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ABSTRACT
The digital world can be part of the solution to the coexistence
of people and the planet, with large efficiencies through digital
solutions, but it is part of the problem too as it requires vast natural
resources for digital devices for participation in it. The challenge
is satisfying the need of digital devices for all humans, specially
those underserved, while preserving the planetary limits. We have
implemented and optimised a circular economy ecosystem that,
through donation, refurbishment and traceability, delivers locally
reused digital devices at a fair economic and environmental cost
to citizens in need, providing satisfactory computing services that
really substitutes and reduces the demand to manufacture new de-
vices, that instead must be more durable. After 10,000 computers
processed, and a thousand devices successfully refurbished and
traced by local social enterprises and used by citizens in the city of
Barcelona as a common good, we present an analysis of the achieve-
ments, limitations and conditions; a model already replicated in
other areas. It is not only feasible, but we also explore its scalability,
and sustainability in economic, social and environmental terms.
We have identified critical success factors such as the role of local
public or private device donors, social support organisations, and
ecosystem facilitators to intermediate across all actors involved.

CCS CONCEPTS
• Human-centered computing → Social content sharing; •
Networks → Location based services; • Hardware → Impact on
the environment; • Social and professional topics → Govern-
mental regulations.
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1 INTRODUCTION
Participation in the digital world requires digital devices and the
Internet, and that makes it part of our planetary problem. However,
if the digital world could serve to satisfy the needs of all humans,
specially those penalised from inequality, while preserving the plan-
etary limits, it could be part of the solution too. Access to digital
devices for all is about overcoming the availability and economic
barrier of affordable prices for otherwise excluded citizens, concili-
ating planetary limits with human needs based on a dignified, just
and sustainable lifestyle [1].

The situation of vulnerable population and the COVID-19 pan-
demic has raised awareness of an acute situation. Digital inequality
is widening an education divide during confinement and home-
schooling, so governments had to improvise solutions given their
role as guarantors of universal education (SDG 4). There are dif-
ferent ways to supply devices for those who lack one: i) the mass
purchase of newly manufactured devices, or ii) the reuse of already
built devices1. While the first linear economy strategy has proved
to be non-resilient facing the demand peaks that have resulted in
rupture of stocks and large delays in the distribution, the second
strategy is part of the circular economy, where devices are donated,
collected locally, traced and refurbished for maximal lifespan ensur-
ing final recycling (environmental limit), contributing to the social
inclusion of those who process and use these devices: affordable
devices as a commons under shared property [5].

The research method combined participatory action research [6],
more specifically network action research [7], with iterative experi-
mentally driven research [8]. After several years of implementation
and beyond 10,000 computers processed by 15 active social organi-
sations mainly, the experience has replicated in several cities [10]
We focus in our results on the 1,079 devices managed as a commons
in Barcelona. The main contribution of this paper is an analysis of
our experience of a circular economy of digital devices, from the

1Corporate social responsibility of companies, volunteer-based initiatives to donate
personal devices, public donors such as in Barcelona, Amsterdam, combined with NGO
and social enterprises such as ComputerAid or eReuse [2]
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theory and initial knowledge showing feasibility, to the experience
and evidence acquired from the expansion, consolidation and repli-
cation of the model, including the lessons learned from the COVID
pandemic. We discuss the alignment of social, environmental and
economic impacts, as refurbishing a device may not be economi-
cally profitable and may not replace demand for new devices even
if it has reusability potential.

The rest of the paper is organised as follows. In Section 2 we
introduce the role of the circular economy of digital devices in the
context of sustainability and the social and environmental limits to
address. Section 3 describes the eReuse model in its current terms.
Section 4 presents the results achieved by eReuse in the recent
years of expansion, consolidation and replication. We discuss the
results and lessons learned in Section 5. Related work is discussed
in Section 6, with concluding remarks and future work in Section 7.

2 THE CIRCULAR ECONOMY OF DIGITAL
DEVICES

Sustainable development is about meeting “the needs of the present
without compromising the ability of future generations to meet
their own needs” (the Brundtland Commission Report, 1987 [11]),
supporting economic development while simultaneously sustaining
the ability of natural systems to provide the natural resources and
ecosystem services on which the economy and society depend. [4].
But let’s not confuse development with growth: growth relates
to environmental degradation or “tragedy of the commons” [12],
while equilibrium relates to sustainability as reported in the Club
of Rome report “Limits to growth” in 1972 [13] and the “Our com-
mon Future” report from UN In 1987 [11]. The sustainability of
human development and progress is dependent on reconnection to
the capacity of the biosphere and essential ecosystem services [3].
Sustainable development can be thought of in terms of three pillars:
economic, environmental and social.

Circularity, “designing out waste and pollution, keeping prod-
ucts and materials in use, and regenerating natural systems”, [14]
is a key way to implement sustainable development. In more detail
it is usually defined in terms of the 3R: reducing materials and
waste, reusing products, and recycling materials, enabling products
and services to be in closed loops or cycles ideally indefinitely. An
outcomes-based definition: “the circular economy is a new eco-
nomic model for addressing human needs and fairly distributing
resources without undermining the functioning of the biosphere or
crossing any planetary boundaries” [15].

The Intergovernmental Panel on Climate Change (IPCC) Special
Report [16] has defined targets to comply with the 1.5°C objective
in climate change. To meet this goal, the IPCC said we must cut
emissions to net-zero by 2050. If we focus on digital devices and
the ICT world, currently, more than 6 billion new ICT goods are
sold annually worldwide. There are estimates of 1.5 billion smart-
phones [17]. We must be in a desperate race to decarbonise our
planet to tackle the environmental crisis. According to ITU-T [18]
we need to reduce the environmental footprint of the ICT indus-
try by 2030 to half the footprint in 2015. Fellner et al. [19] studied
scenarios of only recycling without reuse and estimated that our
CO2 footprint is reduced by just 1.6%. In addition to this clearly
inadequate figure, in 2019, and based on the current documentation

collection, recycling only recovered 10 billion of the value of the
raw materials contained in the e-waste generated globally: $57 USD
billion [20]. This figure, is, among other things, higher than the
2020 GDP of Lithuania.

Among the raw materials from e-waste, iron, copper and gold
were the most valuable materials. Serious social and environmental
impacts have been reported in the production and extraction of
gold, for example, [21] and other rare materials, like the tantalum
necessary to obtain coltan for mobiles. The violations of workers’
rights during the manufacturing chain are also well known.

In the context of digital devices, circularity aims at achieving
the best use of these devices by extending their lifespan, that helps
in decarbonising the environment. Moreover, circularity also can
help reduce social inequality by delivering computing devices and
creating jobs to a large portion of the population that is not among
those who have disposable income to buy the most trendy digital
device in the global market and brands. Even if we can afford it, it
is not affordable to our natural environment, society, and economy.

Figure 1: The flows in the life cycle of ICT goods.

The representation in Figure 1, from [22], makes an important
distinction for ICT goods between the end of life for a usage cycle,
that can end with recycling, landfill or return to use through refur-
bish/reuse, and the end of the last life cycle, which goes again to
recycling or a landfill.

3 THE EREUSE MODEL
No longer used digital devices (computers, tablets, mobiles) are a
resource for local social inclusion and participation. Our vision is
that public and private organisations act for the common good for
a better, more inclusive and environmentally friendly internet, by
donating their disposed devices to social enterprises that repair,
refurbish and traced them, distributed to citizens that need devices
to participate over the Internet in education and socio-economic
activities in their communities. This second-hand market creates
social inclusion jobs and plenty of devices at the fair cost of re-
furbishment. Also feeds a circular economy that improves local
socio-economic and environmental conditions.
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The challenge is the collection and refurbishment for the reuse
of traced computers and mobiles for maximal lifespan ensuring
final recycling. Digital devices that end a first usage phase from
individuals and public or private organisations can have a second
life instead of being dumped or shredded. Refurbishers and repair-
ers, either individually or usually as part of social enterprises, can
prepare these devices for a new use (reuse) and offer them to users
at a cost of the refurbishment process, that creates an inclusive
offer for low cost but useful devices.

For that, there is a need to bootstrapping collaborative local
circular economy ecosystems across all stakeholders in the ICT
reuse and recycling. eReuse has developed forums to coordinate
different stakeholders in localities that can exchange complemen-
tary resources, skills, to balance supply and demand, share costs
and help each other: device donors, refurbishers, citizen support
organizations, recyclers to work together as part of a common-pool
resource system of second-hand digital devices in extended use [23].
We call them “local circuits”.

The beneficiaries of our activities are citizens interested in 2nd
hand computers, citizens in municipal social support programs,
schools, public facilities and families supported by neighborhood
social support organizations.

To be circular, devices require to really substitute the demand
for newly manufactured devices and ways to trace, certify and
measure circularity (chain of custody) of products, members and
platforms, to ensure we can measure the best social, economic, and
environmental impacts.

This coordination and measurement requires the development
of open-source resources to support electronics reuse. This is the
case for software tools2 [2] to quickly and easily extract details,
diagnostics and automation of inventory, triage and preparation of
second hand devices, generation of QR codes to stick on devices
for traceability, as well as data formats and tools to collect and
store data about the lifespan of each device, and compute open data
about impacts and reports.

eReuse started in 2013, with an important milestone in 2015 with
the launch of a computer donation campaign. eReuse has more
than 10,000 computers processed with the eReuse software tools.
We have about 15 active social organisations, and we have local
“eReuse circuits” in Barcelona and Madrid.

In a typical circuit, a donor organisation (a public or private)
donates decommissioned devices, that are collected by a social
enterprise that brings these computers in pallets to a refurbishment
facility operated by a social enterprise or a reuse centre. There
the devices are put in a rack and are inspected, data wiped, tested
and reinstalled with (usually) a Linux distribution, in parallel with
eReuse software tools. Those that do not pass the test are put in
a cage for recycling and recorded in our system as prepared for
recycling. Those that pass the test are cleaned, checked in more
detail and sometimes upgraded (battery, RAM, storage), labelled
and stored for sale or donation (cost sponsored by a third party,
although it is recommended that the final beneficiary contributes
something as a commitment). Individuals but usually social support
or public organisations acquire these devices which are brought
to end users with the commitment to return these devices to the

2 https://www.eReuse.org/software/ https://github.com/eReuse

intermediary organisation after usage, for another refurbishment
or final recycling. The eReuse software records all these transfers
and can generate a complete provenance log for each device about
its lifespan, without revealing any personal details about the users.

We have developed agreements with public and private device
donors, social organisations working with end-users, social enter-
prises in social inclusion programs working with refurbishment
and recycling. These agreements allow us for data collection about
devices (chain of custody), data aggregation and analysis of social
(usefulness of computing hours enabled) and environmental impact
(CO2e savings).

We have developed a servitised business model where users pay
for computing as a service, for instance the number of operational
computers in a school classroom, and actors of the circuit ensure
a performance maintenance, upgrades and replace to ensure the
service contract for a given amount in exchange of a monthly
or yearly fee. This ensures they have the computing they need
but ownership remains in the circuit, that ensures they perform
well until they cannot satisfy anyone and are finally recycled and
some parts reused. These recyclers are specialised in e-waste, and
can be either public, commercial or social enterprises dedicated to
this process. They can participate in the eReuse data by recording
the devices they receive by scanning any QR codes in the devices
received.

eReuse delivers training of actors about different aspects of
device refurbishment as well as dissemination activities to raise
awareness about environmental issues in ICT. Overall that gen-
erates datasets about impacts about the durability of devices we
process [24]. All combined results in key activities and actors that
improve the longevity of devices with the opportunity of new reuse
cycles for the benefit of helping more people with devices and
mitigate the impact of ICT in the planet.

4 RESULTS
We have produced an open dataset [24] about devices and parts,
with over 10,000 computers by the end of 2020. These correspond
to diverse initiatives. We have limited the study to only 15 resellers
with operations in Spain that have accepted the eReuse device data
commons license [25]. We focus our analysis on the cases of the
Barcelona metropolitan area and Madrid, that we have been more
involved and have studied in detail.

In Barcelona, we have 1,079 devices in shared property, as a
device commons, with more under individual property regimes.
The devices have been donated by 45 different donors and received
by about 84 entities such as schools, public facilities, NGOs, and
final beneficiaries. Refurbished devices are prepared by workers
of six social enterprises or reuse centres, associated to Barcelona’s
circuit, and sometimes by individual volunteers or students doing
service learning. Devices have a (refurbishment) cost that is paid
by sponsors or receivers to refurbishers (as processing cost, since
devices come from donation), in the range of 40-140 € each.

In 2018, the eReuse circuit model, as well as the use of its software
tools, was replicated in Madrid by Asociación cultural La Kalle-
ReutilizaK, a historical entity in the neighbourhood of Vallecas that,
among others, seeks the social and labour inclusion of young people
in vulnerability through the promotion of the reuse of electronic

https://www.eReuse.org/software/
https://github.com/eReuse
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devices. It promoted an ecosystem together with two more entities
(Vortex and RecuMadrid) which he called Sempiterna circuit. Since
they started, they have reused and traced a total of 950 devices
donated by 14 companies and given to 23 intermediary entities
(NGOs and schools).

The main overall impact and outcomes are:
• Reduction of environmental impact of ICT, with CO2 equiv-
alent impact estimates.

• Universalisation of access to computer devices, from the
opportunity of using these low cost second-hand computers,
measuring additional computing hours provided.

• Creation of jobs in computer refurbishment, linked to device
collection and refurbishment.

• Reduction of ICT e-waste, and environmental impact of ICT,
with more durable devices through reuse.

• Development of software tools for more efficient (time, qual-
ity) processing of ICT devices, which implies less refurbish-
ment time per device, that results in lower processing cost
and higher efficiency and salary for refurbishers.

• Collection of reliable open data to promote circularity (chain
of custody), promote good behaviours, quantify and certify
impacts. For instancewith durability statistics about different
models and brands that can assist purchase decisions and
request more durable designs.

The following Section presents and discusses key lessons learned
supported by detailed results from the shared experience of most
eReuse participants.

5 DISCUSSION AND LESSONS LEARNT
Through the analysis of several cases with running business models
as part of the eReuse model, we highlight four crucial challenges
that need to be considered for this or other models to be successful.
We have identified key elements for each challenge, crucial to ensure
the system succeeds or fails in terms of economic sustainability
(income and contribution), balance (across devices’ supply and
demand), ensure suitability and quality at affordable price to meet
users’ needs and appropriation by end users, and ability to scale
to the target demand. We discuss the lessons learned, supporting
details about results from our experience, and any deviations from
initial expectations.

5.1 Who bears the cost of putting reused
devices into circulation?

The circular economymust pay the bills. Therefore, it requires
anyone willing or in need for a reused device and anyone willing
to pay for the necessary costs to deliver it. The limitation of our
model is that, in most cases, the population in need is not able to
pay. Having a business model with only this last target audience is
hardly sustainable and it’s not long time viable.

One way is to expand the market, breaking the paradigm of
reuse and poverty. It should be done without losing the principles
of eReuse, not forgetting that there are many final users that are not
able to pay.Ways to achieve this rely on pricing devices according to
use value: for the same refurbishment cost of a donated device, users
may be willing to pay more for a device with better performance.
That economic margin over the refurbishment cost can compensate

the cost for other devices. Other ways are working with sponsors
that cover the cost of another user, coming from private citizens,
corporate social responsibility actions, or a step beyond public
services.
Supporting results:

Billing in revenues, only from the activity associated to direct
computer sales: donalo.org, 15,000-18,000 €/year; LaKalle-ReutilizaK,
20,000 €/year. Both experiences shows that short-term and long-
term economic sustainability is conditioned by subsidies or financial
support from private entities, unless structured responsible public
procurement or tenders are involved.

Accountability and impacts: collecting details about devices
across their lifespan brings accountability, allowing to determine
the different impacts and show the positive externalities of reuse
(such as environmental savings, social inclusion, local jobs cre-
ated). Moreover, tracing computers with eReuse software allows
to make the reverse supply chain transparent to all stakeholders
in the ecosystem. These actions can attract additional economic
contributions from public or private organisations to help projects
to be more sustainable.
Supporting results:

The Barcelona City Council has a computer park of around 12,000
computers that use quite efficiently, including internal recirculation,
as we discuss later. The institution is acquiring i5, 8th, 9th genera-
tion processors, 256 8GB RAM and always waits for the items to
be amortised before decommission. With a current internal life of
eight-nine years, the optimum for it would be six. Since 2016, the
city council is member of Electronic Watch, an entity which help
public sector organisations work together, and collaborate with
civil society monitors in production regions, to protect the rights
of workers in their electronics supply chain.

In November 2016, with the aim of promoting the circular econ-
omy, Barcelona Activa signed an agreement with eReuse as a pilot.
This was an example of value creation for other public/private
sectors to follow. After the Barcelona Activa agreement, many
donations from the public sector were made: Barcelona Regional,
Barcelona Ecologia Urbana, Catalonia Waste Agency, Bibliotecas
de Barcelona (Diputació de Barcelona). The example set by the
eight public administration was followed by 37 companies. All of
them were motivated by two key clauses: i) the role of an umbrella
organisation (pangea.org) as a coordinating entity that, in turn,
redistributes the donated computers fairly among the reuse centres
in the territory. This mechanism saves public donors from being
required to launch tenders and administrative procurement pro-
cesses, and ii) traceability of the reverse chain of reuse and final
recycling in order to assess the impacts of donations.

Dumping, pricing and compensations. Initiatives sponsored
by public entities or volunteer-driven tend to offer devices at no
acquisition cost. This creates a dumping situation in comparison
to social enterprises with employees preparing refurbished devices
professionally that need to cover their professional costs. One way
out is to reach agreements with these initiatives to segment the pub-
lic that can pay from those that cannot really pay. Another way is,
when the target audience is the same, to raise funds to complement
voluntary work with paid refurbished devices prepared by social
enterprises. Moreover, when the general population are the bene-
ficiaries (end users), the pricing strategy for devices prepared for
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reuse by social enterprises coming from donation does not have to
undercut (dumping) the existing second-hand sector market prices.
This allows to generate an economic margin and more inclusion
jobs.
Supporting results:

In our initiatives, we have found that the average sale price per
refurbished device prepared by social enterprises, results around
40-140 € (depending on use value and refurbishment effort involved)
for vulnerable people. As said before, the cost is either supported
by the end user or a third party. eReuse has device distribution
channels to users, such as circula.cat, donalo.org, which, coinciding
with computer donation campaigns by volunteer organisations,
noticed a significant drop in sales. This is the result of entities
interested in acquiring these devices that had placed an order with
one of these channels and cancelled them when they were able to
acquire computers at zero prices.

Our algorithm to estimate price results in excessive imbalance
between devices’ use of value and what is offered by second hand
market prices of other commercial companies already operating
in the market. For instance, we sold at 135 € Toshiba Tecra R950
laptop, i5, 4GB, while in a second-hand portal (Backmarket) it was
priced at 412 €. In contrast, our price of a Core2Duo, for example,
around 40 €, is closer to that of the second-hand market. This makes
it difficult or harmful to operate with these highly coveted pieces.

Public procurement of circular devices, or policies to favour
that among private organisations and individuals, are not systema-
tised enough. The public sector should have a better understanding
to be coherent and take a role not only in the donation, but more
importantly on being part of the demand for the computers once
refurbished. For instance, after a two-year project trying to pro-
vide second hand computers to public schools, and although it is
technically feasible, the immense administrative and bureaucratic
hurdles involved (contracting barriers) make it almost impossible.
To achieve this, it is necessary to evolve the proposal together with
the Department of Digital Policies and Public Administration to
assess the possibility of fitting into the public supply channels.

This is precisely one of the main conclusions of the analysis of
business models in the reuse sector in Catalonia prepared by the
Waste Agency of Catalonia within the framework of the European
project Subtract (Interreg): “apparently, the most economically viable
business models are those developed by larger entities that have di-
versified their activity, and that within this activity there are services
developed for the public administration (waste management, collec-
tion services). On the other hand, there are those smaller entities that
basically deal with donations and in some cases with some services
such as the cleaning of premises, but without working for the public
administration business models differ according to the degree of public
intervention. It is desirable to make them as independent as possi-
ble from the public administration, thus reducing the dependence on
public funding and increasing other sources of private funding, so it
would be necessary to find formulas that allow the conversion of these
initiatives with greater public intervention into private initiatives".
Supporting results:

The analysis of the pool of 1,079 computers under common
management shows that 24% of the devices were acquired under
the umbrella of public purchase of reused devices (devices paid for
by social services, schools or other public institutions), including

two experiences under servitisation, compared to 76% acquired by
the private sector.

Another result that supports this conclusion is that, in spite of
computer classrooms with second hand devices running around
the world, many barriers have been detected to make it possible in
Catalonia. As a result of a two year project carried out under a sub-
sidy of the Catalan Waste Agency, only a few schools (five) adopted
a semi servitised model at a fair and sustainable price. This was
due to i) The acquisition of computers works in a cyclical way and
under the umbrella of the centralised purchase of the Generalitat
of Catalunya; therefore, it is necessary to have a system compatible
with the public purchase system, centralised in the Department of
Education. ii) It is necessary to adapt/align eReuse solution with
public network (WiFi communication protocols, configuration of
switches, prioritisation of services in communications, configura-
tion of filtering and security probes of the corporate network...),
iii) The CTTI did not provide maintenance service for the reused
devices, since the contracting was not done directly with this depart-
ment, which generated problems about who is going to maintain
computers.

5.2 Do circular devices really replace the
purchase of a first-hand one?

Demand substitution is an important concept in the circular econ-
omy. It happens only when a second hand computer device satisfies
the demand and therefore perfectly replaces a new device. In other
words, it provides the same utility to the beneficiary, and there-
fore that reduces the demand to manufacture more new devices. It
has been accounted [26] that promoting re-use “against recycling
(and consequently the need for manufacturing a new device from
raw materials) may reduce environmental costs by 45.20 € per PC.
"Those social benefits are mainly generated in the re-use prepara-
tion process and distribution activities, whereas the re-use scenario
displays a worse performance in energy consumption. The differ-
ence in the distribution stage during the second life cycle originates
from the fact that the ready to re-use product is produced locally,
while the brand-new product is manufactured and distributed from
abroad, mainly Asia.” Other studies such as [27] show that devices
with computational power “similar to that of first-hand consump-
tion”, result in an extension of 2-3 years of life with reuse, with
an environmental impact between 39% to 50% compared to the
purchase of a new device.

In relation to this concept of substitutability, it is worth mention-
ing that the success factors in electronic reuse are related, among
others, to the durability of the device, the limits of absolute obso-
lescence; that is, by the so-called designed lifetime; the ability of
a product to remain functional when faced with the challenges of
normal service life operation [28]. They are also conditioned by the
so-called actual lifetime, the time from the moment a product is
sold until it is discarded or replaced [29]. This term is conditioned,
above all, by user behaviour: in how they use, maintain and repair
it; in cultural and social influences; and in the norms and values
they receive [30].

This broader approach is what is called product longevity. These
influences, norms, discursive formations that influence the user
lead in some cases to products being discarded as a consequence
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of relative obsolescence, or for preventable or avoidable causes,
before the product itself reaches its designed life or absolute ob-
solescence [31]. In fact, the so-called warm distribution, through
intermediaries who are in contact with the target audience and their
digital needs, is a key factor in other schemes, such as that of the
Amsterdam City Council [32], which refurbished 3,500 laptops to
address the lack of infrastructure for vulnerable populations during
COVID through an ecosystem composed by 68 organisations.

In order to highlight the importance of the concept of longevity
and final support to the end user in order to achieve it, we rely on the
fact that the implementation of information and communications
technology (ICTs) in a territory is based on three fundamental pil-
lars: infrastructure, training in the use, and proximity of technology
and the services associated with it. These three pillars are comple-
mentary, and the poor implementation of any of them means not
being able to take advantage of the possibilities offered by digital
technology [33].
Supporting results:

All of these considerations are relevant if we consider that some
computers with low use value were discarded by end users. We
have identified several main causes: mismatch between real usage
needs and initial plans, expectation for Windows or certain applica-
tions (MS Office) while receiving computers with Linux, computers
overloaded when reinstalled with Windows (Windows 10 in our
recent cases), lack of substantive competencies with Linux.

These mismatches mainly caused frustration, confusion and
micro-anxiety [34] crises among users blocking them to get work
done. This article has other similar human-centred observations.
Martin Heidegger writes about present-at-hand tools in contrast to
ready-at-hand tools: “The ready-at-hand tool works smoothly and
supports the user’s project — the user is practically unaware of the
tool. The present-at-hand tool fails in some way, causing the user to
shift attention away from their project".

Dismissal due to avoidable or preventable causes, which also
cause frustration, could be a rebound effect of our model, that
prevented future purchase of any reused computer. This is critical
as no social impact, results in no environmental impact and no
sustainable economic impact.

The presence of training in digitisation, from a critical perspec-
tive, and based in our experience, is essential for technological
appropriation, an important concept that helps to prevent the dis-
card of the device for preventable causes. We think the concept is
connected to impact generation while preventing rebound effects.
In our experience in Barcelona, a total of 84 intermediary entities
(NGOs, schools, public institutions) have interceded between the
reuse centres and the final beneficiary. Many intermediary entities,
especially NGOs and social and solidarity entities, have understood
the model and have appropriated it. This is the case of entities such
as Sant Joan de Déu-Lleida, which since 2018 has acquired 53 de-
vices to equip training rooms and apartments for young migrants,
over 18 years of age, to help them to have a career opportunity in
employment areas such as mechanics, carpentry and agriculture.
Another example is the Punt de Referència NGO, with a similar
objective, that purchased 28 devices. In both cases, the aim was
enabling final beneficiaries with access to digital tools.

On the other hand, other entities did not find the model to meet
their needs, especially with lower-value-of-use devices. As an ex-
ample, an entity acquired 24 items (18 towers and 6 computer
monitors). In a first purchase, they acquired 6 i3 towers (medium
usage value) and 6 displays for 697 €; and in a second purchase, 12
towers with low usage value for 435 €. When asked two years later,
the entity reported that the towers from the second acquisition had
been recycled “because they did not support the operating system"
(they tried to replace the installed light Linux by Windows). This
entity did not make any further acquisition in the following years.

In fact, we have reported that several successful reuse/social
experiences are strongly associated with roles of final user support,
such as the acquisition by the Social Services of Barcelona of 22
devices to equip a school reinforcement room during the partial
opening of the restrictions by COVID-19 (with final support user
from the Pare Manel Foundation), and the public purchase of 34
pieces of equipment for a school in Can Maiol, which then had the
final user support of Lleialtat Santsenca. A last interesting case is
that of the contracting by the District of Les Corts of the refurbish-
ing service of their decommissioned equipment to Solidança for its
intern reuse in a neighbourhood facility.

Servitisation. Users might prefer a holistic computing solution
offering a number of computing seats instead of the ownership of
certain devices [35]. This is the case of public computing facilities,
computing classrooms for schools, equipped with a number of com-
puter devices and internet with agreed characteristics maintained
by a third party under a service-level agreement.

We have done a pilot and other experiences are promising but
the model is not yet mature and needs to be replicated, even the
convenience of enabling shared computer classrooms with internet
and devices (in a post-COVID19 scenario) in order to rationalise
and share resources.
Supporting results:

During 2018, donalo.org developed a pilot project of servitisation
with Barcelona Activa, an institution that opted for the responsible
public procurement of second-hand devices to equip two public
facilities in two vulnerable neighbourhoods in Barcelona (Torre
Baró and La Bordeta). The service is associated with the setup
and maintenance of the infrastructure, and with the rental, not the
acquisition, of equipment. Despite the initial reluctance to use Linux
or the administrative and legal affairs, the pilot is still working,
even devices of low value. Maintenance service and support are
key to extending the useful life of the devices. This is an interesting
scenario, which has more roles in the ecosystem to ensure the
maximum lifetime and also has the highest cost/benefit ratio.

Professionalisation and inter-cooperation across social ac-
tors (ecosystems) help to improve the ability to supply the demand
when it appears. This was the case on the peak demand during the
initial months of the COVID-19 pandemic.
Supporting results:

On May 15, 2020, when the Spanish State declared the first state
of alarm, 15% in Catalonia of households did not have any type
of computer at home (tables, laptop or tower) [36]. The old and
unresolved trauma of digital inequality woke up. Since the outbreak
of the coronavirus, the role of the state as guarantor of universal

donalo.org
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education (SGD4) captured the public’s attention when digital in-
equality became blatant educational inequality. [37] warned that
the rate of out-of-school rate rose to its 1985 levels.

In order to alleviate the need for infrastructure for around 300,000
families with children in homeschooling, and following the needs
assessment for certain academic years carried out together with the
schools’ directors, the Generalitat of Catalunya, resorted to the old
and well-known linear economy. According to [38], on august 28 a
service contract valued at 82 million € (before VAT) was adjudicated
to two big companies as a result of an urgent procedure to provide
224,225 laptops and associated services. Furthermore, there are
30,000 additional devices to be ordered by the Spanish Ministry
of Education and Red.es, as well as the funds to be transferred
to state-subsidised schools to purchase additional 30,000 devices.
In any case, the acquisition was insufficient to cover the 300,000
devices announced and for the needs of the rest of the population
also affected by digital inequality (the elderly, people in assisted
living facilities, vocational students, migrants, etc.).

However, the solution that, a priori, seemed easy, was not. On
January 18, 2021, eight months after the declaration of the state of
alarm, only 5% of computers awarded had arrived. The Generalitat
of Catalunya alleged there was a problem of lack of devices and
components to manufacture them in the international market and
that is why the concessionary companies have not complied with
the delivery terms established in the contracts [39]. This evidenced
lack of resilience of the linear economy led civil society to take
action. Several initiatives driven by civil society or by companies
and institutions were organised in Spain to alleviate the lack of
access to computer devices then (COVID-Warriors, Labdoo, Madrid
futuro). Likewise, multiple initiatives were launched by companies
(Corporate Responsibility). For most of them, there is hardly any
literature on their social and environmental impact.

Perhaps, it would have been possible to meet unmet demandwith
financial public support for the 1,083 tower PC (mostly Core2Duo)
that the circuit in Barcelona had at that time. It was an insufficient
number to reach the 300,000 laptops/towers officially needed, but
it is a decentralised and local option solution that can provide,
not only local needs infrastructure, but also support reuse centres
which, like many others, saw their already uncertain economic
situation worsen during COVID-19.

During the months following home confinement, except July
and August, the months of semi-relaxation of the State of Alarm
in Spain, eReuse software tools and services recorded a significant
increase in devices traced and subsequently recirculated, and 544
under a common license by the Barcelona circuit; used for this
COVID-19 context reflection as show in Figure 2.

At least, 210 final beneficiaries received a device, which circula-
tion cost was paid for by third parties (UPC Centre for Development
Cooperation and Catalan Waste Agency): The other 334 devices
went to 6 schools and centres for direct distribution to families or
facilities. The average price of the tower and monitor was 40 € (not
including WiFi adapter costs and VAT), a much lower price than
the price paid for the public purse, from 285 to 385 € per device
and associated services, an interval that depends on the operating
system (Linkat, Chromebook, Windows 10 or Dual).

As mentioned in section 5.1, the Catalonian Waste Agency fol-
lowed Barcelona City Council experience to take advantage of the

Figure 2: Evolution of devices registered in 2020.

ecosystem and umbrella of the Barcelona circuit in order to fairly
distribute its decommissioned computers among the entities of the
territory. In this case, Andròmines received the donation and, in
the midst of the first wave of the Spanish pandemic, managed to
process 169 computers and reuse the 89,3% of this among 31 fami-
lies (1,425 minors and 1,465 young people as indirect beneficiaries).
According to to the Andròmines impact report, 24,336 kilos of CO2
could be generated if disposables are reused effectively.

For all these related operations, and due to the chaotic situation
caused by COVID-19, inter-cooperation between entities was key.
To resolve the avalanche of requests, it required a great deal of
logistic coordination between six reuse centres in Catalonia, at
least 19 intermediates (NGOs, municipalities, schools and public
libraries); and the contribution from a recycling company, a large
cooperative (Abacus), logistical and transportation hold up (Banc
dels Aliments), a final beneficiary support for some cases (Lleieltat
Santenca and Can Mayol; Pare Manel foundation and Roquetes
library) and maintenance (for two servitised pilots in Torre Baró
and La Bordeta).

5.3 Which is the balance between reuse and
recycling?

Decommissioned devices can either be prepared for reuse or
should be recycled. Both have different costs and implications,
and choices are key to raise an operational economic margin to
optimise the cost-benefit ratio, and reaching a threshold in the vol-
ume of operations is also critical for economic feasibility. Although
a computer may have a potential for reuse, it is not always possible
to find a suitable audience.

Toomany devices will kill you! Refurbished devices with low
use value in the warehouse without demand represents a sunk cost
from preparation and a storage cost with no income. From this
experience, we have come with several solutions: i) bulk offers
for stock clearance (for instance, computers without the operating
system installed at 20 €) are more preferable than having batches of
refurbished computers gathering dust taking space in distribution
warehouses, that imply sunken costs of preparation and storage,
ii) look for other destinations: other students transfer them to an-
other organisation with demand (inter-cooperation). In case of free
donation to entities operating for the South, keep in mind the sup-
pliers and local reuse initiatives in order to avoid dumping. It is
always preferable to source from local initiatives, iii) Recycling



Limits ’21, June, 2021, online Roura and Franquesa, et al.

when nothing else can be done to save storage cost, and the loss of
value and usefulness over time. 4) initial storage and delayed triage
for preparation or recycling until there is demand.
Supporting results:

The devices donated by public administrations, and finally dis-
tributed, had an average of 17,049 use hours during their first life,
compared to an average of 12,770 use hours for the devices donated
by private companies. In addition, an analysis of the processors,
RAM and hard disk has showed that the devices donated by public
administrations had low usage value, compared to the devices do-
nated by the private sector, with medium and high usage values.
This gives an idea of the degree of efficient usage of electronic
devices in public institutions, as we mentioned in section 5.1.

The devices with medium to high usage value have a higher
demand, which sometimes cannot be satisfied; not the case for low
usage value devices. In the beginning of the implementation of
eReuse, several reuse centres federated to eReuse in Barcelona, suf-
fered space storage problems due to the accumulation of refurbished
devices, with the associated economic sustainability issues. For this
reason, the following should be considered: services for the collec-
tion, transport, recovery and destruction of its Waste Electrical and
Electronic Equipment (WEEE), according to the guidelines of the
Spanish Royal Decree 110/2015, to be compensated by recycling
companies for the WEEE. For instance, reuse centres in Catalonia
are paid for at 180 €/TN for complete computers, 800 €/TN for a
new generation motherboard and 250 €/TN for hard disks.

Reliance on device donations alone for economic sustain-
ability is hardly feasible and does not allow to balance supply and
demand. There is a need to combine donations (public or private)
with other sources of devices to be able to plan investments or
hiring of personnel. We have seen similar initiatives in Europe [40]
that sometimes rely on the purchase of decommissioned laptops to
meet demand, particularly during the pandemic.
Supporting results:

There was an initial tendency in eReuse circuits to accept devices
without having answered question 1 about concrete demand (in
particular, devices from public institutions, with more use hours
and lower use value). The consequence has been that the pool of
devices is not balanced, with too many computers with low demand
and few computers with too high demand to meet it with supply,
especially those with processors below i3 or desktops. We were
asked for laptops and computers with high usage value but in many
cases we only had Core2Duo desktops!

In donations of low use-value computers it is important to
value additional services such as data erasure services or others. It
is important to know how to say “no” when these conditions are
not met.
Supporting results:

Lack of awareness has been detected on the part of donors or
lack of clear lines between what it means to generate positive
externalities (jobs and computers at fair prices with the donation of
devices of medium/high use value) and what it means to generate
negative externalities (transportation, storage, data wipe, without
retribution or participation in the demand for donations of low
computational power material).

5.4 Scale, replication
Whenmoving from theory to practice, and evenmore to sus-
tainable practice, scale and replicability is key. Circuits work
as long as there are the minimum stakeholders (donors, refurbishers
and users) with a minimally stable demand and supply to ensure
efficient processing (ideally at industrial scale). The process must be
economically, socially and environmentally sustainable to persist
and satisfy all parts’ key roles, like maintainers and support for final
users, are needed to overcome the barriers related to the behaviour
of the final users and to ensure longevity and substitutability of
primary materials.

We are involved in different processes of trial and replication of
the model in other regions. There are local initiatives in Argentina,
Spain and several African countries that are in different stages of
this development process. Based on the replication experience in
Madrid, we can conclude that it is difficult to reach a feasibility
threshold with only a restricted target audience. To become a viable
option in the market, always under the principles of eReuse, adapt-
ability to the environmental conditions is a requirement [41] that
requires frequent and agile experimentation and self-evaluation,
to test and verify alternative models, failing and changing quickly.
In this sense, we try to receive experimental feedback to adapt the
software to the needs and practices, and not the other way around.

The level of funding required for the economic sustain-
ability of the refurbishment work and the sale of reused computers
is a limiting factor in replicating the process in other regions. It
requires a critical set of key complementary roles. After that initial
seed, there is need for initial training, development and certification
of good practices, coordination of the tasks and management of a
stable device demand and supply at prices adapted to the local econ-
omy Software tools and services have to be adopted, translated,
developed and maintained locally, to keep the scheme effective,
affordable, and accountable.

The trial and replication process starts with one local or-
ganisation close to the subject matter that understands the global
interest about the circular economy and sees a viable local need
for reused devices, the benefits for the local population as final
beneficiary users and as refurbishment jobs. They can start from a
one-time action to match the demand for computer devices with
a one-time donation from a local public or private organisation
or a campaign to collect computers from individual citizens. After
a successful volunteer-driven action to prepare and deliver these
computers to final beneficiaries, a group of local people and organ-
isations may see clearly the potential of bootstrapping a structured
process to promote regular donations, refurbishment and recycling,
and sale with local sponsors of these devices to beneficiaries.

Political commitment matters, as shown by direct collabora-
tion and involvement of the City Council of Barcelona. As a result,
it is important to align actions with public administrations, as a
necessary ingredient to define supportive policies, create subsidy
programs, and involve it in the support for the sustainability of the
projects. To avoid the parabola of the broken window fallacy, in
which society loses the value of uselessly destroyed objects, inter-
cooperation between ecosystem actors is needed, as we discuss in
subsection 5.2, but sometimes this is complex and can be a burden.
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The fact that all circuits operate under the umbrella of eReuse
helps to co-create and share tools, protocols, best practices, as
well as to have a common voice for awareness raising. One of the
most important challenges for the future is governance, that has
multiple challenges, such as more inclusion, participation of other
key stakeholders, better internal communication, consolidation of
protocols and other coordination mechanisms.
Supporting results:

There have been several cases of inter-cooperation between
federated entities in both circuits, Madrid and Barcelona. In Madrid
they refer donations to the Barcelona circuit, when these are offered
from Barcelona, and vice versa, which increases the supply. But
each circuit has its own peculiarities:

i) In Madrid they do not use the formula of commodatum (shared
pool, shared property) to formalise the sale of devices. That is why
agreements with donors and beneficiaries involve a lot of bureau-
cracy. It is necessary to translate them into practical situations.
They are useful at a conceptual level, but they have found it too
theoretical and not very functional. In practice it tends to be com-
plex to implement: not understood by donors and final users, as
shown by limited feedback or followup by users. In comparison, an
economic deposit as a guarantee appears to be a good simplifica-
tion, resulting in a minimum commitment on the part of the final
user who can get the money back if he is able to recycle the device
correctly and report or return it.

ii) Until recently, and despite several attempts, there has not been
political commitment to donate computers from the municipalities
or responsible public procurement. Nonetheless, in 2021 La Kalle-
ReutilizaK and Lyma, the municipal waste company of the Getafe
City Council (Madrid region), have signed an agreement to create
and coordinate a circuit for the reuse of electronic devices that
will be made available to the general public, NGO, schools and
institutions at fair prices. This circuit will be fed by devices valid for
reuse received at clean points in the municipality and by donations
from companies and individuals,

iii) The priority of Madrid circuit, and especially of La Kalle-
ReutilizaK, is social, so of the 950 devices, 300 were donated free of
charge to entities that proved don’t to have incoming generating
activities.

iv) They take advantage of the reuse process to train vulnerable
young people in the neighbourhood.

v) It is a circuit that supports end users, both in group and in-
dividual training, using channels such as Telegram and Jit.si. In
this regard, it emphasises the reinforcement of free software to
strengthen the digital competence of the beneficiaries in order to
develop their skills in a critical way and to achieve a technologi-
cal appropriation of the eReuse model. For that, they have set up
a classroom in a school centre with 65 low-value-of-use devices,
which, thanks to maintenance and incident support, are still in
operation. However, this is an isolated case since the schools work
with other companies (on an hourly basis), are not interested in
annual contracts and if they do occur, the budgets are very low.

The Madrid circuit is an example of how circular economy is
capable of creating resilient strategies with multiplier effects if artic-
ulated under a participatory and transparent logic among various
spheres. We understand multiplier effects in this context as the
capacity of the different economic and social actors involved in

ecosystems based on the circular economy of electronic devices to
educate in values and to explain to citizens the structural causes
of inequality, the environmental crisis and the consequences of
technological training in the development of creativity and digital
skills. Digital skills and digital understanding are two other aspects
of the multidimensional nature of the digital divide that often go
unnoticed in the limited budgets of public administrations with a
myriad of barriers that, in cases like Madrid, are solved by social
entities.

5.5 From the theory to the practice
When we look back to our initial work [2] and the Limits paper [25]
we do not find major differences. Our previous work built on pre-
vious practice, the service-learning experience of artisanal prepa-
ration of computers for reuse. One difference is that the strategy
to write a shared property agreement (commodatum) can generate
fear and costs for both the reseller and the buyer. In the B2B case
(from reseller to business) the signatory is afraid to do so, as they
sign on behalf of their organisation and if anything happens, they
are afraid to appear as the person in charge. To solve this, in public
procurement contracts, this is revised by lawyers, but this becomes
an extra cost for both parties, who may not have the time to study
these agreements.

To encourage the recipient to return the equipment for reuse
or recycling, it appears to be better to introduce an economic in-
centive (e.g. a deposit, something that works well in other sectors)
as a conditional reward, returned when the device is returned and
reported. However, this should be tested and confirmed.

To incentivise a reseller to report the traceability and impact of
the equipment, we are creating impact certificates to help refur-
bishers differentiate.

6 RELATEDWORK
Other authors have published on the barriers to electronic reuse.
For example, [42] points, among others, some barriers that we have
also developed in this article related to the consumer attitudes and
consumer perceptions about reliability and product lifetimes, which
translate into and inadequate demand for second-hand goods. They
also discuss about another important point regarding the excess
supply but lack of demand: “many people are willing to donate (for
reuse) but are reluctant to purchase." This work also notes that the
inter-connected relationship between this barrier, along with two
other (producer reluctance and unsuitable collection infrastructure)
influences the quality and quantity of items available for reuse and
impact on the market for used goods. For that, a holistic approach
is required, seeking to limit any unintended consequences at a
different point in a product’s life.

With regard to the latter issue, other authors have argued that
circular economy activities can increase overall production, which
can partially or fully offset their benefits [45]. Some of the mecha-
nisms that causes circular economy rebound are the limited ability
of secondary products to substitute for primary products and price
effects. On the first mechanism, [46] cautioned that convincing
consumers to extend product life spans can be difficult due to stig-
mas about owning outdated products and to that consumers may
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lack the care and attention required to maintain and repair prod-
ucts. To avoid circular economy rebound, the authors warn that
“strategies that market secondary goods as specialised products sold
either to niche markets or at vastly different price points are likely
to be ineffective at creating meaningful environmental benefit. In-
stead, companies must market secondary goods in the same way as
primary goods—using similar channels, touting similar benefits, and
reaching similar customers. This may include educating the public
to overcome stigmas or convincing buyers of the value proposition of
higher-quality, longer-lasting goods relative to lower-quality throw-
away goods".

In relation to ecosystems (circuits), design for sustainability
in [47] identifies that increased potential sustainability impacts
are linked to increasing system innovations. In this sense, [48]
highlights that systemic Sustainable Oriented Innovation (SOI) ap-
proaches and Circular Oriented Innovations (COI) requires active
leadership that pursues business motivations whilst recognising
interdependence and actively engaging with new and diverse net-
works of actors o create sustainable business models at the network
level. Their assumption is that such collaborative COI activities
will drive radical sustainable changes within research and innova-
tion actions, create jobs, economic value and reduce environmental
impacts. Collaborative circular oriented innovation (COI) is also
central to the European Union (EU) sustainable future vision and
strategies.

7 CONCLUSIONS
eReuse has built a model of reuse circuits that works in different
cities and regions in a country like Spain. The model appears to
be effective in being economically, socially and environmentally
sustainable. The coordination across complementary stakeholders
helps ensure the complete set of capabilities and skills to bootstrap
a local circular economy of digital devices. The software tools al-
low to improve the efficiency (processing time) and quality of the
refurbishment. Collected data allow to calculate impacts and report
these to donors and the public in general. Open datasets are useful
to activists and governments to promote manufacturers and device
owners to act responsibly for the challenge of developing a circular
economy of digital devices that make ICT part of the solution to
sustainable development (less inequality, less environmental im-
pact) and not part of the problem (from the environmental impact
of premature recycling devices after the first use and lack of impact
assessment).

From a critique about previous eReuse papers, and based on our
accumulated experience in the last few years reusing computers
from public administrations and companies, we have identified
some other key points that can help to provide computing services
that really substitute the demand at affordable prices for excluded,
and not excluded, people and that are necessary to create social,
economic and environmental impact.

Economic: i) We needed to break the paradigm poverty-reuse for
the circular economy to be feasible at scale, to open to the general
market without dumping the second hand sector. At same time,
ensure through sponsors the access of vulnerable people to a pool
of device as commons, ii) Consider an operating margin to optimal
cost-benefit ratio: a) Ask ourselves who is going to pay the circular

cost before accepting any donation b) Balance supply with other
sources, not only donations, c) Charge for data wipe services if the
devices have low usage value, d) Recycle when nothing can be done
with the device before it stays in a warehouse for months, as the
result of recycling is economically positive if there is a good deal,
and storage is a continued loss.

Social and environmental: iii) key roles like maintainer and sup-
port final users are needed to overcome the barriers related to
relative obsolescence. Retaining the maximum possible use value
of an electronic device through reuse is conditioned not only by
the durability of the product, but also by its longevity, in the final
user behaviour and in the norms and values it receives. Taking into
account these new scopes and limitations is important to avoid cre-
ating a rebound effect on people already penalised by inequality and
to offer circular solutions that really replace first-hand products.

Replicating the model in Madrid has given us experience and
lessons learned about how to adapt tools to the conditions of
each community, the need to simplify and automate to avoid time-
consuming protocols, the importance of having public support, the
importance of working with public and private entities to raise
awareness, communications and reporting.

The model, which has been replicated in Madrid in its extended
version, can be replicated to other locations in countries with similar
contexts or under more controlled conditions in localities with a
lower development index.

There is future work in understanding the concept of durability
vs longevity and finding mechanisms of analysis and experience to
validate it. Also, there is need for analysis of the boundary between
reuse and recycling, cost-benefit analysis, practical policies related
to digital inclusion and the circular economy of digital devices.
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