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Abstract

Product-Service Systems (PSS) were developed as sustainable alternatives to traditional prodatgss especially through better and more
intensive use of materials. Some companies cuyrest this business model successfully, while sthee still in the process of transforming
to PSS. The change from providing a product to iding a service has proved to be rather difficuldl actual sustainable benefits have been
questioned.

The research described in this paper was parteoS#8rvINNOV project. The initial idea was to findtaf, and how, indicators could help in
the move to PSS. Indicators could give a clea®upe of the situation and monitor progress dutirgtransition period. Indicators could also
help companies focus on their core activities, dettrmine whether a PSS offering really helps thetmecome more sustainable. The study
covers an overall view of sustainable indicatorigh & focus on environmental issues.

The research for this paper was carried out thrdagih theoretical and empirical studies. Empirioadings were obtained from interviews
with three companies, all of them working with P&8&different levels. The results will guide trafwitto provide more sustainable PSS.
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1. Background

In the PSS research field there are many diffemegthods to help companies when developing thearioffjs. One of these
methods, currently under development, is the ussceharios. Scenarios can help companies to ciretbieir progress by
enabling them to better understand their curré¢otson, as well as where they want to be and wtteg are, so that they can
make the right decisions to reach their goals. Wi&ng scenarios it is useful to measure both gsmand development to see
if the company is moving in the right direction;eoway of doing so is by using indicators. Indicatare used to follow up on the
different key interests that the companies wolkd to reach. Although these indicators are indiglda each company, the aim
of this research is to find indicators that are ensuitable when developing PSS so that companidseiriransition towards
providing PSS can get assistance in their choiéedi€ators when developing scenarios. The scesavith be developed to help
SMEs as they make decisions to develop better amd sustainable PSS offerings

2. Objective

The objective of this paper is to determine whiaghtainability indicators are important for three Bd/in different phases in
their development towards providing PSS. The stuillybe carried out in the form of interviews witfersonnel from the three
SMEs.

The study aims to build a scenario reliant onedéht sustainability indicators, work which will therther developed by
researchers in the French-funded ServINNOV project.

3. M ethodology

A literature review was conducted via the Ebscocbigry Service search engine. The keywords useé wgy. “product
service system AND environment”, “PSS AND enviromtie“PSS AND sustainability”, and “sustainabiliipdicators”. To
give an idea of the scope of the search engineaecls on “product-service system AND sustainaliiligturned around 6500
hits. Research papers were then selected accdadthgir relevance and publication year.

In order to expand the study and verify the resultsn the literature review, empirical research wesformed. The empirical
research was carried out through a series of ilet@s/trying to seek answers to what sustainabititiicators the three SMEs
working with PSS were most interested in using. Tan objective of the interviews was to determindhe SMEs used any
indicators, and if they found the indicators frone tliterature review interesting. The idea was atsmnake the interviewees
reflect on their own situation to determine thesmrabehind their choice of indicators.



4. Scenarios

The term scenario ikonsidered a synonym for an overall vision of stmrg complex and articulated — a set of possible
conditions, or transformations, affecting the domainder consideration{1]. Building scenarios is a process that can help
companies and business networks when developingsnstainable products, PSS or other businesses\$ldlevelopment of
PSS offerings in many cases is realized with séudifferent actors, it is a necessity that the efiéint actors have a shared
understanding of the problem, and that they hagbaxed vision so that they can ultimately come ith @& shared solution.
Furthermore, the nature of the system change netmlexthieve sustainability includes social, culkutachnological and
organizational aspects [2]. To be able to make suttansition, good communication is essential emald be facilitated by
building scenarios [1]. There exist several différéypes of scenarios, for example genius foreegstirend extrapolation,
incasting, and probability trees [3]. Previous wwiikhin the servINNOV project studied how scenangesre suitable for helping
decision making in SMEs that want to move to PSSiness models. They outlined that in this proceslicators can play an
important role [4].

5. Sustainability Indicators

According to Olsthoorn et al. [5], indicators ammgle units of measure that are critical when mgldecisions in a complex
environment; as previously mentioned, this is theecwhen developing a PSS offering. This is beckaéeators can be used to
give a reliable and comprehensive picture of aasitm and trend [6]. The OECD [7] defines an inthcas“a parameter, or a
value derived from parameters, which points to, vmes information about, or describes the state af
phenomenon/environment/area, with a significancensling beyond that directly associated with a pagter value’! The
OECD [7] also points out two utilities for indicaso to reduce the number of parameters and measatemeeded to provide a
picture of a situation, and to simplify communioati The OECD [7] also emphasizes that the utiliéfan indicator set depend
on the size of the indicator set, and that indicashould be seen dthe best knowledge availablealthough they may not
always have a solid scientific basis. Joung et[&]l.describe the following criteria for indicatorsneasurable, relevant,
understandable reliable/usable, data accessibielytimanner, and long-term oriented.

In the report Environmental Indicators for Enviraemtal Performance Reviews [7], the criteria arepdeeand more
developed. The OECD [7] clarifies in the reportttiadicators should enable international compariso be based on
international standards, updated regularly, anketinto economic models and information systemsoAting to Moldan et al.
[9], the problem is not the availability of data meeasure the indicators, but rather the selectiah wse of the appropriate
indicators.

5.1 Environmental indicators for sustainability

Sustainability covers three poles, environmentabnemic and social. In the Global Reporting Initiat indicators are
distinguished according to three categories ofguerénce indicators, namely economic, environmeatal social. The last
category is sub-divided into four sub-categoriembol practice and decent work; human rights; sgciahd product
responsibility [10]. A different classification igrovided in ISO 26000 with seven core subjectsapbizational governance;
human rights; labor practices; environment; fairergping practices; consumer issues; and communitphrement and
development [11].

This paper focuses more on environmental issuddeTlacompares 16 environmental sustainabilitydattirs proposed by 6
different sources.

Different sets of indicators are available fromfeliént organizations and reports. Table 1 compa@&snvironmental
sustainability indicators proposed by 6 differemtirees. Most of the indicators were present inthedlsources. Similar indicators
were merged into one indicator; e.g., “emissiomsirf the Indicator Protocol Set Global Report Ititia [10] and “air pollution”
from Olsthoorn et al. [5] were merged into “air Gtyé.

Table 1 shows how different sources exert stresdiféerent indicators, but globally, the main oljees of the indicators are
similar.



Table 1. Environmental sustainability indicatoredi®y different sources where A = CEl — OECD Enwinental Indicators Development, Measurement and
Use, Core Environmental Indicators (2003), B = CGESurrent Opinion in Environmental Sustainabillygw to Understand and Measure Environmental
Sustainability: Indicators and Targets (2010), EIEB - Environmental Indicators for Business: a iRevof the Literature and Standardization Methdds[D

= IPSGRI - Indicator Protocol Set Global Reportistive [7], E = 1SO26000 [6], F = KEI - OECD Eneimmental Indicators Development, Measurement and
Use, Key Environmental Indicators (2003).

Environmental A B C D E F
sustainability indicator

Climate change X X X X X
Ozone layer depletion X X X X X
Eutrophication X X X X
Acidification X X X X X

Toxic contamination X X X X

Air quality X X X X X
Biodiversity X X X X X X
Cultural landscapes X X X X
Waste generation X X X X X X
Water resources X X X X X X
Forest resources X X

Fish resources X X X X
Soil degradation X X X

Material resources X X X X
Transportation X X

Energy use X X X X

6. Business cases

In this section, the information extracted from thgsiness cases at the three companies, CA, CEC@nds summarized.
Table 2 describes the case company characteristics.

Table 2. Characteristics of the case companiesestud

Characteristic CA CB CC
Years in business 60 10 10
No. of employees 50 18 1
Industrial sector Compressed air, hydraulic,  Electrification and automation  Sanitary water supply for
temporary electricity and primary for quarries and public health institutions and other
vacuum installations for construction construction works leisure centers
works
PSS experience Has used it successfully but had Has used similar business Is trying to implement PSS for
difficulties in convincing new models to PSS. Hard to its products but has had
customers convince new customers difficulties in convincing
large hospitals
Sustainability interests Economic Economic Environmental
Environmental Environmental Social
Social Social
Indicator experience Uses on a regular basis Hed us Does not use

6.1 Company A

Company A (CA) has four main business areas: wiges compressed air, hydraulics, temporary eegmiwer and primary
vacuum plants. The company designs and providesctmplete installation, including the organizatiof the plant,
dimensioning and building the park of machinesndityy machines and other equipment necessary tdheurplant. It also
ensures rental, repair and maintenance of the eguipto satisfy the customer’s needs in each ohbwe-mentioned business
areas, although it does not manufacture the achaahines itself. The company’s customers includristries, construction
projects, communities and, to a small extent, iitdials or other smaller entities such as garages.

CA and sustainability

Historically, CA has always been concerned by thatiouity of employment and activities. Given theture of the equipment it
provides, it has also been following the electricahsumption of its machines. After taking inter@stPSS and close
collaboration with academic partners, CA is nowdreing increasingly concerned with the environmentaisequences of its
activities. The company currently works on integmgtthe three different aspects of sustainabilityt$ business. In the social
aspect of sustainability, the company is mostlyufmd on its employees and their health and devenprithe company uses



indicators to measure its progress in differentd§e and is currently working to integrate the eommental aspects of
sustainability into the indicators it is currentlging. The manager of the company has sustainaagibne of his core goals. The
company has been certified with the Lucie labalstainable development label in France, showiagttte company is working
with sustainability according to the 1ISO 26000 (wyalvellucie.com).

CA and indicators

CA uses a great number of different indicators,cltit follows up on and measures each month. Tinepemy has indicators,
which it calls footprints, in six different fieldgpatronage, management of resources, supplierspneass, organization and
products. For each footprint it has defined thrifemnt indicators. These indicators were devetbjmgernally at the company
with an external model called SYBIO (sybio.fr). Tinelicators are only used internally, and they ém#iie company to see how
well it performs regarding the different aspectspafronage (financial endowment, number of apprentices arainées,
optimized business sustainability profiletonomy (treasury, result of work, investmengyppliers (compliance from machine
manufacturer, service, diversity of supplgystomers (customer satisfaction, recurrence, successfuletes), organization
(attendance, skills and knowledge, flow of inforima}, andproducts (amount of innovation in the offers, the reliatyilof deals,
use of equipment).

Most of these indicators do not show how sustamabé company actually is, but they do provide @upé of how the
company uses indicators. Apart from the indicatibvat it already uses, the company mentioned twerognvironmental
indicators during the interview that it found udef use:amount of transportation and amount of energy used. Both of the
indictors affect the environmental part of susthiligy. The interviewee found the amount of trangption useful, as it could
help them to visualize the company’s transportatioarder to lower the consumption of fuel, andstlidecrease the company’s
impact on the climate. One way of measuring thidat®e to use GPS devices on its vehicles, whitahar could be to have a
system to measure how much fuel the vehicles coaesdime amount of energy used could both affectcttrapany’s office
spaces and workshop, as well as how much its mashionsume. Other indicators that were discussadgdthe interview,
such as the amount of material used, are rathécudifto comprehend as the basic material usethé plants are already
machines and other products. A relevant indicatould/ have to be concerned with the specificatidrti® machines used or the
power necessary for running them.

6.2 Company B

Company B’s (CB) business area is to provide efaztion and automation to quarries and public stauction works.
Although it provides a variety of different softveaand products, the main ones discussed duringtiiew were Tamisoft, a
service that measures the sizes of rocks withdastequarries; a machine that makes methane gdghamaking of electricity
out of agricultural waste. The company has alseligped a system to decrease the amount of enesgledevhen drying hay
with the help of automation.

CB and sustainability

CB has always been concerned with socio-econoniecss, especially the status of its employees. cdmpany works with

sustainability in different aspects, both on anamigational level and with the products and sewvitgrovides. It is currently
revising its status from a limited company with lgighareholders, where the manager is the mairelsblaer, to a French
Cooperative Participative Societies (SCOP). Amotigeiothings, this means that that the staff elémtsmanager, but it also
affects the profit distribution, where all emplogewill share any profit (www.les-scop.coop/site/fiThis also increases the
employees’ influence in the company's decisionsauiiities. It is the manager at CB who is theveiribehind becoming more
sustainable. Concern about the environment is mement, however, and not very well developed.

CB and indicators

CB does not currently use any indicators excepinfeconomic figures it needs for financial statermeantd annual reports,
which are affecting the economic part of sustailitgbiCB has used some indicators in the past,itoistcurrently are not using
any indicators because it did not have enough torfellow up and measure the indicators. The foilayindicators are those
that CB is interested in measuring, based on tfernmation that was extracted from the intervieasonomic (return on each
deal, amount of won tenders, amount of productivitymber of satisfied customersgjvironmental (quality of the product,
amount of transportation, lifetime of the produgcts)dsocial (number of satisfied employees).

6.3 Company C

Company C's (CC) main business is to design andregllatory sanitary water economizing productshva focus on
showerheads. CC designs the showerhead and owsotlmte production locally. The CC showerhead diffeom common
showerheads as it has a special design to redni@ryarisks, especially the risk of legionella.clinsumes less water, which
results in a reduced energy consumption. The shwaeris modular and the end part can easily baaeg! This is important
from a hygienic point of view, and sanitary regidas in publically-accessible institutions requiegular replacement of
sensitive equipment. With a replaceable end pacgn be changed on a more regular basis, whicheeahto a decrease of risk
of legionella. The main customers are hospitalsjad and holiday centers.

CC and sustainability



The manager of CC has a big personal intereststamability, which is reflected throughout the quany’s business. His main
concern is for environmental issues. The mateiialthe showerheads are selected carefully to havktte impact on the
environment as possible. He initiated studies ftbm beginning to perform environmental analysish@ products, and has
proposed take-back schemes to manage and recyaaqts so that he can reuse the materials. Indeedhowerheads cannot
be reused for sanitary reasons, so CC recycleagbeé materials to produce new ones. The manageedritre production to
Saint-Etienne to be able to produce the produdatallyp He is also studying the possibility of usiBB printers to make the
products in the future; this would enable productisherever his customers are situated, as welledsace the amount of
transportation needed. In addition, the managerkitghlights an interest in circular economy.

CC and indicators

When questioned about indicators, the manager ss@dethat the company uses a variety of indicaldrs.indicators that CC
uses today are used more as a checklist for edgrddaring the development of the products, rathan as actual indicators.
The indicators are not followed up or measured aegular basis. Therefore, the method to measwgeanilicators was not
developed and the indicators do not cover the lssiin general, but are more focused on produalolement. The indicators
that the company uses araw material (type of material)manufacturing (components and parts manufactured externallg,
(functionality, durability, user habits, assistanaterial, circumstances of use, waste and emissioagtenance, repair), and
end-of-life (disassembly, refurbishment and reuse, recycéhigination).

The indicators CC mentioned as something thatshed to implement to measure on a more regulas basie the following:
economic (number of satisfied customers, design aspectieoproduct, number of positive contracts from costr meetings),
environmental (amount of water used, amount of energy used, atmfutnansportation, amount of materials used, amai
recycled materials used, amount of products be@myaled after end -of-life, amount of recuperatminwaste), andsocial
(amount of local production, amount of local emph@nt, health (amount of legionella bacteria)).

The economic indicators mentioned during the ineavwere the number of satisfied customers andlésign aspect of the
products. The company found the design aspect itapioas it has had customers with different opisicegarding the design of
the products, and it wanted a concrete method mpeaoe different designs. From an environmental tpofriview, CC was
interested in measuring the amount of water andggnmonsumed, transportation, the type of materiakd, recycled materials
and products recycled after end-of-use. The compeay interested in more or less all of the indicatihat were presented,
suggesting that it had difficulties with prioritigy. On the social level, the amount of local prditun local employment and the
quantity of legionella bacteria were indicatoreweint for CC.

6.4 Summary of Environmental indicators
During the empirical investigation the following g#hvironmental sustainability indicators were fomdble 3).

Table 3. Environmental sustainability indicatorgled case companies studied.

Environmental sustainability indicators CA CB CC
Amount of transportation X X X
Amount of energy used X X
Use of equipment X

Quality of the product X
Lifetime of the products X

Amount of water used

Amount of recycled materials used
Amount of materials used

Amount of recuperation of waste
Health (amount of legionella bacteria)

x X X 5 X

Number of products being recycled after end-of-life X

7. Discussion

From the empirical research, one can concludethiea¢ are two main reasons why companies are wprkith PSS:

1) Economic motivation to meet customer demand. The first reason has to do with customers not iwgnto own the
product, but rather get the value that the prodwast produce, and without problems such as maintenand repair. The
companies wish to meet this customer demand.

2) A strong belief in PSS helping the company to become more sustainable. The second reason was found when
companies are working devotedly to becoming mostastable, and they have found that PSS could tmeans to help them
accomplish that.

The reasons why the companies are working with B@fd be a key to which indicators interest them thost, as the
companies focused on customer value are more fdomsecustomer satisfaction and economic benefitslevthe companies
focused on sustainability are more interested wirenmental indicators. From the three differenpexgs of sustainability -



economic, environmental and social - it was thecseconomic aspect that was the most importantéenpanies CA and CB,
and the environmental aspects that were the mamiriant for company CC.

Regarding their familiarity with and use of indicet, each company had different experiences arationthips to the
indicators. Two of the companies, CA and CC, usadyifferent indicators and were familiar with \imrg with indictors. But
even if they used indicators, they used them vdifgréntly; CA was the one with the most developedicators, and which
measured its indicators each month and followednugthe results. CC, on the other hand, claimedséaulot of indicators, but
the indicators that it did use served as a checkiien designing an offering, and were not somethirat was measured on a
regular basis. From this, one can conclude tha@eb company has more resources in the form okfeore to select, follow up
and evaluate the indicators, whereas a smaller anynlike CC has difficulties in using indicatorsth® same extent.

For environmental indicators, the industrial sed@s an impact on which indicators the compani&s iaterested in
measuring. For example, company CC, which work$ wiater and water consumption, has interest inguaim indicator to
measure the water consumption to show the watengaefficiency of its products. CA, whose machinemsume large
quantities of energy, was most interested in méaguhe use of electricity to sell fully operatidrzad optimized plants rather
than selling machines. The same pattern would fnighapeat itself if, for example, a company workiwith pest management
were to be asked. Such a company would probahbdyfiadiversity or the amount of productivity of thgriculture as important
indicators to measure. Beyond the environmentaéctspthe indicators that all of the companies maetl as being important
were client relation and customer satisfaction, anel can therefore conclude that those are the impsirtant indicators for the
different companies. All the companies need to wstdad the customer needs to better be able to et as there is no point
in delivering a service that the customers do rmeeha need for. Another important aspect of indicatoncerns internal issues.
CA and CB, in different manners, stress the impmaof their employees and the necessity to mainta¢ir jobs. CC
outsources production and is therefore more coecemith local employment. All three companies aeeply rooted in the
territory (local production, employment).

From the empirical research, one can concludettigasustainability work and progress awarenesslyndspends on thsze,
personal interest andmaturity of the company. Their awareness is here deternbgdtbw many, how well developed and how
often they follow up on the indicators that theg s measure their sustainable impact.

Thesize of the company has an impact, as a larger companyave more resources in the form of workforcgeteelop and
follow up on its sustainable impact, especiallgimparison to a smaller company that simply doé$aee the same resources.
A larger company can allow itself to have more sgexed staff and can also have a stronger findrsitiaation, which allows it
to not only focus on its core business, such adymtion, but to also take the time to consideiinipact on society. Smaller
companies cannot put away enough time to creatdodiosv up on indicators; what they need are intbca that are easy to use
and easy to measure. CA was the biggest compathgiresearch study, and also had the most develogedtors, even if all
the indicators that it uses were not indicatormeasure sustainability.

Personal interest is an important factor, as it is crucial to keepniind that all companies are not working with RS8rder
to become more sustainable. Companies with empdotyet are more interested in becoming sustairakel@lso more aware of
how they perform regarding sustainable aspectsxample from the research to confirm these suggesis the company CC,
which is a smaller one-man company but still hadeap understanding about sustainability and howait improve its
sustainability impact, in this case because ofgh piersonal interest in sustainability.

Another factor is thenaturity in which the companies work with sustainabilitg. ihow long they have actively worked on
becoming more sustainable. CA, which is the oldestpany in the research, has the most developéchinds and has had the
time to develop its indicators according to itsdge

It is also important to keep in mind that all comigs working with PSS are not interested in becgmitore sustainable from
an environmental or social point of view. They afen using PSS for economic reasons and to metdmer demand, and that
is important when developing indicators, as theymobably more interested in developing econondicators.

8. Conclusion

The objective of the paper was to find a set ofdatbrs to use when developing PSS offerings tp hetasure progress in
terms of sustainability and particularly environrtsrissues. A conclusion was that one of the mogtortant things when
working with indicators is to have them adjustedetch company’s need, and to limit the number dicators as much as
possible to minimize the extra work that has talbee when using them. The indicators used duriagrterviews could instead
be used as a starting point for discussion withicompany regarding which indicators it wants to wden measuring its
progress. Thus, indicators can be seen as ins@rdggiving ideas on what to focus on.

Even though the concept of PSS was first develapedder to be a more sustainable business moealttladitional product
sales, and PSS could be a way to enable companiEEtme more sustainable, sustainability is neayd the main reason why
companies work with PSS. From a company perspediasdes helping it to become more sustainabéebémefits of providing
PSS could be more regular customers and as welvag) the company better control of its produdtthat one can see is that
on an economic level, customer satisfaction is raportant indicator that concerns all the companmisrviewed. On an
environmental level, it was clear that the indicatepends on which sector of activity the companin; for example, a company
working with water consumption naturally has a $qldaterest in the amount of water consumed.

Some companies already use indicators to measearie gtogress and their current state, and from thgarch one can
conclude that more established and bigger compdrags a better possibility to use indicators. Talde smaller and less



experienced companies to use indicators, the itatieahould be limited and easy to use. When deirgdoa set of indicators to
use, it is important that they are in line with wii@e company needs, and if they are developedaperation with future and
current customers, the customer relationship cpaksibly grow even stronger.

One conclusion that can be drawn is that it is irtgrd to develop the PSS offering and the indicatorcooperation with
current and future customers, as the customeiopsdtip is a key factor for success. The numbénditators to measure is also
another concern to keep in mind. It is importanfacus on a few indicators so that the proces®tow up and measure the
indicators does not take time from the rest ofwlek that needs to be done. It is therefore imparta carefully select indicators
that really are useful for each company.

9. Futureresearch

Further research should extend these questionther 8MEs and cross practical SME concerns withldhge number of
indicators available. The SMEs must develop obyestiusing some of the selected indicators and ledtadcenarios to make
them possible.
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