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The circular economy (CE) aims to radically improve resource efficiency by eliminating the concept of waste and
leading to a shift away from the linear take-make-wastemodel. In a CE, resources areflowing in a circularmanner
either in a biocycle (biomass) or technocycle (inorganic materials). While early studies indicate that 3D printing
(3DP) holds substantial promise for sustainability and the creation of a CE, there is no guarantee that it will do so.
There is great uncertainty regardingwhether the current trajectory of 3DP adoption is creatingmore circularma-
terial flows or if it is leading to an alternative scenario in which less eco-efficient localised production, demands
for customised goods, and a higher rate of product obsolescence combine to bring about increased resource con-
sumption. It is critical that CE principles are embedded into the newmanufacturing systembefore the adoption of
3DP reaches a critical inflection point in which negative practices become entrenched. This paper, authored by
both academic and industry experts, proposes a research agenda to determine enablers and barriers for 3DP to
achieve a CE. We explore the two following overarching questions to discover what specific issues they entail:
(1) How can a more distributed manufacturing system based on 3DP create a circular economy of closed-loop
material flows? (2) What are the barriers to a circular 3D printing economy? We specifically examine six
areas—design, supply chains, information flows, entrepreneurship, business models and education—with the
aim of formulating a research agenda to enable 3DP to reach its full potential for a CE.
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1. Introduction

1.1. Background

The emergence of new advanced manufacturing technologies cre-
ates opportunities for changing how manufacturing activities are
organised. Alongside important advances in innovation processes, tech-
nologies may affect the distribution of manufacturing and the subse-
quent flow of materials and goods with many potential sustainability
benefits (Gebler et al., 2014). Such benefits include the potential to
move towards a Circular Economy (CE), which aims to radically im-
prove the resource efficiency of society by eliminating the concept of
waste and leading to a shift away from the linear take-make-waste
model.

It is still unclear however what the implications of the value chain
reconfigurations caused by those new technologies are, whether they
can realistically enable a more circular use of resources, and under
which circumstances they are truly beneficial from a sustainability
viewpoint. This requires a better understanding of the information
flows and the relationships between stakeholders along the product
and material life cycles (Evans et al., 2009).

One such advanced technology is 3D printing (3DP, also known in
industry as additive manufacturing). The standard definition of 3DP
technology is “a process of joining materials to make objects from 3D
model data, usually layer upon layer, as opposed to subtractive
manufacturing methodologies” (ASTM, 2012). In other words, 3DP al-
lows objects to be fabricated layer by layer in a continuous or incremen-
tal manner, enabling three dimensional objects to be ‘printed’ on
demand (Petrovic et al., 2011).

Some of the most widely adopted 3DP technologies are material ex-
trusion, vat photopolymerisation and powder bed fusion. Other tech-
nologies available include material jetting, binder jetting, directed
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energy deposition and sheet lamination. These technologies are able to
process a variety of polymers, metals, ceramics and composites (Guo
and Leu, 2013).

It is widely recognised that 3DP offers significant advantages in
terms of design freedoms, mass customisation, co-creation and innova-
tive business models (Berman, 2012; Petrick and Simpson, 2013; Ford
and Despeisse, 2016; Rayna and Striukova, 2016).

Current industrial applications of 3DP are already enablingmore cir-
cular production systems with the use of recycled and reclaimed mate-
rials as input for AM processes. For instance, in metal additive
manufacturing, more than 95% of the unused powder can be locally fil-
tered and reused directly (Vayre et al., 2012; Faludi et al., 2015a), while
the other 5% can be sent to a centralised recycling facility to produce vir-
gin powder. So not only is the process using less material due to its ad-
ditive nature (i.e. material is added only were needed as opposed to
subtractive processes which generate large amounts of material
waste) but the system around the process is designed to enable a
closed-loop circulation of materials.

Similarly, plastics used in 3DP are commonly recycled plastics, such
as ABS, PLA and PET, and the filament itself often has a recycled content,
e.g. EKOCYCLE Cube uses 25% recycled polyethylene terephthalate
(rPET) in its cartridges1 and Recyclebot (waste plastic extruder) pro-
duces filament from 100% household polymer waste (Baechler et al.,
2013). While, plastics are still recycled at low rates in centralised
recycling facilities, distributed plastics recycling to produce filament
for 3DP could help increased this rate at a lower economic and environ-
mental cost (Kreiger et al., 2014).

These examples are showing that 3DP can facilitate the implementa-
tion of circularity concepts by directly using reclaimed and recycledma-
terials, but also with more sustainable materials—“ones which are
renewable or abundant, non-toxic, recyclable or compostable, and
which have little embodied energy or resources” (Faludi et al., 2015b).
In addition, due to the digital nature of the fabrication process, the de-
signs can be modified and shared easily. As its technical performance
improves, the potential to use 3DP as a direct manufacturing process
is gradually being realised in sectors such as aerospace, automotive,
construction, pharmaceuticals and healthcare where personalisation is
key, e.g. hearing aids, orthodontics, prosthetics, and implants. These
are at various stages of maturity and adoption, and new applications
continue to be found as the technology further develops.

1.2. Research aim and objectives

Among the variety of advancedmanufacturing technologies that are
currently emerging, 3DP stands out as one with significant potential for
changing the distribution of manufacturing and society as a whole
(Huang et al., 2013; Lipson, 2012). To date, investigations by researchers
into the sustainability implications of 3DP have looked at the potential
impact at a broad level (Gebler et al., 2014; Kohtala, 2015; Ford and
Despeisse, 2016) and have focussed on the issue of material and energy
consumption (Baumers et al., 2011; Faludi et al., 2015a). This paper
brings together academic and industry experts in the field to construct
a research agenda for exploring the means through which 3DP can en-
able more sustainable modes of production and consumption, and un-
lock value in the CE, doing so through investigating the following
overarching questions:

• How can amore distributedmanufacturing system based on 3Dprint-
ing create a circular economy of closed-loop material flows?

• What are the barriers to a circular 3D printing economy?

Starting from the cross-disciplinary palette of questions identified by
Ford et al. (2016), this paper derives research questions specific to the
CE. Given the geographic location of the authors, these questions are

approached fromaUKperspective but are considered to bemorewidely
generalisable.

2. Research programme

The issues covered within this paper are diverse and span the entire
product and material life cycles (Fig. 1). The sections below explore six
areas of research identified as critical to understandhow3DP can enable
themove towards a CE, namely: (1) product, service and system design,
(2) material supply chains, (3) information structure and flows, (4) en-
trepreneurial responses, (5) business model transformations, and
(6) education and skills development. Accordingly, exploring these re-
search areas requires a multidisciplinary approach and a systems-level
perspective.

2.1. Product, service and system design

Designing for a CE requires amonumental shift in theway that orga-
nisations, designers and entrepreneurs develop, exploit and obtain
value from products (Charnley et al., 2011; Bakker et al., 2014). There
is an urgent need not only to address production processes, products
and the provision of services, but to also redesign the patterns of con-
sumption or lifestyles, as well as the institutions that underpin them
(Vezzoli et al., 2015). However, the redesign task is not a simple one
as there are strong interdependences between design, process and ma-
terial selection. Manufacturing processes are not interchangeable as
they usually require design adaptation and validation. The redesign
also needs to account for the operational characteristics of the new
manufacturing process, such as effective build volume utilisation and
handling, variations in finish quality and material properties. This can
be partly addressed through education (discussed in Section 2.6) and
design software supporting optimisation for 3DP.

Design is particularly influential in how the entire value chain is
configured in both forward and reverse processes (Schenkel et al.,
2015). However, designers cannot wait for the development of a
remanufacturing, reuse and/or recycling infrastructure and other alter-
native businessmodels before they start to design for the CE; theymust
anticipate and prepare for the alternative economy, particularly where
there is a long product lead time from initial concept to shop floor
(Andrews, 2015).

3DP is proposed as a tool to enable design for a CE, but without a
comprehensive understanding of the characteristics of the technology
and resulting products that can align with CE principles, its use could
be ill fated.Most existing approaches to design for a CE involve recovery
at product and/or component level, where the implementation ofmain-
tenance, refurbishment and remanufacturing into industrial processes
has been proposed as ameans to extend the life of valuable components
such as electrical and electronic goods and motor vehicles (Parker,
2010; Ellen MacArthur Foundation, 2013; Stahel, 2013). Consequently,
design guidelines, principles and tools to support remanufacturing and
refurbishment have been a fruitful topic for research, where many re-
searchers have tried to improve ease of disassembly, material and com-
ponent separation and reassembly for circular products (Sherwood and
Shu, 2000; Sundin et al., 2012; Go et al., 2015).

Several sources also highlight the importance of accurate material
selection during design, either purposeful to generate an additional
benefit during or at end of life (Braungart and McDonough, 2002) or
preventive, to reduce the environmental impact related to product cre-
ation (Allwood et al., 2011). However only the latter has been truly ex-
plored from a design perspective (Whalen and Peck, 2014; Peck et al.,
2015).

In summary, the literature describing design guidelines suitable for a
circular economy suggests necessary changes to incorporate the
application ofmaterials suitable for end-of-life and the technical charac-
teristics of modularity, disassembly and repair-friendly features into
products. This would appear to still be a limited approach as the value1 Information available from http://www.3dsystems.com/shop/support/ekocycle/faq.

76 M. Despeisse et al. / Technological Forecasting & Social Change 115 (2017) 75–84

http://www.3dsystems.com/shop/support/ekocycle/faq


Download English Version:

https://daneshyari.com/en/article/5037116

Download Persian Version:

https://daneshyari.com/article/5037116

Daneshyari.com

https://daneshyari.com/en/article/5037116
https://daneshyari.com/article/5037116
https://daneshyari.com

