What if everyone becomes a sharer?: A
quantification of the environmental impact of
access-based consumption for household laundry
activities

Raphael Wasserbaur, Tomohiko Sakao, Maria Ljunggren S6derman, Andrius Plepys
and Carl Dalhammar

The self-archived postprint version of this journal article is available at Linképing
University Institutional Repository (DiVA):
http://urn.kb.se/resolve?urn=urn:nbn:se:liu:diva-165771

N.B.: When citing this work, cite the original publication.

Wasserbaur, R., Sakao, T., Ljunggren Séderman, M., Plepys, A., Dalhammar, C., (2020), What if
everyone becomes a sharer?: A quantification of the environmental impact of access-based
consumption for household laundry activities, Resources, Conservation and Recycling, vol 158, article
104780. https://doi.org/10.1016/j.resconrec.2020.104780

Original publication available at:
https://doi.org/10.1016/j.resconrec.2020.104780

Copyright: Elsevier
http://www.elsevier.com/

@080

& Tweet

LINKOPING
II." UNIVERSITY


http://urn.kb.se/resolve?urn=urn:nbn:se:liu:diva-165771
https://doi.org/10.1016/j.resconrec.2020.104780
http://www.elsevier.com/
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://twitter.com/?status=OA%20Article:%20What%20if%20everyone%20becomes%20a%20sharer?:%20A%20quantification%20of%20the%20environmental%20impact...%20http://urn.kb.se/resolve?urn=urn:nbn:se:liu:diva-165771%20via%20@LiU_EPress%20%23LiU

O 0 9 »n b~ W

10

11
12
13
14
15

16
17
18
19
20
21
22
23
24
25
26
27

28
29

30

31
32
33
34
35

36
37
38
39

What if everyone becomes a sharer?
A quantification of the environmental impact of access-based
consumption for household laundry activities

Raphael Wasserbaur™!, Tomohiko Sakao!, Maria Ljunggren Séderman?, Andrius Plepys®, Carl Dalhammar®

! Division of Environmental Technology and Management, Department of Management and Engineering,
Linkdping University, Sweden

2 Division of Environmental Systems Analysis, Chalmers University of Technology, Sweden

3 The International Institute for Industrial Environmental Economics, Lund University, Sweden

Highlights

e System dynamics model for transitions from owning to sharing with GHG emissions
e Sharing of laundry facilities has considerable potential in EU countries
e Sharing may save more GHG emissions in countries with higher energy carbon intensity

Abstract

In order to meet the EU’s climate and resource efficiency targets, changes in our daily-life behaviours, as
well as business models, are urgently necessary. More insights are needed to make real changes based on
research with a systems perspective. We developed a system dynamics model to analyse the environmental
benefits of a transition from ownership-based to access-based household laundry activities. The model
considers demographic, technological and behavioural aspects and thereby assesses the environmental
impact of laundry activities. The model is applied to the Swedish as well as the European context and allows
cross-country comparisons. The results indicate a significant potential of the sharing economy. The higher
utilisation of shared machines and extended lifespans of the machines can cut greenhouse gas emissions by
a third and lower raw material usage overall and lower primary raw material in production due to higher
recycling rates. The carbon intensity of the energy mix is a crucial factor for the environmental consequences
that arise through changes in energy usage due to sharing economy practices. This case study shows the
value of adopting policies that could promote sharing and extended life spans.

Keywords: sharing economy; access-based consumption; washing machine; system dynamics;
environmental impact analysis.

1 Introduction

The transition towards a more sustainable future, where humanity operates within the planetary boundaries,
is one of the major challenges of our time. The sharing economy (Parente, Geleilate, & Rong, 2018) can
help alleviate the current economy’s resource consumption. It can potentially increase the utilisation
intensity of products by avoiding each person having to own a product for the fulfilment of one’s needs
(Byers, Groth, & Sakao, 2015).

A fair amount of literature on direct environmental impacts of the sharing economy revolves around
transportation, accommodation, and small consumer goods. Several meta-reviews of the environmental
impacts of sharing are available, for example, for car-sharing schemes (Chen & Kockelman, 2016; Jung &
Koo, 2018), tools or clothes (Skjelvik, Erlandsen, & Haavardsholm, 2017) or the entire peer-to-peer sharing
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platform mediating the sharing of everyday items like skis, electric tools, cars, video games, bicycles and
cooking equipment (Martin, Lazarevic, & Gullstrom, 2019).

Most of the studies identify different contextual environmental benefits from sharing solutions, which are
mainly due to savings from avoided production or more efficient use of shared assets over their productive
lifetime. (Ala-Mantila et al., 2016), for instance, stress the benefits of collaborative consumption among
solo-dwellers to reduce greenhouse gas (GHG) emissions of small-sized urban households. (Underwood &
Fremstad, 2018) find that sharing within households leads to decreasing transport-related emissions and
residential energy use.

Inherent to most households in European countries are washing machines (WMs), which in the EU account
for the largest share of household appliances by mass. Annually, about 1.4 Mt, or 22%, of the total mass of
all household appliances brought to the EU’s market are new WMs with the current stock estimated at 191.9
million (Huisman et al., 2018). This means that a majority of European households has their own WM
(Pakula & Stamminger, 2010). Although WMs are fairly expensive, they are largely underutilised with long
idling times (Pakula & Stamminger, 2010; Saccani, Perona, & Bacchetti, 2017). Effective sharing of such
idling appliances can generate economic savings for households and free the increasingly expensive space,
which is a lucrative opportunity for both property owners and real estate developers. However, there are
little signs that sharing strategies win over product ownership and the existing solutions for shared access
to laundry facilities seems to be in decline in many cities. Better understanding of the benefits from resource
efficiency improvements through sharing can bring another perspective to support the decisions.

Little of previous work touches on the transitional dynamics and environmental implications of shifting
from ownership-based to access-based consumption of laundry activities and WMs in particular. Borg &
Hogberg (2014) point to a decrease of shared communal laundry facilities in Sweden and the environmental
disadvantages of individual ownership of WMs to shared laundry facilities. Shahmohammadi et al. (2018)
present a cross-country study about the drivers of the variability in life cycle GHG emissions of WMs.
(Retamal & Schandl, 2017) compare the resource consumption of different forms of laundry in a developing
country context, and Stamminger (2011) develops a generic model for the resource consumption for laundry
in households but stays with the analysis on the product level.

With a focus on the sharing economy, this paper aims to advance the body of knowledge by proposing a
dynamic simulation model that touches upon multiple aspects, including user behaviour, technological
development, policy role, and environmental impact. A dynamic approach offers a contrast to many of the
existing static and descriptive studies and can show how the underlying system evolves over time.

We are, in particular, interested in how the environmental impact changes if large parts of the population
start to engage in shared laundry practices and what are the important factors determining the impacts. The
research goal is to assess the potential environmental consequences of the large-scale implementation of
access-based consumption as an alternative to ownership-based consumption of WMs. The object of study
is household laundry practices with WMs at the core of the analysis. The following research question is
formulated:

RQ: What are the environmental consequences of a shift from individual ownership-based to access-based
consumption for home laundry activities in multi-family housing?

The remainder of this paper is as follows. In Section 2, we provide background information including policy,
design and business model aspects around WMs. Section 3 explains the system dynamics model that we
developed. Section 4 then discusses the usefulness of the model by presenting the simulation results, and in
particular, a comparison between a Swedish and the European average parametrisation. Finally, Section 5
concludes the paper.
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2 Background

2.1 Sharing, collaborative consumption and access-based consumption

The terms sharing, collaborative consumption and access-based consumption are three concepts that are
used to classify certain sharing activities. Sharing has a joint sense of ownership, like in a family, where
household items are shared with no single person to be the sole owner (Bardhi & Eckhardt, 2012). Access-
based consumption can be defined around six dimensions (Bardhi & Eckhardt, 2012):

e Temporality: consumers use a product only for a limited time.

e Anonymity: consumers use an object independently from each other. Interactions with other
consumers using the same object may vary.

e Market mediation: objects are mediated through a third party. This may be based on profit (e.g.
Airbnb) or not-for-profit considerations (e.g. library).

e Consumer involvement: consumers experience a differing degree of involvement in the provision
of an object, e.g. maintenance or delivery of objects.

o Type of accessed object: the object may be used for the experience it holds, e.g. entertainment, or
for the functionality it can bring. The object may be on a spectrum from digital (e.g. movies) to
material (e.g. tools).

e Political consumerism: consumption may be used more or less as a form of expression,
commitment or other political tool.

Collaborative consumption is a peer-to-peer-based sharing of underutilised products and services facilitated
through community-based online services (Belk, 2014). Belk (2014) sees collaborative consumption as a
subset of access-based consumption. It exhibits some level of market mediation. Popular examples of related
sharing economy business models that focus on unlocking the value of unused assets through online
platforms are Airbnb, eBay and Uber (Parente et al., 2018).

In the communication “A European agenda for the collaborative economy” (European Commission, 2016),
the European Commission presents its understanding of the sharing economy. The collaborative economy,
as the sharing economy is called, involves three types of actors: service or asset providers, who share
resources; users, who use or access the resources; and intermediaries. This is in line with Belk’s definition,
that “Collaborative economy transactions generally do not involve a change of ownership and can be
carried out for profit or non-profit.” (European Commission, 2016, p.3). In this paper, dealing with WMs
as a case, the nuanced differences between these terms are not critical; sharing and accessing are used
interchangeably, prioritising the readability.

2.2 Business models in the WM industry

For a few decades already, authors have tried to argue for a function-based economy (Mont, 2002; Stahel,
1994). A crucial advantage of such an economy is that the logic of economic success is not based on material
throughput, but on functionality delivered or needs fulfilled. Products can be delivered to multiple
customers, increasing utilisation and preventing the need for each person to own material goods (Martin,
2016). A business model can play a key role in utilisation; it defines how a company creates, delivers and
captures value (Teece, 2010). The most common business model in the WM industry is sales-based.
Households are purchasing machines and using them for a given time before disposing of them. When
looking at the utilisation of privately-owned WMs, it seems ownership is the “enemy” of utilisation. In
Western Europe, most households own a WM and are the single user with an annual average of 167 wash
cycles (Pakula & Stamminger, 2010). Assuming an average duration of a wash cycle of less than two hours
(Alborzi, Schmitz, & Stamminger, 2017a), WMs are used 330 hours a year, resulting in a utilisation rate of
approximately 4%!. Other, service-based business models, also lead to a de facto ownership-level utilisation.

. o1- . o . . .- . 330 hours
! A theoretical utilisation rate of actual utilisation over potential utilisation: ———————— = 4%,
24 hours*365 days
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For example, Homie, a Dutch company, offers WMs through a pay-per-use model with pricing based on the
degree of sustainability of the washing behaviour. The pricing model incentivises households to wash fewer
times, with colder temperatures and fuller loads (Bocken et al., 2018). An additional example is
BlueMovement (Bosch, 2018), an offering that leases WMs to private customers. After the first term of the
lease, the WMs return to the original equipment manufacturer and can be reused. Currently, service-based
offerings in general seem to be based on conventional machines, the design adaptations apparently do not
exceed the level of conventional offerings, and adaptations are mostly aimed at service and less on product
aspects. These kinds of service-based business models seem to be quite novel in the retail WM industry in
terms of ownership structure. Yet, they shouldn’t be neglected. Service-based offerings can contribute to a
circular economy by improving resource efficiency (Sakao, Wasserbaur, & Mathieux, 2019).

There are also business models that facilitate access-based consumption of WMs, such as communal laundry
rooms (Mont & Plepys, 2007) or launderettes (Amasawa et al., 2018). Both are access-based, allowing users
only to use the functionality of WMs and not to own them. Launderettes are self-service laundry businesses
typically seen in densely populated urban areas where living space is relatively expensive. The machines
have a long life and high durability, with multiple users accessing them. Communal laundry rooms are
facilities that are commonly accessed by the tenants of a building of flats and are managed by the housing
companies (Electrolux, 2019; Mont & Plepys, 2007). Payments are usually included in the rent, and the
scheduling can be via the internet, mobile phone applications or non-virtual means like noticeboards. A
third, rather theoretical option for commercially accessing WMs is peer-to-peer rental. WM owners may
grant free capacity of their WMs through apps or other forms of personal communication.

For the remainder of this paper, we will group the business models according to the ownership status of
WMs. We assume that business models either lead to ownership-based (e.g. the above-mentioned sales-
based or product-based offerings) or access-based (e.g. launderettes or communal laundry facilities)
consumption.

2.3  Governmental policies affecting environmental performance

There are several important policies that regulate the product market of WMs in the EU. The EU Ecodesign
Directive aims to improve the water and energy efficiency of WMs, and the recently adopted and updated
ecodesign requirements for WMs introduce new requirements to change product design and reparability in
order to save resources (European Commission, 2019). For instance, it prescribes WM producers to give
professional repairers access to certain spare parts, for a minimum of 10 years after placing the last machine
on the market (Cordella, Alfieri, & Sanfelix, 2019). The EU Energy Labelling Directive (European
Commission, 2010a) requests manufacturers to inform customers about the products’ energy performance.
This nudges producers to design efficient products, as it appeals to the customers’ environmental awareness
(Sammer & Wiistenhagen, 2006). Current policies also require new WMs to have at least one washing
programme running at 20 °C (European Commission, 2010b), as lower water temperatures are effective in
decreasing energy usage (Morgan, Foxon, & Tallontire, 2018).

Taking a national example of laundry-related policies, Swedish building regulations traditionally foresaw
to have communal laundry rooms for tenants in multi-family buildings. In Sweden, since the 1950s and 60s
communal laundry rooms became a regular part of multi-family building plans (Lund, 2009). However,
recently Borg and Hogberg (2014) observed trends among developers of new multi-family buildings to
move away from the concept of communal laundry towards solutions with an individual WM for each
household.

Both at the EU and the national level, there are new policies related to the circular economy, including
policies to combat planned obsolescence, open up the repair sector and make repair more attractive to
consumers (Maitre-Ekern & Dalhammar, 2016). In addition, some policies for the sharing economy are
being adopted by local governments at the city level (Martin et al., 2019). However, generally, policies to
support the sharing economy are fewer — as the developments are understood to be driven naturally by
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economic incentives — and these are of a “softer” nature involving more encouragement and support, rather
than regulation or taxes (SOU, 2017).

2.4 Design options for improving environmental performance

The most relevant design options to improve the environmental impact of WMs mainly affect the use phase,
i.e., the consumption of water and detergent as well as electricity usage. The largest potential for energy
improvements regards the decrease in the average wash temperature and optimal user behaviour (Schmitz
& Stamminger, 2014). There are several known design options to increase use phase efficiency, of which
some are partly implemented in premium models. Examples include brushless AC motors; cold wash and
complex mechanical action programmes; electronic controls to optimise detergent and water use, rinsing
and spinning; hot water supply of external sources instead of heating the water up in the machine;
substitution of potable water by rainwater, automatic detergent dispensing systems, steam cleaning for less
water usage, and programme optimisation; and nanotechnologies that can achieve hygiene functionality at
low temperatures (Barthel & Gotz, 2013; Boyano et al., 2017). A repair service-based statistic, provided by
an Austrian repair shop, unveils that electronics, shock absorbers and bearings, door components, and
carbon brushes make up the majority of failures in WMs (Tecchio, Ardente, & Mathieux, 2016). These parts
are priority parts for lifespan-extending measures for household WMs (Cordella et al., 2019).

3 Method and model

3.1 Overview

System dynamics (SD) is the selected method for this study, as it allows to model complex system structures
and simulate dynamic behaviour (Sterman, 2000). In SD, stocks represent variables that accumulate or
dissipate over time. The changes in these stocks are realised by flows. Feedback is understood as circular
causal loops that either have self-reinforcing or balancing behaviour (Sterman, 2000). Typically, an SD
model consists of a set of phenomena or processes that are by themselves relatively easy to understand.
Complexity can emerge when these phenomena are interlinked and simulated over time. Often, the specific
value of such models lies not just in showing the systems’ dynamics but also in exposing new system
behaviour that was not obvious by analysing the single phenomena (Davis, Eisenhardt, & Bingham, 2007).

This study looks at the environmental impacts of accessing of WMs compared to individual ownership. Our
SD model considers demographic growth, technological development, and behavioural aspects as well as
the related emissions of carbon dioxide equivalents (CO»eq). The analysis focusses on the laundry practices
of the population in multi-family housing. The model was formulated based on a review of the WM-related
and sharing economy literature, as well as interviews with industry actors. The model was developed with
Vensim PLE Plus for Windows version 8.0.4. The SD model consists of three sub-models: the population
model, the use phase model and the emissions model; the respective stock-flow diagrams can be found in
the appendix.

3.2 Population model

The population model captures the basic demographic development in multi-family housing. We assume
that only households in multi-family buildings are relevant for sharing of laundry facilities. Due to living
space limitations and higher population density, they are much more likely to consider whether to own or
share laundry equipment. Therefore, the population’s households are split into sharers and owners (see
Figure 1). Sharing households access WMs, whereas owning households privately own WMs. Both of these
household stocks increase according to their relative size and by publicly available population growth rates.

The stocks of WMs increase relatively with the households using them. For every owning household, a new
WM is added to the stock. The stock of shared WMs also grows with the sharing households but at a slower
rate, as multiple sharing households access one WM. WMs break down at the end of their lifespan; the
lifespan is measured in wash cycles instead of years. Assuming a WM can perform a maximum number of

5
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wash cycles before it becomes obsolete, it is the utilisation that determines the time a machine is in use. In
the case where a WM becomes obsolete, a window of opportunity opens for a household to change its
behaviour from owning to sharing. This sub model is inspired by the Bass diffusion model (Sterman, 2000),
but works differently from it. The causal loop diagram in Figure 1 describes these dynamics.

owners sharers
- +
+ +
ty shared machines

private machines @ adopters

in use + sharers per in use
machine Cl—f -
+ ~——
obsolete private +

machines obsolete shared
machines

Figure 1. Causal loop diagram showing the model’s internal feedback loops. The population is split into owners and sharers.
Owners have private machines in use, once they become obsolete, a part of the owners adopts sharing behaviour and shifts to
sharers, whereas the rest remains owners. The more sharers, the more people have to share a given amount of machines. The
number of shared machines in use grows in relation with the amount of sharers. The utilisation is determining how quickly machines
become obsolete. The more shared machines in use, the less sharers per machine. See the appendix for the stock-flow diagrams.

3.3 Use-phase model

The use-phase model simulates detergent consumption and energy usage during the use phase. Several data
points regarding the life cycle impact of WMs are taken from existing data material (Boyano et al., 2017).
During the use phase, the user behaviour determines the usage of electricity and detergents.

User behaviour can have a significant impact on the water and detergent consumption as well as the energy
usage of a WM (Alborzi et al., 2017a; Schmitz & Stamminger, 2014). Alborzi et al. (2017a) have shown
that laundry user behaviour differs between European countries; laundry behaviour is measured by variables
such as frequency of used programmes, load rates, type of laundry care or wash cycles per week. We assume
user profiles that depend on the household size and whether the households are sharing or owning WMs.

Due to technological improvements and policy requirements, new machines are more efficient; every new
machine reduces the average consumption of the entire WM stock. The diffusion of the efficiency
improvements in the stock depends on the replacement rate of the old machines (see also Figure 4).
Considering that a WM’s lifespan is approximately 3,000 wash cycles, the time scale is an important aspect.
The parameter electricity usage of a new washing machine reflects technological improvement throughout
the simulations. The parameter value decreases over the years and it expresses the electricity used for an
average wash cycle in kilowatt hours (Boyano et al., 2017).

3.4 Emissions model

The emissions model adopts a life cycle perspective, including production, the use phase and end-of-life
(EoL) management of WMs (see ). Earlier works have shown that the use phase is the major contributor to
life cycle emissions of WMs (e.g., (Shahmohammadi et al., 2018)). Production includes emissions caused
by raw material extraction and manufacturing, while use phase emissions are determined through the use of
electricity and detergents. The EoL management phase leads to savings of emissions associated with avoided
raw material extraction through recycling. Due to the low contribution, packaging and distribution are not
considered (Boyano et al., 2017).
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Production and EoL-related processes are assumed constant throughout the simulation period, whereas
decarbonisation of the energy mix over the next decades (EEA, 2017), as well as technological
improvements that lead to higher energy efficiency of WMs (Barthel & Gotz, 2017; Boyano et al., 2017),
are included. The bigger mass of shared (larger and better quality) WMs is accounted for by considering a
higher resource consumption, a heavier emissions impact in production as well as respective savings at the
EoL. In addition, as shared WMs are typically operated by commercial or other formal entities, i.e.
launderettes or communal laundry facilities, we assume a 100% collection rate. Private WMs are collected
to a lesser degree and depend on national levels (Eurostat, 2019b).

@HG emissions \

[ Use phase
[ Production ]

+

N . y

Figure 2. Simple model for considering GHG emissions over the entire life cycle

3.5 Model validation

In a strict sense, SD models cannot be validated, but their usefulness can be shown (Sterman, 2000). The
model development followed SD modelling guidelines (Rahmandad & Sterman, 2012). In this regard,
multiple tests were conducted to gain confidence in the model results. The purpose of the model is to show
changes in resource consumption and emissions in case more people adopted sharing behaviour. We drew
the system boundaries around households and the used washing machines, whereas changes in behaviour
are covered by scenarios.

Testing included extreme parameter value testing, where parameters are set to very high or low values to
see if the model exhibits illogical behaviour. The model was tested for time step adequacy, with one day as
the smallest time step, as well as for integration error using two different integration methods (Euler and
Runge-Kutta), with no significantly different results for both tests. As the model is used to analyse the novel
behaviour of households shifting to shared laundry activities, behaviour reproduction tests were omitted. A
unit test has been conducted, showing the consistency of the variables’ dimensions and units. Parameters
are consistent with the real world.

In order to find the system’s hotspots, a univariate sensitivity analysis was conducted, where one parameter
is increased by up to 100% and decreased by up to 50%, while the other parameters are kept at the reference
level (see Table 1). This procedure has been performed for each parameter, and for all three scenario types
that are described in the following section. In order to depart from an equilibrium state during sensitivity
testing, population growth was assumed to be zero.

The accumulated GHG emissions over the studied period were fairly sensitive to two parameters: both,
average household size and detergent use per wash had a strong effect on GHG emissions when being
increased by 100%. The effect of the household size is not surprising. Household size increases the wash
frequency per household, and in turn, leads to machines becoming obsolete faster. Even though household
size may be a hotspot, it is not a critical parameter as it has not changed much in the last decades and is not
expected to do so in the future (1.9 people per household in Sweden (Statistics Sweden, 2019), and 2.3 for
EU average (Eurostat, 2018a)). Detergent use per wash is partly determined by the washing machines’
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specifications and partly by user behaviour. The sensitivity of the environmental impact of laundry activities
to behavioural aspects has also been shown in earlier works (Pettersen, Boks, & Tukker, 2013).

The results of a washing process depend on the combination of washing time, mechanical work, wash
temperature and chemical application (Alborzi, Schmitz, & Stamminger, 2017b). Due to the trends in policy
making to encourage a reduction of the average wash temperature in the coming years, the relative
contribution to environmental impacts of detergents will increase. Therefore, we do not assume a decrease
in detergent use but rather constant levels throughout the simulation period, unlike energy use, which is
assumed to decrease.

3.6 Scenarios

Sweden and the EU average serve as cases for the scenario setting. Compared to other industrialised
countries (Pakula & Stamminger, 2010), Sweden has a relatively low household ownership rate of WMs.
Approximately 25% of all households do not own a WM (Statistics Sweden, 2009), although practically
every person can afford a WM (Eurostat, 2018b). This number has declined slightly from 1990 until today
but remains at a relatively high level. The low ownership rate goes back to a long tradition of sharing of
communal washing centres and a right for everybody to have clean clothes (Lund, 2009).

On the other hand, the ownership level of the EU average is higher than in Sweden. Several countries in the
EU exhibit more than 95% ownership rates (Pakula & Stamminger, 2010), and the EU average is at 89%
(see calculations in the appendix). The usage of WMs differs quite a bit between countries. Sweden has a
frequency of 140 wash cycles per household per year, while the EU average is at 167 (Pakula & Stamminger,
2010).

Eurostat population projections (Eurostat, 2015) suggest an average annual population growth of 0.7% for
Sweden until 2049 and only 0.08% for the EU average. According to these projections, the demographics
in European countries are fairly heterogeneous. The overall European population reaches a peak at around
2040, after which it decreases. In Sweden, the population is projected to grow continuously until the year
2100. The average living area per person has slightly decreased over the last years, and the household size
in multi-family housing is 1.9 persons per household. For the sake of comparability, in EU-average scenarios
the same population size is used as for the Swedish scenarios. Looking at the distribution of the population
by dwelling type in Sweden, approximately 44% (2.0 million households) live in single-family housing and
48% (2.2 million households) in multi-family housing. Throughout the EU, 42% of the population lives in
multi-family housing (Eurostat, 2019a).

In line with publicly available data (Statistics Sweden, 2009; Zimmermann, 2009), we assume a 50%
ownership rate for WMs of households in multi-family buildings in Sweden. Previous work estimates that
there are 30,000 communal laundry facilities in multi-family buildings, with 200,000 shared machines.
Therefore, the 1.1 million non-owning households have access to 200,000 machines (Borg & Hogberg,
2014), or 5.5 households per shared WM. For the EU average, our calculations indicate a higher ownership
rate of 73.8%, which translates to 1.62 million owners and 567,000 sharers. Due to a lack of data, we will
assume the same access rate of 5.5 households per shared WM for the EU average.

For analysing the environmental impacts of the sharing of laundry facilities, the national electricity mixes
are important as the biggest impact happens during the use phase of a WM’s life cycle. In 2018, the carbon
intensity of the electricity consumed in Sweden was the lowest of the entire EU at 47 g COzeq/kWh (Moro
& Lonza, 2018), whereas the European average was at 306 CO.eq/kWh. Forecasts of carbon intensities
were used during the simulation period.

Departing from this statistical background, three “what if” scenarios are developed. The scenarios are
simulated for the time frame 2019 - 2049 to assess the differences in the environmental impacts between
access-based and ownership-based consumption for household laundry activities. The first scenario reflects
the status quo with the continuation of current sharing practices, the second scenario assumes that 50% of
owners become sharers, and the third scenario assumes a 100% sharing behaviour adoption rate. We assume
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that owners consider shifting to access-based consumption when their machines become obsolete, i.e. when
the WMs are at the end of their lifespan. The simulations start from a state in which the WM stocks are well
mixed, i.e. washing machines with varying remaining lifespans. The comparison between Sweden and the
EU shows, on the one hand, the usefulness of the SD model in comparing different contexts, and on the
other, the varying importance of parameters depending on the country context.

3.6.1 Status quo

This scenario assumes a perpetuation of the status quo of the current ownership structure of WMs and serves
as a baseline for the simulations. Borg and Hogberg (2014) have indicated that there is a trend in current
building practices in Sweden away from communal laundry facilities towards placing individual WMs into
each household. This indicates that the status quo scenario might already be an optimistic scenario in terms
of ownership levels. In Sweden, approximately 50% of the households in multi-family buildings have their
own machines, whereas the remainder uses shared machines.

Sharers are assumed to wash differently than owners. Due to limited accessibility, they wash less frequently,
and, given the same laundry needs, they load the WMs with more laundry per wash cycle. This decreases
the annual number of cycles from the current 140 (167 for EU) per household to 100. Moreover, shared
WDMs have a higher efficiency per load as their capacity is larger. Furthermore, we assume that the lifespan
of WMs designed for communal laundry facilities remains at a level of 30,000 cycles (Electrolux, 2018)
throughout the simulations.

3.6.2 50% become sharers

In the “50% become sharers” scenario, we investigate a hypothetical case where sharing advances
significantly compared to the status quo scenario. In this scenario, the growth of sharing households depends
on the obsolescence rate of private WMs. In 50% of the cases, when a machine becomes obsolete, instead
of buying new machines, households decide to shift their behaviour to access-based consumption. The
relevance of events such as breaking down of equipment, moving into other areas for living, or new
infrastructure for shifting one’s behaviour has been described in earlier work (Amasawa et al., 2018). As
there is population growth, both stocks of sharers and owners will still increase, yet the stock of sharers
grows relatively stronger.

3.6.3 100% become sharers

In this extreme scenario, we investigate the question, “what if everyone becomes a sharer?” when old
machines become obsolete. In this scenario, from the first year on, all owners whose WMs break down
switch to become sharers, and all new households that emerge due to population growth become sharers as
well.

4 Results and discussion

4.1 Initialisation of the model

This work explores changes in GHG emissions that are related to a transition from ownership-based to
access-based laundry activities. The analysis focusses on the fulfilment of laundry needs of a population
living in multi-family housing, in this case, the necessary washing machines and associated GHG emissions.

The model simulations were based on two sets of parameters: one for Sweden and one for the EU average.
In the status quo scenario, the levels of private ownership of WMs stay the same. The production of new
WDMs remains at high levels; it is driven by the replacement of the existing WM stock, as well as new
households that emerge naturally from the population growth. The second scenario assumes that 50% of
owners turn to sharers. As a consequence, the percentage of WM sharers increases dramatically, to around
75% of the multi-family housing population by the end of the simulation period. The growth of the group
of sharing households depends on the obsolescence rate of private WMs. In the third and rather idealistic
scenario, every WM-owning household becomes a sharer after the WM becomes obsolete. No new private
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WDMs are added, while the stock slowly depletes as the machines break down. For the sake of comparability
between the Swedish and the EU average parametrisation, all simulations’ initial population equal the
Swedish population living in multi-family housing of 2.2 million households.

Table 1. Initial values for the simulation sets.

Sweden EU average

Energy carbon intensity in 2019

[g CO2eq/kWh] 47 306
source: (Moro & Lonza, 2018),(EEA, 2019)

Annual population growth rate [%] 0.70% 0.08%

source: (Eurostat, 2015)

Wash cycles per household

[cycles/household/year] 140 167
source: (Pakula & Stamminger, 2010)

WM collection rate [%] 0.55 0.41

source: (Eurostat, 2019b)

4.2  Simulation results

The “100% become sharers” scenario shows the lowest levels of GHG emissions (Table 2). In the Swedish
case, access-based consumption results in a 29% reduction of the total GHG emissions compared to the
status quo, and in the European case, a 35% reduction. The gap between the Swedish and European starting
values (see the gap between the two groups of lines inFigure 3) is explained by the different initialisations.

The fact that sharing can be so beneficial in Sweden despite relatively low energy carbon intensity shows
that the impact of non-electricity factors like product materials and detergents is quite important. The
difference spreads (Figure 3) within the two groups also show that with EU conditions, sharing could have
a larger relative impact on GHG reductions than in Sweden.

4B B
3B T
&
3]
2
2020 2025 2030 2035 2040 2045
I Time (Year
“B” = billion (Year)
—— EU 100% adopters —— EU Status quo —— 5SWE 30% adopters

EU 50% adopters SWE 100% adopters SWE Status quo
Figure 3. Total accumulated COzeq emissions of six scenarios from 2019-2049. The upper group of lines represents the three EU
scenarios, the lower three lines the Swedish scenarios. The functional unit is the washing needs of the population living in multi-

family housing expressed in wash cycles per household.

The accumulated numbers of produced machines differ quite a lot between the scenarios (see Table 2). In
the “100% become sharers” scenario, 2.04 million (EU: 2.92 million) fewer private machines and 93,000
(EU: 137,000) more shared WMs are produced than in status quo. This means the population can fulfil its
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needs with much fewer resources, as each shared machine replaces approximately 21.9 (EU: 21.3) privately-
owned WMs. This is mainly explained through the higher utilisation and longer lifetimes of shared WMs.
Important to note is that shared washing machines are assumed to be 15% heavier, yet their use application
significantly decreases total GHG emissions.

The average mass used in washing machines per household is calculated by adding up the accumulated
numbers of private and shared machines divided by the total number of households. Note that the material
composition was not considered in these calculations. For the Swedish scenarios, the average mass per
household ranges from 47.2 kg to 108.2 over the three scenarios and in the European scenarios from 72.4
kg to 176.4. These high differences between the levels mainly go back to higher sharing rate in Sweden
coupled with a faster population growth. Due to the different population growth forecasts (i.e. annual
population growth of 0.7% for Sweden and 0.08% for EU average), the reference population in the Swedish
scenarios grows from 2.2 million households to 2.69 and in the European scenarios from 2.2 to 2.25 until
the end of the simulation period. Table 2 also presents how many households share a WM. It is interesting
to see that only a few more households per shared machine are necessary to cause a notable drop in mass
per household, i.e. material consumption. Note that in the EU average ownership levels are higher than in
Sweden.

Table 2. Simulation results of the scenarios at the end of the simulations, year = 2049.

Sweden EU average
Fraction of owners becoming
sharers 100%  50% OGS | g0, 500,  Status
quo quo
Accumulated CO;eq emissions
[billion kgCO1eq] 0.96 1.13 1.35 2.39 2.87 3.69

Accumulated number of private
WM s produced 2019-2049 1.10 1.91 3.14 1.62 2.61 4.54
[million units]

Accumulated number of shared
WDMs produced 2019-2049 330 300 237 252 206 115
[thousand units]

Mass per household
[kg per household] 47.2 71.4 108.2 72.4 107.6 176.4
Households per shared WM
[household/machine] 14.7 13.9 11.3 17.4 16.2 10.1
Accumulated detergent use

635 718 817 700 805 992

[million kg]

The accumulated detergent shows how large-scale application of more efficient machines can change the
picture. Between the status quo and the 100% scenarios, there is a 22% difference for Sweden and 29% for
the EU average.

The stocks of WMs are a mix of machines with different efficiencies, and the average of the stock is less
efficient than the newest model. Figure 4 exemplifies this efficiency gap and the differences between the
scenarios. Because the three scenarios have differing levels of utilisation (see “Households per machine” in
Table 2), in the 100% scenario, utilisation is higher, and the WMs wear out faster and become obsolete.
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Therefore, the average efficiency of the stock is closer to new machine-levels. In this sense, sharing and its
increased utilisation of products accelerates the decrease of use-phase emissions.

0.7

kWhicycle

0.4
2020 2025 2030 2035 2040 2045

Time (Year)

——  average electricity usage per shared washing machine : SWE 100% electricity usage of a new shared washing machine : SWE status quo

average electricity usage per shared washing machine : SWE 50%

average electricity usage per shared washing machine : SWE status quo

Figure 4. Energy efficiency gap between the newest WMs and the average WM in stock. The gap is the distance between the dark
curve at the bottom and the coloured curves for each scenario.

4.3 Discussion

The results in Table 1 help to answer the research question regarding the potential environmental effects of
access-based consumption. Comparing the 100% scenario with the status quo scenario, we can see the
difference in total emissions of -29% for Sweden and -35% for the EU, which shows the potential of sharing
and is an argument for more political attention to the sharing economy (Maitre-Ekern & Dalhammar, 2018).
The number of accumulated private machines drops by 65% in Sweden and 64% in the EU average, whereas
the additional accumulated number of shared machines is only 93,000 in Sweden and 137,000 in the EU,
which translates to fairly high replacement rates. In Sweden, one shared WM replaces 21.9 privately-owned
WDMs, and in the European average, one shared WM replaces 21.3 private WMs.

There is an additional benefit of sharing: each WM needs approximately an area of 1 m?, which in the
suggested scenarios translate into, millions of square meters saved. This gives tenants more space in their
flats and a higher property value for real estate developers, or it enables smaller flats with associated
reductions in resource use and emissions.

The impact of access-based consumption of energy using goods also depends on the geographic location.
The differences in carbon intensities of national electricity mixes are a major concern for environmental
impact assessments (Shahmohammadi et al., 2018). The results show that the EU average could not reach
the low Swedish emissions levels, even if the whole population shared their WMs. This highlights the need
to consider carbon intensities of electricity mixes when assessing policies for sharing economy.

The SD approach turned out useful to integrate diverse aspects from technology, behaviour and the
environment. The analysed system exhibits multiple stocks, such as WMs and households, as well as internal
feedback loops that affect overall resource use. SD allows an efficient way to deal with these system aspects.
In addition, the visualisations offered by the SD tool, such as causal-loop diagrams and stock-and-flow
diagrams, are a useful facilitator for system understanding and model development.
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The proposed SD model could be used for various populations across geographic areas. It might also be
applied to other energy-using products like large household appliances and tools (Skjelvik et al., 2017). For
the transition from owning to sharing, we chose a scenario approach where 0%, 50% or 100% of households
shift from ownership- to the access-based behaviour without going into detail why households change their
behaviour (Amasawa et al., 2018). For SD literature dealing with motivational aspects, we refer to (Ulli-
Beer et al., 2010) or (Sterman, 2000), who develop dynamic models for behaviour change, including social
norms and individual costs.

Influences from governmental policies were only indirectly part of the model, in the form of increasing
energy performance (European Commission, 2010b) and the resulting decreasing energy use of washing
machines. How to further operationalise policy aspects could be addressed in future work. Further, this
study is a system analysis of a socio-technical system focussing on the environmental impact associated
with sharing or individual ownership. Other systems that may be analysed in a similar manner are car-
sharing systems, bicycle-sharing systems, or other sharing systems for durables such as tools and clothes
(Martin et al., 2019).

5 Conclusions

This work was motivated by the lack of studies on the transitional dynamics from owning to sharing and
their effect on the environmental impacts in the extant literature. We analysed the case of washing machines
in multi-family housing. Therefore, a system dynamics model was developed. The model includes aspects
from population growth, designs of WMs, user behaviour, technological development and environmental
impact assessment. It allowed to analyse the changes of product stocks as well as the related GHG emissions
under the assumptions of certain user behaviours and national electricity carbon intensities. Model
simulations used parametrisations for Sweden as well as the EU average.

The results showed that sharing behaviour for household laundry can decrease the related emissions
significantly. The more households practice access-based consumption instead of owning WMs, the fewer
WDMs need to be produced overall resulting in less material consumption. Under the given assumptions
regarding lower wash frequency and usage of more energy-efficient and longer-lasting machines, sharing
resulted in GHG emission reductions of 29% with the Swedish parametrisation and 35% for the EU average.
We regard the assumptions well-grounded and plausible and thus the overall results as rather robust.

We conclude that the rapid deployment of an energy-using technology that significantly improves its energy
efficiency over the next years is valuable for reducing the increase of GHG emissions. In addition, with the
decreasing significance of electricity (due to the mentioned efficiency improvements and the greening of
energy mixes), emissions related to materials are of growing significance for energy-consuming products
such as washing machines. This holds true also when the electricity consumption during the use phase
exhibits a significantly lower carbon intensity and when energy use related to material processing, i.e.,
during production and EoL phases, has a higher carbon intensity.

The model has been applied in particular to the Swedish case. Sweden is a country with a relatively high
sharing rate throughout the population. The country’s energy mix also exhibits a very low energy carbon
intensity. In order to put the Swedish case into perspective, a comparison to the EU average has shown that
Sweden’s relatively green electricity leads to lower laundry-related emissions than the EU average. These
results might be interpreted as an argument for policies that support and facilitate shared laundry activities
all across Europe in order to decrease GHG emissions.

A continuation of this work may be to make behaviour change an endogenous part of the model instead of
treating it exogenously. Doing so, would be a progress towards answering the important question of “HOW
TO make larger parts of population become sharers?” instead of “WHAT IF larger parts become sharers?”.
Future work on this issue might also take a broader stance on factors contributing to GHG emissions; e.g.,
technological developments apart from using heated water, which might bring benefits, especially in
countries with a higher carbon intensity of the energy mix.
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677  Appendix A: Stock-flow diagrams and lists of model equations organised
678  after sub-models
679 Al Population model: list of variables

accumulated private machines = INTEG (sales rate, Private Machines in Use)
Units: washing machine

accumulated shared machines = INTEG (sales rate SHARED, Shared Machines in Use)
Units: washing machine

becoming sharers = MIN(obsolescence rate*fraction of sharing behaviour adopters/washing machines per
HH,Owning Households/TIME STEP) Units: household/Year

Note: “becoming sharers” is the rate of owners adopting sharing behaviour.

fraction of sharing behaviour adopters = 1
Units: household/washing machine

scenario dependent: 0, 0.5 or 1

households per shared WM = Sharing Households/Shared Machines in Use
Units: household/washing machine

lifespan = 2750
Units: cycle/washing machine
source: (Boyano et al., 2017)

lifespan shared = 30000
Units: cycle/washing machine

source: (Electrolux, 2018)

new consumers sales rate = owners increase rate*washing machines per HH
Units: washing machine/Year
new sales rate shared =(sharers increase rate+becoming sharers)/recommended households per shared WM
Units: washing machine/Year
obsolescence rate = Private Machines in Use/lifespan*wash cycles per machine
Units: washing machine/Year
obsolescence rate SHARED = Shared Machines in Use/lifespan shared*wash cycles per machine
SHARED
Units: washing machine/Year
ownership rate = Owning Households/(Owning Households+Sharing Households)
Units: dmnl
Owning Households = INTEG (owners increase rate-becoming sharers, 1.62e+006)
Units: household
EU: 1.62 million
SWE: 1.1 million
owners increase rate = Owning Households*"population growth rate"
Units: household/Year

Note: “owners increase rate” is the increase of owners due to population growth.

Private Machines in Use = INTEG (sales rate-obsolescence rate, Owning Households)
Units: washing machine

population growth rate=0.0008
Units: 1/Year
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680

EU: 0.0008
SWE: 0.007
Note: “population growth rate” represents the expected growth rate of the general population.

recommended households per shared WM = 25
Units: household/washing machine
source:(Borg & Hogberg, 2014)
Sharing Households = Sharing Households= INTEG (becoming sharers+sharers increase
rate,0.5764e+006)
Units: household
EU:576,400

SWE:1,100,000

sales rate = [F THEN ELSE(fraction of sharing behaviour adopters < 1, (obsolescence rate* (1-fraction of
sharing behaviour adopters))+new consumers sales rate , 0 )
Units: washing machine/Year
sales rate SHARED=new sales rate shared+obsolescence rate SHARED
Units: washing machine/Year
sharers increase rate=Sharing Households*"population growth rate"
Units: household/Year
Shared Machines in Use= INTEG (sales rate SHARED-obsolescence rate SHARED, Sharing
Households/10)
Units: washing machine
washing machines per HH = 1
Units: washing machine/household
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681 A2 Population model: stock-flow diagram
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684

A3 Use phase model: list of variables
accumulated detergent use private = INTEG (Detergent Usage Private, Detergent Usage Private)

Units: kg

accumulated detergent use SHARED = INTEG (Detergent Usage SHARED, Detergent Usage SHARED)
Units: kg

accumulated total detergent use = accumulated detergent use privatet+accumulated detergent use shared
Units: kg

annual machine detergent use private = detergent use per wash cycle private*wash cycles per machine
Units: kg/(washing machine*Year)

annual machine detergent use SHARED = detergent use per wash cycle SHARED*wash cycles per
machine SHARED
Units: kg/(washing machine*Year)

annual machine electricity usage = electricity usage of a new washing machine*wash cycles per machine
Units: kWh/ (Year*washing machine)

annual machine electricity usage SHARED = electricity usage of a new shared washing machine*wash
cycles per machine SHARED
Units: kWh/ (washing machine*Year)

annual wash cycles per HH = individual wash frequency PRIVATE * avg household size
Units: cycle/ (Year*household)

annual wash cycles per HH SHARED=individual wash frequency SHARED*avg household size
Units: cycle/ (Year*household)

average detergent usage per washing machine = Detergent Usage Private/Private Machines in Use
Units: kg/(washing machine*Year)

average detergent usage per washing machine SHARED = Detergent Usage SHARED /
Shared Machines in Use
Units: kg/washing machine/Year

average electricity usage per shared washing machine = Electricity Usage SHARED/Shared Machines in
Use
Units: kWh/ (washing machine*Year)

average electricity usage per washing machine = Electricity Usage Private/Private Machines in Use
Units: kWh/Year/washing machine

avg household size = 1.9
Units: persons/household

source: (Statistics Sweden, 2019)

decrease in detergent usage PRIVATE = average detergent usage per washing machine *
obsolescence rate
Units: kg/Year/Year

decrease in detergent usage SHARED = average detergent usage per washing machine
SHARED*obsolescence rate SHARED
Units: kg/Year/Year

decrease in electricity usage = average electricity usage per washing machine*obsolescence rate
Units: kWh/Year/Year

decrease in electricity usage SHARED = average electricity usage per shared washing
machine*obsolescence rate SHARED
Units: kWh/ (Year*Year)

Detergent Usage Private = INTEG (increase in detergent usage private-decrease in detergent usage
PRIVATE, Private Machines in Use*annual machine detergent use private)
Units: kg/Year
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Detergent Usage SHARED = INTEG (increase in detergent usage SHARED-decrease in detergent usage
SHARED, Shared Machines in Use*annual machine detergent use SHARED)
Units: kg/Year
detergent use per wash cycle private = 0.1
Units: kg/cycle
source: (Kruschwitz et al., 2014)

detergent use per wash cycle SHARED = 0.08
Units: kg/cycle
source: (Kruschwitz et al., 2014)

electricity usage of a new shared washing machine = energy usage over time SHARED(Time)
Units: kWh/cycle

electricity usage of a new washing machine = energy usage over time PRIVATE(Time)
Units: kWh/cycle

Electricity Usage Private = INTEG (increase in electricity usage-decrease in electricity usage, Private
Machines in Use*annual machine electricity usage)
Units: kWh/Year

Electricity Usage SHARED = INTEG (increase in electricity usage SHARED-decrease in electricity
usage SHARED, Shared Machines in Use*annual machine electricity usage SHARED)
Units: kWh/Year

energy usage over time PRIVATE ([(1990,0) - (2050,1.5)], (1990,1.48), (2010,1.1), (2015,1.04),
(2020,0.97), (2025,0.91),(2030,0.85),(2035,0.79),(2040,0.73),(2045,0.67),(2050,0.6 1))
Units: kWh/cycle

source: (Boyano et al., 2017)

energy usage over time SHARED([(0,0)-(2050,10)],(1990,1.48), (2010,0.69),(2015,0.59), (2020,0.49),
(2025,0.43), (2050,0.43))
Units: kWh/cycle
source: (Boyano et al., 2017)
FINAL TIME = 2049
Units: Year
The final simulation time.
increase in detergent usage private = annual machine detergent use private*sales rate
Units: kg/(Year*Year)
increase in detergent usage SHARED = sales rate SHARED*annual machine detergent use SHARED
Units: kg/Year/Year
increase in electricity usage = annual machine electricity usage*sales rate
Units: kWh/Year/Year
increase in electricity usage SHARED = sales rate SHARED*annual machine electricity usage SHARED
Units: kWh/ (Year*Year)
individual wash frequency PRIVATE= 87.89
Units: cycle/Year/person
EU: 87.89
SWE: 73.68
source: (Pakula & Stamminger, 2010)
individual wash frequency SHARED = 52.63
Units: cycle/Year/person
assuming 100 cycles per household = with 1.9 indiviudals per household: 52.63 * 1.9 =100
INITTAL TIME = 2019
Units: Year
The initial time for the simulation.
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686

TIME STEP =1
Units: Year [0, 7?]
The time step for the simulation.
wash cycles per machine = annual wash cycles per HH/washing machines per HH
Units: cycle/ (washing machine*Year)
wash cycles per machine SHARED = annual wash cycles per HH SHARED*households per shared WM
Units: cycle/ (washing machine*Year)
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A4 Use phase model: stock-flow diagram
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692 A5 Emissions model: list of variables

accumulated CO2 emissions = CO2 Use Phase PRIVATE+CO2 Use Phase SHARED+CO2 Production
PRIVATE+CO2 Production SHARED-CO2 savings total
Units: kg CO2e
CO2 manuf not electricity per unit PRIVATE = 52
Units: kg CO2e/washing machine
source: (Boyano et al., 2017)

CO2 manuf not electricity per unit SHARED = 59.8
Units: kg CO2e/washing machine
same as PRIVATE +15% for more mass = 52*1.15=59.8

CO2 per kg of detergent = 1.12
Units: kg CO2e/kg
source: (Shahmohammadi et al., 2018)

CO2 Production PRIVATE = INTEG (CO2 rate for production PRIVATE, Private Machines in Use*(CO2
manuf not electricity per unit PRIVATE+electricity usage production PRIVATE
*Electricity Carbon Intensity))
Units: kg CO2e

CO2 Production SHARED = INTEG (CO2 rate for production SHARED,Shared Machines in
Use*(Electricity Carbon Intensity*electricity usage production SHARED+CO2 manuf not
electricity per unit SHARED))
Units: kg CO2e

CO2 rate for detergent use = CO2 per kg of detergent * Detergent Usage Private
Units: kg CO2e/Year

CO2 rate for detergent use SHARED = Detergent Usage SHARED*CO2 per kg of detergent
Units: kg CO2e/Year

CO2 rate for energy supply = Electricity Carbon Intensity*Electricity Usage Private
Units: kg CO2e/Year

CO2 rate for energy supply SHARED = Electricity Usage SHARED*Electricity Carbon Intensity
Units: kg CO2e/Year

CO2 rate for production PRIVATE = sales rate*(electricity usage production PRIVATE*Electricity
Carbon Intensity+CO2 manuf not electricity per unit PRIVATE)
Units: kg CO2e/Year

CO2 rate for production SHARED = sales rate SHARED*(electricity usage production
SHARED#*Electricity Carbon Intensity+CO2 manuf not electricity per unit SHARED)
Units: kg CO2e/Year

CO2 savings PRIVATE = (accumulated private machines-Private Machines in Use)*WM collection rate
* (recycling saving factor material+recycling saving factor material+recycling saving factor
electricity*Electricity Carbon Intensity)
Units: kg CO2e

CO2 savings SHARED = (accumulated shared machines-Shared Machines in Use)*(recycling saving
factor material+recycling saving factor electricity*Electricity Carbon Intensity)*1.15
Units: kg CO2e

CO2 savings total = CO2 savings PRIVATE+CO2 savings SHARED
Units: kg CO2e

CO2 Use Phase PRIVATE = INTEG (CO2 rate for detergent use+CO2 rate for energy supply,0)
Units: kg CO2e

CO2 Use Phase SHARED = INTEG (CO2 rate for detergent use SHARED+CO2 rate for energy supply
SHARED,0)
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Units: kg CO2e

Electricity Carbon Intensity = 0.51542*EXP(-0.018*(Time/TIME STEP-1990))

Units: kg CO2e/kWh

EU: 0.51542*EXP(-0.018*(Time/TIME STEP-1990)) => extrapolated trend from source: (EEA, 2019)
SWE: 0.047 (assumed constant) (Moro & Lonza, 2018)

electricity usage production PRIVATE = 382
Units: kWh/washing machine

electricity usage production SHARED = 1372
Units: kWh/washing machine

recycling saving factor electricity = 24.2

Units: kWh/washing machine
source: (Boyano et al., 2017)
recycling saving factor material = 21.5

Units: kg CO2e/washing machine
source: (Boyano et al., 2017)

source: (Boyano et al., 2017)

source: (Boyano et al., 2017)

relative use phase emissions = (CO2 Use Phase PRIVATE+CO2 Use Phase SHARED)/Total CO2

emissions
WM collection rate = 0.41
Units: dmnl

EU:0.41
SWE: 0.55
source: (Eurostat, 2019b)
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A6 Emissions model: stock-flow diagram
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Appendix B: Washing machine ownership calculation for the entire EU

EU country Ownership* [%] Population [million] Populaton x Ownership [million]
Austria 0.95 8.9 8.455
Belgium 0.95 11.5 10.925
Bulgaria 0.44 7 3.08
Croatia 0.65 4.1 2.665
Cyprus 0.95 0.9 0.855
Czech Republic 0.6 10.6 6.36
Denmark 0.79 5.8 4.582
Estonia 0.78 1.3 1.014
Finland 0.89 5.5 4.895
France 0.97 67.3 65.281
Greece 0.95 10.8 10.26
Germany 0.95 82.9 78.755
Hungary 0.7 9.8 6.86
Ireland 0.95 4.9 4.655
Italy 0.95 60.4 57.38
Latvia 0.65 1.9 1.235
Lithuania 0.82 2.8 2.296
Luxembourg 0.95 0.6 0.57
Malta 0.82 0.5 0.41
Netherlands 0.98 17.3 16.954
Norway 0.82 5.3 4.346
Poland 0.76 38.4 29.184
Portugal 0.85 10.3 8.755
Romania 0.51 19.5 9.945
Slovakia 0.6 5.5 3.3
Slovenia 0.98 2.1 2.058
Spain 0.95 46.7 44.365
Sweden 0.83 10.2 8.466
UK 0.93 66 61.38
total EU population 518.8
"owning" population" 459.286

"owning" population / total EU population = EU ownership rate

0.885285274

* Data from: Pakula, C., & Stamminger, R. (2010). Electricity and water consumption for laundry washing by washing machine worldwide.
Energy Efficiency, 3(4), 365-382. d0i:10.1007/s12053-009-9072-8

EU: Population living in flats*: ~42%
population living in houses: 58%

We assume all households living in houses
own their washing machine.

If 89% of the households in the EU (own
calculations) own their WMs, this means that
58% are in houses and 31% are in flats.

1f 36% of the owned WMs are in flats, and if
42% of the households live in flats, then
31%/42%=73.8% of flat households own a
WM in the EU, whereas the rest (26.2%) is
sharing.

Dwelling type

= house

= flats

Total WM WM ownership
of flats

ownership

= Owners

owners

= sharers

28



	Försättsblad
	what_if_everyone_becomes_a_sharer_public_version



