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8.1 Introduction

Few modern electronic devices are as frequently discussed in terms of their

ephemerality as smartphones (see, e.g., Tröger et al. 2017). The smartphone

has become a symbol of an accelerated modernity where multifunctionality

meets multitasking and a fast market meets fast consumption. Thinking of a

smartphone as a durable product seems like thinking of a racehorse as a tur-

tle: slowness and a robust temperament do not seem to suit the smartphone

as a highly equipped performer. But the smartphone race comes at a price.

Even though the carbon footprint of a single smartphone is in the range of a

few kilograms ofmeat (40–100 kg CO2e (e.g. Apple 2022) compared with 22 kg

CO2e per kilogram ofmeat; Reinhardt et al. 2020), the rapid increase in global

smartphone production has led to, among other things, high pressure on un-

renewable resources such as gold, cobalt, tin, tantalum, and tungsten, as well

as to long-lasting social-ecological damage in mining areas. From a sustain-

ability point of view, further exponential growth of production in combination

with short replacement cycles is not desirable, and thus questions of longevity

and durability are brought into focus. The smartphone is an exemplary prod-

uct for a discussion of the potential and limits of durability strategies, since it

has evolved into a very convenient item due to high integration, but at the cost

of durability-enhancing strategies such as repair and refurbishment. Taking

smartphones as anexample canhelp to clarifywhat shape(s) durability can take

and which forms of durability are desirable from the normative perspective of

sustainability. Is a durable thing something that is preserved as a whole, with

all its (expected) functionalities? Or is it an entity that is adaptable or scalable
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in relation to changing needs and technological innovations and therefore can

change its form or composition?

Since the acceleration of the smartphone market in 2007 following the

introduction of the first iPhone, the device and its various features have un-

dergone rapid technological progress. Immature technologies often have high

failure rates and short lifecycles in the first phase after market entry. But,

despite their increasing technological maturity, smartphones still have short

production and replacement cycles and are used for only two to three years

on average, with the majority of devices still working when they are replaced

(Jaeger-Erben and Hipp 2018; Wieser and Tröger 2018; Schischke et al. 2021;

Watson et al. 2017).

Technically, smartphones could last much longer than two to three years,

particularly if small repairs (replacements of a broken screen or a weak bat-

tery, for example) took place and the software stayed up to date (Proske 2022).

Considering this in relation to the usually highly intensive use of smartphones

(on average, 3.5 hours a day spread over the whole day; see Statista 2020), the

smartphone would qualify as a long-lasting product if it weren’t for the short

replacement cycles.

Short replacement periods have been considered one of the core issues

when examining the sustainable use of smartphones and have been investi-

gated in a few studies linked to product replacement, repair/maintenance,

and the reuse of phones (see Wieser and Tröger 2018 for an overview). Since

2015, replacement cycles have steadily become longer, from an average of 23.8

months in 2014 to 33.6 months in 2020 (Statista 2021). It has been argued

that reasons for this increase include a lengthening of smartphone contracts,

mature markets, and higher prices (see also Wieser 2021). Still, most smart-

phones are being replaced before the end of their useful lifetime. Moreover,

Benton et al. (2015) have found that if a smartphone is used for an additional

year, the overall carbon footprint of the phone is reduced by 31 per cent. An

overall benefit still exists if spare parts are needed for repair or if peripheral

parts (display, camera, etc.) are upgraded to achieve this longer use time, as

long as the mainboard is kept in use (Proske et al. 2020a). Summarising some

of the literature on the reasons for replacing smartphones, Proske et al. (2016:

5) found that ‘the main reason for replacement is that new devices have more

functions combined with the opportunity for new devices through service

contracts, the second reason are technical failures and breakage’.

In general, the reasons for replacement are related to a combination of us-

age patterns, use expectations, market developments, and (technological) de-
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vice characteristics (see also Proske et al. 2016; Jaeger-Erben and Hipp 2018;

Wieser and Tröger 2018). For example, users replace their still functioning de-

vices when unsatisfied with storage space (e.g. after not regularly emptying

the memory) or with the image quality of the camera (e.g. after a new smart-

phone with a better camera has been introduced). Another typical reason for

replacement is the decreasing capacity of the battery; this is among the weak-

est points in a smartphone’s technical durability, but the battery’s durability

is also related to or impaired by the high intensity of average smartphone us-

age.Thus, the ‘durability problem’mainly seems to concern the performance of

smartphone components, such as the capacity of the memory and the quality

of the battery and camera,which then affects the evaluation of the smartphone

as a whole.Therefore, component repairability and replaceabilitymight be key

to durable smartphones.

Backed by these ideas,modular product architectures became a promising

design strategy. Modular architectures decouple products into components

that can be independently and easily replaced or reused (Schischke et al. 2019,

Proske et al. 2016, Agrawal and Ülkü 2013). Modular product designs have

been around for over 50 years (Starr 1965) and have been touted as a means

to offer customised products to the masses. It was only with the arrival of

the circular economy debate in the last decade that modular product design

became seen as a possibility to enhance longevity and sustainable consump-

tion (e.g. Revellio et al. 2020). From the perspective of producers and product

providers, modularity allows for the extension and simplification of services,

since modules can be replaced more easily in case of malfunction, they can

be upgraded if customer needs or technology changes, and their storage and

redistribution can bemore straightforward than for the entire device. Instead

of an understanding of innovation that is based on the development of ever

new technologies to constantly create new incentives to buy smartphones,

modularity allows innovation to be thought of in smaller terms and to relate to

the constant improvement of components or services geared to replacement

and second life. Innovation throughmodularity also enhances user innovation

by enabling the re-combination of modules.

As highlighted in Chapter 1, durability and scalability are important fea-

tures of a durable economy. We understand scalability as the ability of an en-

tity (e.g. object, system, or network) to change its boundaries – that is, to grow

or shrink or to enlarge or decrease its reach or functionality. The creation of

scalable things ensures the long-term functionality of singular products and

of networks of connected things in the case of infrastructures such as railway
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or communication networks. In digital devices, scalabilitymeans the ability of

a system of hardware and software to increase performance within a defined

range by adding resources, such as further hardware. Modularity (as a quality

of an entity) and scalability (the ability to extend beyond boundaries) are con-

nected but independent features. Amodular entity, such as an extendable crib,

is scalable ifmodules are added or removed.Modularity can help to extend the

functionality or reach of an entity beyond its initial boundaries; thus, it is one

– but not the only – possibility to allow for scalability.

This chapter investigates the assumption thatmodular product design has

the potential to connect durability with environmental sustainability by keep-

ing one of the shortest-used digital devices in use for longer. This is impor-

tant since modular product design can also lead to an explosion of resource

use and an even faster market (this time for components), since it promises

an ideal synergy between a never ending (cultural) need to improve individ-

ual consumer performance, the (capitalist economic) need tomaintain or, bet-

ter, constantly expand sales markets, and the (engineering) drive to reinvent

and innovate technological systems. Therefore, we analyse the various rela-

tions between durability and modularity or scalability on the one hand and

environmental impact on the other, and we discuss possible challenges and

trade-offs. We highlight that in-depth knowledge of smartphones as popular

cultural artefacts and everyday multifunctional companions is a prerequisite

to design a durable and sustainable combination of product and services (or a

‘product–service system’) with modular smartphones. We present a typology

of smartphone usage patterns based on a qualitative study and develop differ-

ent durability scenarios.Based on this,we reflect onwhich formofmodularity,

and thus scalability, provides the optimum durability.

8.2 Modular smartphones: potentials, challenges, and tensions

Our chapter deals with touchscreen smartphones, which became the domi-

nant design from the late 2020s (see Proske et al. 2020b), and focuses on the

smartphone as the basic material entity. We also consider parts of ‘smart-

phone systems’, in the sense of bundles of phones, apps (software), and

services. Hardware-focused modular designs for touchscreen smartphones

became popular with the design experiment Phonebloks, which was created
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around 2013 by the Dutch designer Dave Hakkens.1 The study describes the

idea of a fully modular and upgradable smartphone, primarily to reduce

electronic waste. Phonebloks essentially consists of a motherboard (called a

‘base’) onto which individual modules (‘bloks’), including a battery, camera, or

antenna, are plugged. If a component breaks, only this component needs to be

replaced or repaired instead of the entire smartphone, and so less electronic

waste is produced.

Although the design idea received much attention and inspired other at-

tempts to develop modular smartphone concepts, it was never technically re-

alised or commercially implemented.Other attempts have focused on upgrad-

ability and personalisation, such as project ARA, a prototype modular phone

fromMotorola that was later taken over by Google.The design was quite simi-

lar to Phonebloks; besideswaste reduction, the objectivewas to offer a cheaper

phone since only themodules had to be replaced in order to stay up to date.The

modular device was developed to a high degree but never entered the market

(Statt 2016; Hankammer et al. 2018).

The first devices with a modular design that entered the market were

Fairphone 2 and SHIFT6m. Both designs were developed by start-ups that

were driven by the motivation to develop a more sustainable phone. The two

companies stated that they were founded to create an alternative to the fast-

moving market and to maintain social and ecological standards. Longevity

is also intended to compensate at least to some extent for the high and not

entirely avoidable social and ecological costs. These designs mainly focus on

easy reparability and thus the restoration of the device’s functions, as well as

possible upgrades. In contrast, a more dynamic modularity design strategy

would allow for a flexible use of a diverse set of parts andmodules (as intended

by the Phonebloks concept).

Even though extensive modularity is still a niche phenomenon in the

smartphone market, it can be assumed that modular devices will become

increasingly important as the circular economy movement progresses, espe-

cially for fast-moving products, since modularity enhances possibilities for

repair and refurbishment instead of replacement (see Revellio et al. 2020).

However, the relationship betweenmodularity,durability, and sustainabil-

ity is complex and by no means clear-cut.The decisive question is, first, what

durability refers to: to the smartphone as a whole with all its (expected) func-

tionalities, to thepossibility of adaptation to changingneeds and technological

1 See, for reference, www.onearmy.earth/project/phonebloks.
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innovations,or to the robustnessof all devices. If thefirst is foregrounded, then

a ‘simple’ modularity that is limited to those parts that break downmost often

or wear out fastest, such as batteries and screens, is sufficient. If the second

is intended, then modularity must be more pronounced and extend to those

components that are most likely to be affected by technological innovations,

such as the camera, memory, or possibly the sensors. Both interpretations of

durability can have a positive or negative impact on the environment, because

the more complex and elaborate the device, the higher the ecological costs.

Thesedecrease the longer thedevice and its components last,but only if repairs

are made and upgrades are not too frequent. If, on the other hand, the focus

is on durability, then modularity is often rather weak, because the more inte-

grated the individual parts of the device, the less susceptible to breaking down

they are. This can be seen, for example, in the question of water resistance.

Liquid penetration is a common type of damage in smartphones (Agrawal and

Bellos 2017). If smartphones are waterproof, they (potentially) last longer, but

they are more difficult to modularise and repair. Furthermore, touchscreen

smartphone designs often aim for a timeless, smooth, and seamless appear-

ance, which canmake them less susceptible to falling out of style, but the high

integration of components againdecreases the rate of repair andhardwareup-

grades.

Table 8.1 provides an overview of different durability strategies, the domi-

nant features of the design, and their relation to sustainability. Depending on

the durability strategy, the design focuses on robustness and resistance, re-

pairability, adaptability, or expandability. Each level of modularity shares the

sustainability risk that the more fragile design is more susceptible to failure

and thereforemore repairs and replacements areneeded.Furthermore,higher

degrees of modularity run the risk of inviting a (too) fast replacement of new

components.
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The key aspects for sustainable durability of modular smartphones relate

to how themore fragile design is embedded in a ‘robust’ service system.While

for non-modular devices it is primarily the design of the device that matters,

for the different levels of modularity it is primarily the relation between de-

velopments in consumer expectations, technology, and the market on the one

hand and, on the other, the product–service systems that determine whether

durable is also sustainable. Durability through repair is about quick and easy

availability of spare parts and repair services. A high level of modularity that

allows consumers to exchange parts – or even expand existing parts if newer,

more efficient, or faster components are available – can also increase con-

sumption if the new components appear regularly and aspirations and user

expectations rise at the same time.

Furthermore, the success of circular and durable design and business

strategies relies on the development of appropriate usage practices. In the

case ofmodular designs, the first issue is to understand which social practices

in the context of smartphone use can ensure that modularity and durability

go hand in hand and lead to a better lifecycle assessment overall. Second, it is

necessary to investigate how much ‘desirable’ modularity-relevant practices

differ from current smartphone usage practices. But, as mentioned earlier,

the idea of durability through hardware modularity must accommodate a

device that has become more and more integrated during its evolution until

it is now something like a Swiss army knife, offering a wide variety of options

to users as well as a high level of convenience. Smartphone designs and user

practices have come together in a way that might make modular hardware

design much less likely to succeed. We therefore start our investigation into

the potential of ‘durability through modularity’ with a review of the evolution

to the smartphone into a highly integrated device – not only technically but

also socially.

8.3 Smartphone research

8.3.1 Touchscreen smartphone as a popular cultural artefact

The introduction of the iPhone by Apple marked a turning point for the con-

cept of the mobile phone. The iPhone had an integrated operating system

(OS), a web browser, and the iTunes store for downloading audio and video

files. It had a touchscreen (instead of a keyboard) with a software-based
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keyboard. With the concept of the iPhone, Apple was able to redefine the

market’s boundaries by combining different industry branches: the mobile

phone sector with the internet and portable music industry (Giachetti 2018).

It further introduced the concept of an almost endlessly scalable device by

means of constantly adding new apps to the available services in the app store.

Apple set an example to the rest of the smartphone sector, and even though

a multitude of smartphone providers appeared on the market, the design

principles introduced by Apple have been adopted by almost all other players.

Physical keyboards gradually disappeared, form factors became uniform, and

all manufacturers relied on flexible operating systems that could be extended

with third-party apps. The historical development of mobile phones shows

that performance densities and the integration of parts and features have

intensified enormously within the market. Moreover, novel use patterns have

been integrated intomobile phones (e.g., clocks anddiaries). Formost devices,

not even the battery or displays can be swapped easily.The architectural inno-

vation of the smartphone (as a converging system of different technologies)

was accompanied by an increasing integration of single components that are

glued together within the phone.

The introduction of the smartphone transformed not only the market but

also the social practices of mobile device usage and their integration into ev-

eryday life. While some smartphone studies focus on the negative psycholog-

ical and health impacts of intensive smartphone usage, such as addiction, de-

pression, anxieties, and various other public health concerns (e.g. Alhassan et

al. 2018), others have underlined that people’s relations with smartphones in

their everyday lives are more ambivalent and complex (Ytre-Arne et al. 2020).

In 2019, Daniel Miller wrote:

Has there been an invention so integral to our lives, and so intimate, as the

smartphone? Yet they are slippery things. Smartphones are both a step change

in the ability of human beings to communicate with each other and become

informed, and new point of vulnerability to penetration by the outside world

… Apple makes the iPhone, Samsung the Galaxy; these are phones with the ca-

pacity to be smart. But what reallymakes them smart comes from below: from

their appropriation by users. (Miller 2019: 1–2)

Mobile technologies have radically altered ways of self-fashioning and

being connected to each other. New cultural and social forms arose and new

modes of interacting, sharing, and self-organising led to newways of ‘being in

the world’ (Frömming and Köhn 2015). Like no othermobile device, the smart-

phone has become an extension of bodies, senses, and minds, something that
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is used to organise everyday life, to improve the self, to learn about the world,

and to assist in social interaction.

Scholars within the fields of media and communication studies have ar-

gued that the smartphone ‘is not itself a medium but is instead a convergence

point for a wide range of media’ (Farman 2012: 4), allowing for diverse uses

(Boehmer et al. 2011; Ling et al. 2015). Some of these studies are not only about

how often and how smartphones are being used, but also about the changing

organisationof everyday life and theassociated interpersonal relations that are

part of smartphone use (e.g.Brown et al. 2002; Katz andAakhus 2002; Baymet

al. 2004; Lapierre and Custer 2021). For example, Ytre-Arne et al. (2020) have

examinedhowpeoplemanage and experience time through their smartphone.

They have found that, although smartphones promise to make some everyday

tasks more efficient, this is not always straightforward to achieve in everyday

life.Timemanagement strategies need to be implemented thatmust overcome

several temporal conflicts (Lohmeier et al. 2020; Ytre-Arne et al. 2020).

Similarly, a group of anthropologists have conducted ethnographies into

the impacts of smartphones on the experience of mid-life (Miller 2021). They

have argued that the smartphone’s capacity to be smart doesnotderive from its

design and production, but rather from how it comes into being through peo-

ple configuring their phone through applications and settings and the phone’s

ability to learn about its user over time (based on algorithms). As outlined in

a recent book description, ‘smartphones have become as much a place within

which we live as a device we use to provide “perpetual opportunism”, as they

are always with us’ (Miller et al. 2021: 297).

In addition to literature derived frommedia studies and anthropology, re-

search studies have emerged that examine strategies andways towards amore

sustainable use of smartphones. Studies have looked at, for example, replace-

ment cycles (e.g.,Wilson et al. 2017;Wieser andTröger 2018), energy consump-

tion levels when using smartphones (e.g., Tarkoma et al. 2014), including prac-

tices of charging and managing power (Horta et al. 2015), phone hibernation

(i.e. keeping a phone even though a replacement has been acquired) (Wilson

et al. 2017), and sustainable product–service systems (e.g.Hobson et al. 2018).

A UK study has also shown that ‘there was little sense that giving users more

information about the ethical and environmental dilemmas embodied in the

mobile phone would make a difference to purchasing, use and disposal be-

haviour’ (ibid.:155), demonstrating that developing strategies for making the

use of smartphones more sustainable might not be straightforward.
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8.3.2 Smartphones as scalable and modular devices

Smartphones as multifunctional, integrated, and convenient tools enable or

assist a great variety of everyday practices. They can be described as an ‘all-

roundmedium’ that picks upmore andmore functions, diversifying how peo-

ple use their phones in daily life.The scalability of smartphones is mainly due

their modular software design, which allows – at least to a certain extent –

the inclusion of more and more functions via apps. In the last decade the app

market has grown immensely. In 2020, people were able to choose from 2.59

million applications on Google Play and 1.96 million applications on the Apple

App Store (Statista 2021).The average user has around 40 applications on their

smartphone (Simforum 2021).

Given its software scalability and ability to constantly fulfil new and ad-

ditional functions, the smartphone can already be described as highly mod-

ular. Used with additional items, such as covers, earbuds, external loudspeak-

ers,andpowerbanks, the smartphone canbecomea ‘smartphone system’made

up of different modules. However, when it comes to the core item, the smart-

phone itself,we can speak only of a ‘softmodularity’,whose scalability requires

the most extensive basic hardware equipment possible. The smartphone de-

sign is like a Swiss armyknife (Satyanarayanan 2005) from the start; it provides

the right hardware tool ready for all possible eventualities. Multiple cameras,

sensors,microphones, extramemory, and graphics capacity, among other ele-

ments, ensure that a wide range of apps can be installed and used.Thus,most

smartphones are sold and purchased as an ‘all-inclusive device’ and may have

manymore function options than are actually needed.

Thus, it seemsobvious that, at present, the scalability of smartphones leads

to more unsustainable consumption of smartphones, since the devices might

be overequipped when purchased and the user might install more apps than

needed. The rapid development of the app market and the increasing use of

apps can also lead to a device’s hardware reaching its limits more quickly and

thedevice thenbeing replaced sooner.Thus,scalability reducesdurability.Nev-

ertheless, the scalability of smartphones also offers the potential to downscale

the range of functions (and the hardware required) and to orient consumption

towards sufficiency and not extensiveness.

If hardware modularity should lead to more sustainability, because of

durable smartphone use, we need to understand better how people make

use of the different functions of a smartphone and how much they tend to

upscale its functionalities or are likely to downscale software and hardware
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use.Our first question is: what kind of ‘sustainable consumption potential’ can

we find in existing patterns of smartphone consumption? And how do these

patterns relate to (downward) scalability and durability? Our basic argument

is that modular devices and corresponding modularity-embracing practices

need to be embedded into product–service systems that are geared towards

a durability-enhancing modularity that takes different qualities of scalability

into consideration.

But current product–service systems are oriented towards extensiveness;

they provide ‘all-inclusive hardware’ and abundant software that are likely to

trigger overconsumption. Our second question therefore is: how and what

kind of product–service systems can better connect to the sustainability po-

tentials in current consumption patterns? The third question is: how much

do the different scenarios of sustainable product–service–consumption sys-

tems differ in their ecological benefits and their potential to reduce their

environmental impact?

The following analysis mainly focuses on everyday routines and practices

around smartphones; this also includes non-consumption practices that are

related to maintenance or care. From our point of view, actual practices are

more important for more or less modular designs than general attitudes con-

cerning smartphones or the role of the smartphone as a status object.

8.4 Durability through modularity: developing modular designs
based on a typology of smartphone practices

8.4.1 Approach and methods

To collect data for our research, 24 in-depth interviews were carried out over

the period of one year. The selection of interviewees was based on theoretical

sampling: that is, categories of possible contrasting smartphone use patterns

were developed based on analysis of the first few interviews and new inter-

viewees were chosen who potentially showed contrasting characteristics (e.g.,

people with more versus less intensive usage patterns or people with high

versus low technical expertise).The interview guide was broadly based on five

themes: daily practices linked to the smartphone; a tour of people’s smart-

phones (mainly relating to apps); smartphones set against the wider media

context of people’s homes; norms and meanings attached to smartphones;

and modular smartphones. A total of 24 interviews were analysed based on
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interview transcripts, open coding, and constant comparison, using ATLAS.ti

qualitative analysis software. An inductive coding structure was developed

to be able to carry out an initial thematic analysis; codes consisted of topics

such as my smartphone and its daily tasks, optimisation of wider media, and

changes in smartphone use (e.g., weekends, holidays, and life changes).

After an initial thematic analysis of the in-depth interviews had been con-

ducted, several stepswereundertaken todevelop a typology of smartphoneuse

and scenarios formodular usage practices.2Theprocessed aimed at the devel-

opment of scenarios for sustainable modular smartphone designs and associ-

ated practices (sustainable product–service–consumption systems). Based on

our initial research into modes of modular and scalable product–service sys-

tems, we developed scenarios that would allow for a long-lasting – hence sus-

tainable–useof smartphones.Thedeveloped scenarioswere thanqualitatively

assessed in terms of their positive environmental potential.

8.4.2 Insight into everyday smartphone use

On overall analysis of interviews about everyday life with a smartphone val-

idated the results of other qualitative studies that describe smartphones as

everyday multipurpose companions. The list of everyday activities that use

a smartphone is long and comprises almost all domains of everyday life –

housework, family and social life, paid labour and other forms of work, shop-

ping, leisure and entertainment, and mobility. The smartphone also creates

new, virtual everyday spaces where users engage in digital self-presentation

via socialmedia apps or self-optimisation via timers andfitness ormeditation

apps.The smartphone not only supports the organisation of everyday life, but

also helps organise past and future, bymeans of documentation of experiences

and archiving of memories or by forecasting and planning. Interestingly, the

smartphone is no longer (only) a phone, since calling somebody or receiving

calls is sometimes the thing people do least with their smartphones.

In line with the findings of media studies, we could find examples of con-

vergence and de-convergence. The smartphone sometimes replaces other de-

vices, particularly small and monofunctional devices such as alarm clocks or

wristwatches, but even though smartphones are often used as cameras ormu-

sic/movie players, people tend to have an extra camera, television or big screen

movie player at home.

2 See Hielscher et al. (2020) for a more detailed description of the research process.
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A key insight was that smartphones are mainly ‘function carriers’ or tools.

Even though most people spend a great deal of time with their smartphone

and keep it close throughout their everyday lives, they do not develop an emo-

tional attachment to the device as such. Inmany cases,people value and appre-

ciate themany functions of the phone, but if something is dysfunctional over a

longer period, they tend to replace the phone instead of investing time and ef-

fort in restoring its functions.This is a possible threat to durability.The smart-

phone’s tendency to be (up)scalable increases users’ expectations that they can

continuously enlarge the spectrumof functionalities on their smartphone.But

the growth of functionalities meets hardware limits eventually, and so it is in-

creasingly likely that people become dissatisfied with their smartphone as a

function carrier.

Nevertheless, these more general insights can be further differentiated by

our typology of smartphone usage patterns introduced below.

8.4.3 A typology of modularity- relevant usage patterns

This section outlines our empirical findings, by introducing a typology of

smartphone usage patterns based on four dimensions that describe a contin-

uum of two opposite poles.

I. Stability–optimisation

This dimension distinguishes use patterns that either keep the functionalities

of a smartphone stable over time or continuously experiment with new or al-

tered functionalities. Stability means that a user keeps the apps and the as-

sociated functions on the phone stable over time and does not connect it to

otherdevices.With functions,we relate to thedifferentpractices a smartphone

facilitates by means of apps (software). Since most smartphones have similar

hardware, the spectrum or pattern of functions used in the smartphone are

mediated by apps. ‘Stable users’ spend little time organising their phone – for

example by deleting unused apps or uploading new ones – and are habitual in

their smartphone use.They could probably dowithout some hardware compo-

nents of their phones since they never use them (e.g. cameras). Optimisation-

oriented users use a diverse set of apps and functions and change the constel-

lation of their apps continuously. Users on this side of the continuum often

use their smartphone within a larger media ensemble: for example, together

with a smartwatch, a tablet, or a laptop.They regularly (re)organise their phone

and media ensemble to find their ‘optimal’ set-up. Part of this group likes to
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have thenewest phone.They enjoydiscoveringnewapps and functions on their

phone.

II. Reduction–extensiveness

In this dimension users can be distinguished according to the extent of their

smartphoneuse.Extensive consumption is characterisedbyvery frequent con-

sumption, using a great variety of apps and functions. Extensive users fre-

quently change and enlarge the apps and functions on their phone to be able

to use the phone for every possible situation (i.e. going on holiday). They use

the full range of hardware components of their phones and reach the limits of

the hardware earlier then less extensive users. Reduced consumption is char-

acterised by a consciousmotivation to use the smartphone as little as possible.

People actively try to reduce their use time, they delete apps they do not use,

and they rarely addnewones.Thesmartphone is considered tobea tool forpar-

ticular situations. These users would probably discard not only software they

did not need but also hardware components if they realised that they could do

without them.

III. Convenience–takeover

This dimension distinguishes users according to their engagement with the

smartphone beyond using its functions. Convenient users expect their smart-

phone to work properly at all times but do not want to engage in maintenance

or care activities, for example. They add apps as they see fit but do not want

to invest time in (re)organising them, deleting unnecessary apps, or manag-

ing storage space or updates. Convenient users would rather buy a new phone

thanupgrade or repair their old one. ‘Takeover’ describes practices that actively

engage with the phone’s settings, by organising apps and settings efficiently,

while keeping an eye on the storage space and actively looking for updates.

Takeover users might also conduct basic repairs to the software and hardware

and/or engage with privacy and data security issues connected to using the

phone.

IV. Overwhelm–control

This dimension is closely related to the technical and use competencies of the

smartphone user. ‘Overwhelmed’ users have low technical competencies and

often feel stressedandoverloadedwhen theyhave todealwith anykindof tech-

nical problem or demand.They often feel dependent on and ruled by technolo-

gies that are at the same time a ‘black box’ to them.These users have difficulty
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maintaining their phones properly or diagnosing the cause of a failure. On the

other side of the continuumare users with high technological and/or use com-

petencies.These users know how tomanage their smartphone tomake it work

properly and how to deal with most problems. These users would be able to

assess the necessity of upgrades, updates, or repairs.

The last two dimensions are related, but convenience–takeover is more

closely connected to the patterns of using smartphones (the actual engage-

mentwith the device) whereas overwhelm–control is connected to (the lack of)

competencies that enable (or disable) certain practices. Very competent users

aremore likely to show takeover patterns of smartphone use, but they can also

be convenience-oriented and uninterested.

Depending on their positionwithin the different dimensions,wewere able

to identify six different types of smartphone use as described in Table 8.2. Fig-

ure 8.1 shows the positions of the types in amulti-field scheme. Since the first

two dimensions are more critical to the differentiation of usage patterns, they

are presented more prominently. And since we concentrated on actual usage

patterns, the durability of the smartphone in amount and length of use did not

feature in the development of the typology. Nevertheless, both aspects differ

between the identified types and are included in the typology description.The

scalability of the phone is mainly relevant to the optimisation, extensiveness,

takeover, and control dimensions, as can be seen in the type description on the

next page.
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Figure 8.1: Position of the six smartphone usage types within the stability–optimisa-

tion and extensiveness–reduction dimensions.

Note: Italic letters are used for convenience-oriented users and the font size charac-

terises the use competencies (larger fonts for higher competence).
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8.4.5 Modular product–service systems for different use patterns

The six types show distinctive differences in how they make use of the smart-

phone as a scalable device.They also differ in the range of hardware they need

on their phone.The frugal user, the user seeking optimisation, and the critical

enthusiast are more likely to downscale their device in terms of software and

hardware and use a durable design to its full extent, but for different reasons

and under different circumstances. The frugal user has low expectations and

only a few needs that should be fulfilled by a smartphone; they use only some

aspects of the smartphone (calling people and browsing the internet but not

using the camera, for instance). The other two types of users have high stan-

dards and expectations concerning their device and would rather replace a

smartphone that does not fit their standards than keep it. They quickly reach

their limits with a given smartphone and would benefit from upscaling. Since

all three types have rather high competences that make use of the functional

(software-related) modularity of a smartphone, they could also profit from

a hardware-related functionality that fits their needs at the same time as it

builds on their technical or use competencies to control and adapt their phone.

The optimisation seeker and the critical enthusiast could both profit from dy-

namic product–service systems (PSS) that adapt hard-and software services

to changing needs and standards. In the case of the optimisation seeker, the

PSS should provide help for optimisation; for the critical enthusiast, it is more

important that it offer high standards and quality for particular functions.

The frugal user could profit from PSS that offer a ‘frugal phone’ that does not

provide more hardware and software than needed. This also applies to the

uninterested light user, who might need a bit more help in finding out what

their basic needs and expectations really are. The convenient enthusiast and

the overburdened heavy user tend to keep their smartphone at an upscaled

level; for them, the Swiss army knife smartphone is the best option. In this

case, durability and hence sustainability are not reached through modularity-

oriented PSS but by high-quality and reliable products and refurbishment or

take-back services.

Reflecting on the six use types in the context of the relation between dura-

bility, scalability, and sustainability led us to four different PSS scenarios that

seek to optimise a sustainable use of smartphones.These four scenariosmainly

relate to the dominant first two dimensions of the use typology (see the two

axes in Figure 8.1); the other two dimensions are relevant for variations within

the scenarios (see Figure 8.2). Table 8.3 describes the basic characteristics of
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the scenarios, their potential to foster durable, hence sustainable, consump-

tion, and critical aspects regarding the environmental dimension.

Figure 8.2: Four scenarios for modular PSS.
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8.5 Doing durability with modular smartphones

The aim of this chapter is to explore the potential for sustainable smartphone

consumption, considering both existing usage patterns and new technologi-

cal and service developments. The smartphone has a particular place among

modern digital devices, because hardly any other device combines a similar

number of functionalities and usage options with a comparatively short us-

age period. The scalability of a smartphone in terms of the expandability of

functions makes the device an ‘infinite machine’ that is potentially eternally

durable, but also carries the risk of reducing durability.This is mainly because

this scalability of a smartphonemostly affects the software,while thehardware

tends to remain stable. Although there are models of different hardware qual-

ity and equipment (e.g. in terms of storage space), once purchased, the equip-

ment usually remains stable. If the usage volume increases due to the number

of new apps, the hardware soon reaches its limit, and the device is replaced.

On the other hand, the hardware can also be overequipped if users use only a

few functions via apps. In this case, electronics are unnecessarily installed, and

resources are overused. Both cases – quickly achieved under-equipment and

permanent over-equipment – are ecologically problematic.

In this chapter, we have addressed the question of how the scalability of

hardware can be increased in such away that permanent andmore ecologically

compatible use is promoted. In doing so,we explored the potential ofmodular

product–service systems with respect to different types of smartphone use.

The comparison of the contrasting types of smartphone use reveals a diver-

sity ofmeanings, competences, andmaterial arrangements that are associated

with smartphones in everyday life. Growing old with a phone does not seem to

be a straightforward process, given that the smartphone has become an inte-

gral part of people’s lives and is linked to several daily practices. As argued by

Miller et al. (2021: vi), the name ‘phone’ no longer really applies, ‘since tradi-

tional phone calls now represent only a small part of usage’.Therefore, it is im-

portant to considerwhat function(s) a smartphone fulfils in the everyday life of

a particular user and what type of relation and patterns have evolved between

user and object. Our findings show that frugal and uninterested light users

would benefit from a ‘basic or downscaling’modularity,whereas users seeking

optimisation and critical enthusiasts would value upgradable and expandable

modularity with dynamic scaling options. Convenience-oriented users would

not benefit frommodularity butwould need other types of PPS to be facilitated

in sustainable smartphone consumption.
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But downscaling is not a straightforward process. Miller et al. (2021: 104)

have referred to the term ‘perpetual opportunism’ – i.e. ‘simply because the

smartphone is always with us, it creates the possibility to being opportunis-

tic as a constant’. For example, the use of the smartphone has redefined how

we take and store photographs, look at the news, listen to music, etc. Keeping

the functions and applications of a smartphone over time is not easily done. A

frugal phone requires the user to be extremely reflective about their existing

and potential future practices that are enabled by the smartphone to prolong

customisation and associated use for as long as possible.

The positive environmental effect of modularity results not only from the

modularity of the product but also, as described above, frommodular utilisa-

tion concepts.ThePSS should also bemodular indesign. Inparticular, the link-

ingand interactionof several user typeswithina serviceplatformpromises im-

provements. Quick upgrades for overburdened heavy users will never be truly

sustainable, but by sharing devices and modules, this form of usage can be

mitigated. While this can happen with the ‘Lego kit’ within a group of users

seeking optimisation, since users rarely all have the same expandable needs at

the same time,with the heavy user this would occur primarily through phones

being passed on to other user groups with lower demands for technical high

performance.

The PSS therefore needs to focus on the products, the modules, and the

different users. As for repair in general, upgrades need to be ‘easy’ to be used.

This couldmean that amodule is easily swappable by the end user, but it could

also mean that upgrade cycles are already defined in a basic PSS contract and

users do not need to keep track of which modules are available and when. Au-

tomatic information (e.g. on the phone) regarding new modules could makes

processes easier for the user, but they could also accelerate upgrades as users

are made aware constantly about newmodules.This could even accelerate the

exchange of thewhole phone, if users are confrontedwith a range of newmod-

ules for almost all features and decide to ditch the product because of ‘somuch

progress’. On the other hand, successive updates of certain modules in fixed

time intervals could extend use time by upgrading the device without adding

much acceleration.

Depending on the user and their specific knowledge, online shops and ex-

change platforms could be efficientmeans of disseminating newmodules. For

others, services such as professional exchange and advice on module choices

could be needed.
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Efficient linking of different user typeswith the passing on ofmodules and

devices could thus make middle-class and low-end devices unnecessary. ‘Yes-

terday’s flagship can out compete today’s best seller,’wrote Benton et al. (2015).

Utilising used devices to fulfil lower demands instead of producing specific

low-end devices would reduce the quantity of permanently required devices

in the long term.The problem of functional obsolescence within a certain user

group would be significantly lower for another user type.The prerequisites for

this are general reliability, the possibility of replacing worn-out parts such as

batteries, and the ability to repair damage easily.

Notions of longevity and sustainability are not inherent in smartphones,

even if they are modular. These technologies are interpreted and adapted

within the existing patterns of people’s everyday life. How people use and live

with their smartphones is deeply embroiled with, for instance, existing dig-

ital infrastructures, media ensembles, family relations, and changes to work

situations and lifestyles. Developments towards a ‘perpetual opportunism’

and integrated smartphone designs (i.e. glued parts) do not necessarily make

it straightforward to introduce different types of modularity to prolong a

mobile phone’s useful life. Thus, a smooth transition seems unlikely from the

current, rather unsustainable use of the static modularity of a smartphone to

sustainable consumption and a dynamic modularity that enables a circular

economy. Modular smartphones (such as Fairphone or SHIFT) are currently

niche products that cater for smartphone users who like the idea of such a

phone. Within these niche markets, a lot of thinking seems to go into the

technological developments of modular smartphones and related business

models to increase the potential for more sustainable production and con-

sumption patterns. Considerations of how modular smartphones are being

domesticated in people’s daily life – that is,what types ofmeanings are created

and how the phone is placed within existing patterns of daily life – often seem

to be neglected within these developments.
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