible way to enable long-term competitive
advantages. Enviromental sustainability adds the

; perspective how the consumption of resources egult
value Product-service system Value . . ..
mainiy in mainly in environmental impacts, e.g. energy use, emissions a
e I — Sef;’i:ftzlfgigi;“ service waste. Social sustainability is concerned with eingLthe
content | | angible) content well-being of the people involved in an organisatio
(internally and externally), e.g. by improving worg
Pure A: Product B: Use oriented B: Result Pure d-t- |-t d h |th
Product oriented : oriented Service conai |o_ns, equal y _an ealtn. . . .
The implementation of sustainability in production,
1. Product | |3. Product 6. Activity more generally in a business model, is possible by
related lease management . . .
2. Advice and | | 4. Product 7. Payper following three strategies [23]: (1) Efficiency nmsathe
cosultancy renting/ service unit improvement of resource performance and usagetheg.
sharing 8. Functional
5. Product result reduction of environmental damage by optimizing
pooling production. (2) Consistency targets on circularapphes
Fig. 1.PSS Classification [17] where unwanted outputs can be used as input far oth

value leveraging activities or reuse of resources i

Below these three main categories of PSS he definemphasized. (3) Sufficiency means a more fundarhenta
eight more specific PSS in subcategories assignttttse change in the consuption behavior, e.g. towardseirg
[17]. In the product oriented category there idl €ti economy [3], where innovative business models are
transfer of ownership between the PSS operatortfaad necessary [24].
customer and the services are only supplementasg. U
oriented PSS are where the traditional sale of ymrtsdis
no longer an objective and the product ownershipaias According to ISO 14044 life cycle assessment (LCA)
with the PSS operator. The product is then madiadla is defined as method which is meant to evaluate the
to customers for limited times. Third is the catggof environmental aspects and impacts of a product ser
result oriented PSS in which only a result is agregon  entire life cycle spanning from gathering of theuieed
and not a predetermined product that will be used tesources until its eventual disposal, also knosvoradle
achieved said result [17]. But there are also othep grave [25, 26].
researchers that suggest the scope of the subdatgoThe method of LCA contains four major phases:
described by Tukker are not comprehensively able to 1. Defining the goal and scope.
describe all possible PSS. Therefor Tan has destRi$SS 2. Inventory analysis.
as a combination of seven strategic characterigtatsan 3. Impact assessment.
take different form depending on the PSS [19]. €hes 4. Interpretation.

2.3. Life Cycle Assessment
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In phase one a goal and the target group of thHgsiga consumable parts, maintenance, repairs, exterpairse
are defined, as well as the functional unit to balgsed and external inspections.
and its intended function. Furthermore the boursaof

the system have to be defined to determine whicts jod
the process have to be included. A method for estims @

of impacts und the relevant impact. Additionallye th

datatypes and sources for this analysis have to
identified and requirements for their quality hawde set.

Production rt
Lastly in case of a comparative study the comptitabi e :
the two systems has to be established and the taspiec T |
critical discussion. The second phase inventoryyaisais P— “;m;j ;:_i—; ]
there to determine all internal flows between thecpss A |
modules within the system and the input and ouijout Fig. 2.LCC composition [29]
the system to the environment. For this flowcheats be
used as a visual aid [26]. The data used mushiited to The LCC of the product is then calculated as: Time s

the functional unit and the goal defined in theviyas  of capital expenditure plus operational expendittinees
phase. Phase number three is where the resultpfiase the total time of use. For the calculation of the s

two are assigned to impacts categories and thee #®, components the following equations are defined3sy:[
using impact indicators, assessed with regardhed t

environmental impact. In the last phase it is estdd Wear Parts = o

which kind of issues the results of the other steght ~ yoomPonent™ ESCZ,S;Zfefdﬁgﬁai;f:ioﬁz;fx 1)
indicate. But it also contains an evaluation of @halysis b

performing sensitivity and consistency analysisConsumable Parts =

Thereafter giving a final conclusion, mentioninge th ycomponentn __ Costs of individual omponent x )
analysis limitations as well as recommendations i; component =1 replacement intervall of component x
possible. With this it is evident that the resdlttee LCA  Maintenance =

are only useful when assessing the environmeniahéin yicomponent n Time for maintenance * labour cost 3)
of a PSS. While some of data that is collected midgp component X=1 maintenance intervall of component x

be useful for assessing the economic sustainability

> Repairs =
method over all is clearly not. Zcomponent n  Time for repair * quantity = labour cost (4)
component x=1 repair intervall of component x

24. LifeCycle Cost
External Repairs =

I__if_e cycle cos_t (LCC) was initially developed for Zcomponentn Costs for external repair of component x
decision support in the US Department of Defencerwh “componentx=1"" 1¢pair intervail of component x ®)

making procurement decisions and remains in usi uné
today [27]. But today’s usage of LCC as a measun¢sne
for economic costs of a product over its entiretifhe hast
expanded. For example it is now used for a varddty ) .
different products and use cases [28]. In somesciase Because all equations are component specific, it is
used to support the tasks of portfolio managepoduct possible to calculate the operatlo_nal expendntqes;he
developers for an early assessment of LCC duriaguyt complete product and the operational expenditurea o

development [29, 30]. LCC is also prevalent in thgomponent level. With this information this method
construction industry [31-33]. There are also indas €NaPIes more than a comparison of entire produsgde;

norms written on how to calculate LCC with the IEQ! identifies cost drivers enabling the targeteanping of

60050-191:2014 describing general approach towar§gstreduction measures [34]. These LCC structares
LCC allowing the reader to gaining a generaTake” into consideration when comparing the LCG of

understanding on life cycle costs and differentrads to PSS With those of a conventional product to deteerthe

determine them. Due to the fact that these methmlaot  €CONOMIc advantage that a PSS might provide.

very specific it is necessary to adapt them to esehcase

as required. The models developed for the congbruct 3. PROPOSED APPROACH

industry focus on immovable assets, since thisas N When the economic advantage of a product is

predetermined in the case of PSS the IEC 60052094: determined in this paper it is always done fromdide of

is cannot be directly applied. But there are alyeaddels the PSS operator. Since this way only the costsatea

that focus on PSS particularly on use and resignted actually incurred by the company are taken into

version. One of these is the model developed monsideration. This means that the LCC of a PS® kav

Johannknecht [34, 35]. Johannknecht divides teeyifle be compared to the prime costs of a conventio roalymt.

costs into two distinct areas: capital expendifiwagex) With this in mind it would make it exceptionallyffitult

which are mainly the initial production costs ando have a PSS with lower total LCC than the primsts

operational expenditures (opex) which are the costs a traditional product. For example if a car nfacturer

occurring during operation like material costs,dab had the choice between selling the car he manutzittu

costs and third-party costs [29]. As shown in Fégdr directly to the customer and renting the car toscomers

these costs are then further divided into wearspartas a PSS. He would have to incur the prime cost®tin
cases but in case of the PSS he would also hayaeytéor

xternal Inspections =
Zcomponent n  external inspection cost of component x (6)

component x=1 mgintenance intervall of component x
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operation of the service as well as the repair aratquire the product used to provide the serviceit Wiis

maintenance of the product to ensure availabittyhe
customers. If this were the only difference betwP&g

in mind it is at least equally important to generat
scenarios of customer demand over time to determine

and traditional products they would be economicallywhether or not the service will be bought by custom

unsustainable and thus see no use at all. Butetrenue
structures of a PSS are different as well allowfimgthe
possibility that the overall profits can be greadsrwell.

during the time the product is available to the PSS
operator. While generating these scenarios itps@ally
important to consider if there is going to be asseality

Therefore when comparing the economic advantagas ofo the customer demand or other fluctuations in atein

PSS and a conventional product their profits ferehtire
time in which the operator (manufacturer)
ownership of the product. Additionally there netulbe a
consideration with regards to the risk that is ired with

generating the revenue. With conventional prodtiuts
product is only sold once and therefore it is alsvélye
entire revenue that is lost but the chance for ilms®t as
frequent. With PSS the individual cash flows amdglly

not as large but they have to occur multiple tinesrder
for the PSS to generate enough revenue to balencesi.

From this the method show in Figure 3 can be ddrivecertain

consisting of five distinct phases.

Determine prime Determine LCC of
cost of product PSS
Determine
projected PSS
lifetime
Determine Determine
@ potential revenue projected
for product sale customer demand,
Determine PSS
life cycle revenue

Estimate risk for
loss of revenue

Estimate risk for
loss of revenue

Calculate profit Calct_JIate profit
over life cycle of
for product sale PSS
—

Compare results

Fig. 3.PSS economic evaluation method

that could lead towards an inconsistent generatibn

retainsevenue. Also here is where one of the advantagdP&S

lies since the revenue necessary to make a PSigaplef
can be generated over a longer time period theiohehl
price for the sale can be lower than the costeeptoduct
used to provide the service. This can open up denm
area of potential customers since the financiatidato
use of the product is in many cases considerahigio
than the cost to buy and own the product for offeAlso
once a customer has used a PSS for the first biare tire
switching cost associated with using a
competitor's product or PSS instead. Thus giving an
advantage to PSS operators once an initial salensde.
Lastly the PSS lifetime and the potential salesr dtge
lifetime have to be combined to determine the diera
revenue the PSS will generate.

Phase 3:Following that in phase three there needs to
be an evaluation on the likelihood with which theright
occur a potential loss of revenue. While for the
conventional product this would be signified thrbug
single probability of the product being sold or ndtile in
the case of the PSS there many instances whesertiee
will be sold and therefore a potential loss of rexe can
occur. Therefore each revenue event has to be ethtch
with a probability of occurrence although these hhig
remain stable over a certain amount of time and/ onl
change based on seasonal factor. But they caibalgery
irregular. If the LCC of the PSS and its overaltomontain
costs that only occur when the product is actuald the
risk should also be considered with these variabkgs
since they also don't occur if the sale does rike fdace.
This means that the negative impact of individust |
sales events is mainly impacted by initial invesihwost
of the product and other fixed expenses that ajeired
for operating the PSS.

Phase 4This consideration leads right into phase four
in which the overall profit that is made by the R the
conventional product is calculated. For the conoesat

Phase 1:Phase one can be completed by calculatingroduct this is as simple as taking the potengaknue

the prime costs for the traditional product andibiyng the
methods described in section 2.3. to calculateirthial
investment that has to be taken to create the P83tsa
ongoing expenses during its operation.

times the probability of the sale minus the prirosts of
the product. For the PSS the calculation is shghtbre
difficult the costs of the PSS have to be splib iobsts that
are fixed cost, cyclical costs and variable colséd only

Phase 21n the second phase the potential revenue hascur when the PSS is providing the service tostorner.

to be determined for both. While determining théeptial
revenue possible for traditional product based anket
research and using product demand functions tordate
a realistically achievable market price for thedarct. For
the PSS it is important to first look at the poigintime
that the product used to provide the service canistuse.
Because a product that can be used over a longerisi
preferable. This is based in the fact that the éong
product can be used the higher its profits will diece
there is an initial stage where the PSS is gemgyddéiss
profit since it has to balance the initial investinéo

Then the individual profit of each sale event for a
timeframe that aligns with the maintenance cyclethe
product can be calculated. With this the cyclictsdgmve
to be subtracted and the results the multiplied lite
number of cycles this product can be used untikti of
its life. At this point one would have the profitet PSS
would generate if there are no fixed costs to dpettae
PSS over the given timeframe and its initial pusghar
manufacturing is free. Therefore the last step subtract
the fixed costs and the result is the profit theSR@l|
generate over its life time. This can be simplifiatb
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formula 7 withS,, as a function that represents the sales (6) and in this case will amount to approximatgB/€
during a cycleR, standing for the revenue per salg, ~Per month. With this all necessary cost informammut.
representing the variable costs per sajethe probability the PSS and p_roduct are obtained and can be ugbd in
of the sale occurring;, the costs that occur at the end ofUrther calculation.

each cycleL the number of cycles the product will have

during its lifetime andC the fixed costs incurred for its Table 1.PSS and product costs
entire life. Type Capex | Opex persale Opex per cydle

PSS 2.550€ 42€/Salg 53 €/ montp
PSSP = ((sp (R, — Cy) *py) — Cc) «L— Cp. (7) | Product| 2.550 € - -

Phase 5:With all this done the last phase is the Forthe next phase the potential revenue of théymto
comparison of the results of both calculations. M/hi has to be determined. In the case of the conveition
doing this it is important to consider the lifetiméthe product a comparison to other fully automatic ceffe
PSS. If the lifetime of a PSS is so long that cooof  machines on the market shows that professional imode
the conventional Product might buy a new productndu  retail for anywhere between 4.000 € and 22.000 €.
the time of operation it is important to multiplyet profit  Therefore assuming a margin of 30% would resuthin
of the conventional product accordingly. Furtherenite  coffee machine having a retail price of 3.315 € chhi
PSS and conventional product should be comparéd wi§eems reasonable considering the potentially eifiier
the assumption that there is a singular customerder feature sets of the competitors and allowing facepto

to allow for an equal comparison. also be a selling argument. For calculating theenere
generated by the PSS the first step is to deteriténe
4, CASE STUDY lifetime. Since this is dependent on a multitude of

This section will use the previously described rodth different factors, like repairability of the produc
on a coffee machine that was developed as a P8 attéchnological longevity and business strategy d@uss
IPeG, which allows for an easy and extensive actessthe determination of a distinct lifetime for a pund is
cost data. Additionally the fact that coffee maelsirare Very difficult. Therefor the lifetime will remain eariable

suitable example for this case study. order for the PSS to generate profit. For the deiteation

For the case study the possibilities of the coffe@f customer demand and sale events, data fromettier&l
machine being sold as an individual product andhen Statistical Office of Germany about hotel occupaizy
other hand as a use oriented PSS will be compatesl. Used. This data is shown in table 2 per month anthe
machine brews a large batch of coffee and theesibin ~0ccupancy percentage. The occupancy percentafgeris t
a thermally isolated tank, to allow for a quickptisse of Multiplied by the number of days in any given moati
coffee if required. Additionally it can brew furtheoffee ~ divided by two to reflect the fact that most corfere are
if the tank volume falls below a predefined thrdgh@his longer than a single day.
makes the machine especially interesting for coroiaker
users like conference hotels, which would like toyide ~Table 2.Anual customer demand

their guest with freshly brewed coffee during sessi Month Occupancy Sales Events
breaks. 1 49,5% 8

This coffee machine can be operated as either bne|o 2 55,6% 8
the two business models. But it is still uncleaickione 3 58,1% 9
would be more economically beneficial. To determie 4 61,1% 9
the previously described method is employed. Tihas t 5 62,8% 10
first step will be to determine the prime coststoé 6 69,6% 10
product and the LCC of the PSS. While the primescof 7 67,3% 10
the product can easily be calculated with the espesf 8 67,2% 10
the required material coming to 2.000 €, the 9 73,1% 11
manufacturing and assembly with another 450 € as 10 67.3% 10
expenses and administrative and distribution cosfts 11 61.2% 9
contributing another 100 €, the overall prime cadtthe 12 55,0% 9
product are 2.550 €. With this the initial capital

expenditure (cape_x) fo_r the PSS is also clear @C"’"“ The minimum revenue necessary for the PSS to cover
this case they are identical. Therefore only theraponal s gpex even in the slower months of January and
expenditures (opex) have to be calculated addifiona eprary would amount to approximately 49 € pee.sal

with the further division into costs that only oc@very g since also the capex needs to be covered angot
time a saI(_e IS performgd and costs that only OWF”‘“” is to make a profit a margin of 40% is used resglth a
predetermined cycle time. Opex that occurs withreve sale price of 68,6 €

sgle in this case is 17 € for post transport toctistomer Phase three requires the estimation of the riskatima
site 10 € handling cost for packing and unpacking t i en sale does not take place as originally asdurhe

shiprqent and ,15, € for cleaning the retuned coffefi, the determination of the PSS lifetime there @aany
machln_e, resulting in a total opex per s_ale Of 4B COSt jjifferent factors known and unknown that might ircpa
for cyclical opex can be calculated using the fdesyl) o sgle of the product or service, for exampldobal
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pandemic would severely impact the sales of the. PS& figure 6. with negative values indicating thdtet

Therefore the same approach as with the PSS lieism
taken here and the probability is taken as varialiien
determining the profit.

With this the profit for the conventional produanc
be determined and displayed as a plane illustratimgre
the risk would be acceptable in comparison to ¢évemue
generated. Also the assumption is made that aifter f
years of use the customer will probably buy a nefiee
machine resulting in an additional sale. The rasylt
graph is shown in figure 4 with a distinct jumpeaf60
months due to the additional sale. But this onlg ha
positive impact if the probability for both sales high
enough (approximately 80%) otherwise the addition:
costs to manufacture the additional product

2000

it

°

o
s
8
s

profit (€)

0.4

months

0

probability

Fig. 4. Conventional product profit

For generating the profit data for the PSS it i
advisable to first determine the profit per montbdye and
disregarding the fixed capex costs and cyclic dostsase
of calculation. Therefore only calculating the tinmer
most brackets of formula (7). Resulting in a praofiat
only takes in to consideration the variable cast®lation
to the revenue which in this case would only batwes
since the variable cost only occur when the revelugss.
This makes it very important to combine those rtsswith
the cyclic cost and the capex of the PSS to ginealistic
representation of the profit, resulting in the gansible
in figure 5.

0s

P o
2 \/«g‘ 02 03
0o o

month probabilty

Fig. 5.PSS profit

conventional product is better and positive values
indicating the PSS is better.

20000

15000

< o3

probability

Fig. 6.Profit advantage

This shows that conventional products excel in €ase

where the longevity of the product used in the RSS

comparatively low or when the sale of the serviz¢he
customer is very uncertain. The advantage in thasmple

is very pronounced which is most likely due to the
difference in profit margins between PSS and
conventional product. To investigate this assunmpto
additional calculation is performed with the prafiargin

of the PSS reduced to 30%. This then results irpliuee
shown in figure 7. which has a much smaller aremhiith

the PSS is more profitable.

4000
3000

2000

3
8

rofit comparison

-1000
2000
-3000

4000
120

months

0 o probability

Fig. 7.Profit advantage for identical profit margin

This is confirming the overall assumption that PSS
have to be operated for a longer time and withfécgent
number of sales that actually occur to generatemuoofit
than a conventional product. But especially notieds
also the fact that given a long enough timefraneeRBS
can be profitable with substantially lower sale
probabilities than the conventional product, whigeds
the aforementioned ~80% to be profitable. In cattea
PSS operated for 10 years with the same margin only
needs slightly more than a 60% sale probabilitybéo
profitable. But it hast to be kept in mind thatlis case it
would take 10 years for the PSS to turn a profiticlv is

The results in figure 5 behave as expected and showt desirable.Furthermore it should be mentioneat th

that for low sale probabilities the PSS generateeasing
losses over time while performing its best ovemgldéime
with high probabilities of sale.

This leaves only the final phase of comparing th
results to determine the better business modekHisr
case. For this the constructed planes can be @partbto
show where the PSS business model is better than
conventional product business model. The resshdwvn

additional analysis would be possible by varyingeot
parameters of the product and PSS in order to mater
their impact on the comparison.
e

5. DISCUSSION

Overall there the assumption that PSS can be

ghvironmentally more beneficial because they aelus

over a longer period of time can be supported byemic
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benefits. This means that PSS have an intrinsieniie
to be designed to have a long lifetime which vabult in
lager profits than a comparable sale of a convaeatio
product. Furthermore the certainty that any givate s
event take place can be lower for PSS and thdywstil
be profitable because there are many chancesltthsel
service again and again during its lifetime. Thia further
incentive to utilize a product with a long lifetinie the
PSS because that way individual sale events caof be
higher uncertainty without making the PSS unprbfiéa
But there also some problems that need furth

6. CONCLUSION

The overall goal of this paper has been achieved
presenting a method that can be used to deterrhme t
economic viability of a PSS in comparison to a
conventional product. Also the profitability reqeinents
of the product in the case study align very welhvithe
requirements generally associated with
environmentally friendly PSS. To be certain thi th not
just coincidental further case studies have todréopmed
with the method proposed in this pare. Additiondtlis
#lecessary to perform further research into the anfre

an

consideration since the method only compares dverghgh fiow over time, the use of multiple produata PSS

profit of PSS against the profit of conventionalguct the
time that is required for the PSS to generate @wmeatn
investment is not taken into explicit calculatitihcan be
found in the planes shown in the previous chapter
looking for a month when the profit turns positiveder a
given sale probability. Though this is not all that
impacted by the shift of cash flow form a singleesavent (1]
once to many sale events over a longer periodnad.ti
While usually a steady cash flow is preferred, tuéhe

fact that cash has to be available to pay runnirsg, ¢here

are arguments to be made that a single lump sumeuaty (2]
would be preferable. Because in the PSS case there
need for cash that has to be full filled but wdrétbecause

the individual sale profit is much smaller tharthie case

of the conventional product. This is also supporbgd
discounted cash flow methods which show that theeva

of money being available immediately is greatemtha
money being available in the future.

Additionally in the case of a PSS the risk that the
product might become unusable remains with the P44
operator instead of getting transferred to thearust. In
these cases the lifetime of the product would géeshort
and resultin the PSS not being as profitable &sipated.
The change in profit from this can be seen in tharés
by looking at the point on which the product wotdd.
But this does not consider the probabilities withich this
would happen. This risk is difficult to quantify foee
implementing the PSS, a possible solution to miéidhis
would be to increase the profit margin to shift gant
where PSS has generating an overall profit to alieea
point in time in which case the product being Msuld
not be as bad. Another possible solution to migghis
risk would be to utilize a fleet of products so ttliae
lifetime of an individual product being cut shodesd not
have such a large impact on the overall profitef PSS. (8]
This of course would necessitate the fact thatRB&S
offering is not just sold to one customer but iagta large
number of different customers. This would also midsn
one product being sold to multiple customers insirea
the number of sale events in a given timeframe amd
increased probability that these sale events \etilialy (10]
occur. This would be representing the increase in
workload until an individual product reaches itsdimaum
workload and a second product is necessary to wuipgl
service to the customer. But it does not simuldie t [11]
impact that simultaneous customer demand would bave
if it can be supplied or not and how that would aop
potential future sales.

and

(5]

(6]

(12]
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multiple customers have on the results in e c

study. Also whether the proposed method can hdeeto
t;';ldjusted for these cases or if it can still be usezhanged.
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