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A Vision of Redistributed Manufacturing for the UK’s Consumer
Goods Industry

The linear production of consumer goods is characterisedasg manufacture
multinational enterprises and globally dispersed supply ch#&tedistributed
manufacture (RDM) is an emerging topic, which seeks to eraffansition of
the current linar model of production and consumption, by taking advantage of
new technologies. This paper aims to explore the challenges, wpiiest and
further research questions to set a vision of Redistribugufacturing for the
UK’s consumer goods industry. To set this vision, a literature survey was
conducted followed by a qualitative enquiry where PBSTaspects of RDM
were analysed. This analysis was interpreted througia@map. As a resultf o
this roadmap, four RDM characteristics (i.e. customisation, afsaligital
technologies, local production, and the development of new businedsls)
were identified. These characteristics helped to sefutinee vision of RDM in

the UK’s consumer goods sector.

Keywords: (Re) Distributed Manufacture, Consumer Goods Industry,

Customisation, Digital Technologies, Business Models, Local Production.

! political, Economic, Social, Technological, Legislative, iEsmental



I ntroduction

The consumer goods industry has been characterised bystatgemanufacturing sites,
with centralised operations (Srai et al. 2016). Over thietthmee decades, globalisation
has influenced this industry to develop centralised systathamanufacturing
processes far from the point of consumption, makingrasvth based on building
capacity and markets on a global scale (Chatterjee 20H0). For the purpose of this
research, the classification of the consumer gooderseivided by the Euromonitor
International Databadevas used which includes the following sub-sectors: Beauty and
personal care, consumer appliance, consumer eledydoime and garden, home care,
food and drink, personal accessories, toys and games, gvapparel and footwear.
The manufacturing sector of consumer goods in the UK snakepical focus of study
through which to understand the opportunities and challesfggeesedistributed model
of production and consumptiomhis is because, in recent years, some sub-sectors (e.g.
consumer appliances, consumer electronics, home addrgdoys and games, personal
accessories, wearing apparel and footwear) have rapidipeecihilst others (e.g.
food and drink, home care, and beauty and personal cae}her operations
centralised and run by large multi-national companiesedigint 2013). To explore the
possibilities of redistribution of the consumer goodsaea the UK, it is important to
understand what redistributed manufacturing (RDM) means.

Current research on the topic of RDM has multiple d@fims. For example,
Pancost and McMahdn(2015) definition is focused on small-scales and local
manufacturing while, Freemaret al. (2016) define RDMsa model that introduces

the customer to the production process to answer deenands, by enabling the

2 http://www.euromonitor.com/



resilience of production systems. For Moreno and Charg@i4), the focus is more on
the decentralisation of manufacture with the aim tatera connected production and
consumption system that takes advantage of newly emdwrgihgologies to allow local
production of goods that meet global demands. In additioar stiiholars on the topic
advocate that current manufacturing systems could denttalised by current
technological developments in engineering and computingshadauld bring new
capabilities in terms of automation, complexity, flexilyitnd efficiency (Srai et al.
2016, Matt et al. 2015). As demonstrated thereisiilt a clear definition of what RDM
really means. Srai et al. (2016) have conducted the nmuesttriterature survey and
argue that the literature in the topic is fragmenteitl assempts to demonstrate its
applicability in a wide variety of sectors and conteXtserefore, this paper aims to
address this gap Bxamining challenges, opportunities, and further researchiguogst
that could help to set a vision of RDM in a specific seabor@ntext, taking th&/K’s

consumer good industry as an example.

Enquiry design and methods

To set a vision of RDM for a specific context sucht&sUK’s consumer goods sector,
the following five steps were undertaken, as shown in Fifyaed further explained in
the next sub-sections of this paper.

The methodology followed was based on a literature resigwey and on an enquiry
design to gather data froemperts’ opinions from different backgrounds (i.e. industry
experts, academics, and policy influencers) to set up a W§iBRDM in the consumer

goods sector



Step | Step 2 step3  [[Slepd " [ Steps

Literature Survey and three Analyse data collected to Synthesis of
workshops to understand the validate through nine datainto a
current situation within the interviews with experts. Roadmap.
consumer goods industry and Analysis and triangulation of
its emerging trends. all data.

Figure 1 Enquiry design and methods

A qualitative approach to data analysis was choseleeply analyse the data collected
and come up with new and unexpected outcomes. Dadamalysed by following
thematic coding approach. This type of analysis is maiség in a qualitative enquiry
as “a constructionist method, which examines the ways in which events, realities,
meanings and experiences, or the effects of a rangsaufuses are operating within
society” (Robson 2002)Finally, to synthetize the outcomes, the data wastedllasing
a roadmap which describes the way the consumer goods indiistnove forward
through the next decades. A roadmap provides a consensugnasusion of the

future through a specified timeline, which informs decisioker& A road mapping
process was selected as it provides a way to identify, égakluad select strategic
alternatives that can be used to achieve a desired obj@€tstoff and Schaller 2001).
An expert-based approach was followed in whiaftialists’ opinions are considered to

identify and develop attributes for the roadmap (Kostoff artthifer 2001).

Step 1: Literature review survey

A literature review was conducted focusing on explaring

e The current situation of th&/K’s consumer goods industry situation to define
the possible challenges of a redistributed model of pramtuetid consumption

in the UK’s consumer goods sector.



e The emerging trends in current production and consumptis@mnsgsto identify

the future opportunities for RDM witlithe UK’s consumer goods industry.

To conduct the literature survey, the following academialueges were used:
Scopus, Google Scholar, EBSCO Information Services HosRar@uest. Keywords
included UK) *manufacture, *consumer goods sector, amd-¥distributed/de-
centralisation/localisation, plus *customisation, *digiechnology, *sustainability,
*innovation The literature searches generated articles on concispigdRedistributed
manufacture by determining its emerging trends (Tableldyever, through the
literature survey, little information was uncovered specifically concerning the UK’s

consumer goods sector. This was further explored in Step 2.

Table 1 Emerging trends of Redistributed manufacture acgptdithe literature survey

Emerging Trends Authors
Matt et al. 2015, Srai et al. 2016, Rauch et al. 2015,, 16
2014,2015, Mourtzis and Doukas 2013, Pancost and
McMahon 2015, Freeman et al. 2016, Foresight 2013, OE
2016.
Mourtzis and Douka 2014, Moreno and Charnley 2016,
Kohtala 2014, Fogliatto et al. 2012, Gandhi and Gervet 20
Gao et al. 2015, Kang et al. 2016, Malak et al. 2016, Many
et al. 2015, Smith 1992, Verma et al. 20BBfchnell and
Technological Development = Urr, 2016, Baur and Wee 2015, Nanterme and Daugherty
2016, Gibson et al. 2014, Kietzmann et al. 2014, Liu et al.
2014.
Matt et al. 2015, Kohtala, 2014, Kohtala and Hyysalo 201t
Rauch et al. 2015, 2016, Zanetti et al. 2015, DeVor et al.
Sustainability 2012, Liu et al. 2014, Moreno and Charnley 2016, Fox 20:
Garetti and Taish 2012, Beamon and Fernandes 2004,
Genovese et al. 2014.
Kohtala 2014, Kohtala and Hyysalo 2015, Dickens et al.
Open Innovation 2016, Prendeville et al. 2016, Vega-Jurado et al. 2015, Wi
and Fawcett 2014, Fox 2014, Romero and Molina, 2011.

Decentralisation/localisation

Customisation

Step 2: Three workshops

Alongside the literature survey, three workshops were caeedueo reveal information
surrounding the current situation within the UK consumerdgaoanufacture industry

and its future trends. Specifically, through the workshogsrekearchers explored



opportunities, challenges and research questions for the UK’s consumer goods sector. A

brief description of these workshops is presented below.

(1) Opportunities and challenges of RDM witHur the UK’s consumer goods
sector - Version &2: Two workshops were conductatdifferent times. The
first workshop wasdd on 39 June 2015 followd by a second workshop off' 9
March 2016. Both workshops were in London, and, 80 particidigsded in
total Participants, who attended, had different backgrounds andtisepen the
consumer goods sector; including 35 industry experts, 35 acajemd 10
policy influencers. The aim of the workshops was to capthadenges and
opportunities of Redistributed models of production andgomption for
different sub-sectors of tHéK’s consumer goods industry. Participants were
dividedin mixed groups of 6 to 10 people. Each group was given a product from
the sub-sectors of the consumer goods industry and tlaeegoestions were

used to drive the discussion, these were:

e What would an RDM model of production and consumption Ildak fior the
product you were given?

e Whatare the challenges and opportunities of implementingdasRibuted
model of production and consumption?

e How could emerging technologies assiseénabling the alternative RDM model

your group has developed

(2) Setting the vision of RDMor the UK’s Consumer Goods Sector: This was a 2-
day workshop with 31 participants which aimed to start setting tienvis
RDM for the UK’s consumer goods sector. Through a series of actj\bties

participants from industry, 3 participants from non-grofganisations and 22



participants from universitiesplit into mixed groups to express their ideas
about RDM, and identify current and future opportunities andeatnggis for the
consumer goods sector. Then, a roadmap with an initialhvifiRDM was
built by following a PESTLE (Political, Economic, Sd¢i&echnological,

Legislative, and Environmental) Analysis.

Step 3 Synthesis and analysis of the literature review and workshops

Findings from the literature were used to understand the ¢witeation within UK
consumer goods manufacture and to understand the emergiag tinah conceptualise
RDM. Thesearends were used as ‘themes’ to analyse the data from the workshops
following a “thematic coding approach” explained in more detail in Step 5. The data
from the workshops (https://doi.org/10.17862/cranfield.rd.47468%8wa$ synthesised
and further analysed through a PESTLE Analysis, to captaidenges, opportunities
and possible research questions to set the future visioDWif Ko further validate or

refute the initial findings, further interviews with exmgewere conducted.

Step 4 Semi-structure interviews

In total nine semi-structure interviews were conducted witkpéres from industry
with knowledge onhe UK’s consumer goods industry and 3 academics with expertise

across manufacturing systems. Table 2 shows a descrgitiba experts interviewed.

Table 2 Experts from industry and academia interviewed

Role Company / University

Leader Industry for Change (Industrial Innovation) = Cisco

Director responsible for strategy and futures Centre for Process Innovatior
Innovation and Manufacturing Director Unilever

_ ) Greater Manchester Chambe
Editor in Chief Circulate Magazine



Director of Consulting The Clearing

Research Fellow at the Centre for Resource Efficiel Teesside University
Manufacturing Systems

Professor of Innovation Management and Policy ~ University of Manchester
Professor of Manufacturing Informatics Cranfield University

Semi-structured interviews were chosen to allow more fletxibit exploring
the topic in question (Robson 2002). The interviews wereré&adlfor each interviewee
but in general, questions concerned the consumer goodsryigdisbtivations to move
towards RDM models in large and small medium enterprise&£€&Mhe role of
legislation, the role of end-users, the current challeagel opportunitiesf the
transitionto RDM, the application of new technologies, and the environwahénpacts
of RDM.

Step 5: Synthesis and devel opment of a roadmap to present the future vision of

redistributed manufacturing for the UK’s consumer goods sector

The data (https://doi.org/10.17862/cranfield.rd.474690QXreIn the steps above was
analysed following a thematic coding approach to examine tie wavhich events,
realities, meanings and experiences of participants thiaftax in this enquiry, could
inform a vision of RDM for the consumer goods sector. fhieenatic analysis

conducted was the following:

e Data familiarisation,

e Code generation regarding the identified opportunities, egdls, and possible
research questions,

¢ Identification of common themes through a PESTLE amafgsiowing the

identified trends in the literature survey,



e Triangulation of all data to validate the analysis and ensonsistecy. This
triangulation was depicted on a roadmap of the current (2@£6)(2025) and

distant (2035) trends of RDA the UK’s consumer goods industry.

Findings and analysis

Literature review findings

The UK currently centralises the major part of its coner goods production in China,
India and Bangladesh. This generates an important insgabithe global economy and
has impacted UK manufacturing with a decrease of 0,5% anficd de£12bn in 2015
(OECD 2016)

The UK Government acknowledged this current situation. A, sbey
launched the Foresight Report (2013) in which they statethle redistribution of
production and consumption could help manufacturing sysieies faster, more
responsive, closer to the consumer, and more sustaindiotaigh the literature survey,
five key trends were identified that could enable the rebigian of manufacturing

systems for the consumer goods sector:

e Localisation: RDM is about decentralising one or more activities ofvidae
chain, from the extraction of raw materials to tHaritaation and distribution, so
the final product is manufactured closer to the final (Seai et al. 2016). The
proximity between companies and customers is considerad iagortant
factor for success of distributed models of productioncamsumption (Rauch
et al. 2015)Localisation can also include the distribution of nadeaactories,
in the form of mini-factories that are the size ofaa that can move daily or
weekly according to the changes in demand and the surrgueminalitions (Fox

2015) However, localisation could face certain challenges.th®
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manufacturer, this includes re-thinking the way in which pradact fabricated
and assembled, adapting to changes that could enable defilbfef and
efficient manufacturing processes, and achieve efficirgs-functional
communication with their suppliers and customers (Matt @045). Other
challenges include the impact on regulation and policiesn i the major
political decisions remain central, RDM will allow maesponsibility at a
regional scale (OECD 2016).

Customisation: The demand for personalised products is increasing (Mintel
2016). Customers are no longer satisfied with mass proderes @&nd are now
looking for personalised products and services accordingitodvn needs
(Gandhi and Gervet 2016). For companies, the opportunitiesesting in
customised products are: to increase their profits in thetlenm by
understanding their consumers better, increase thaidl@quity and improving
their relationship with their customers (Moreno andr@leg 2015) A more
efficient customization process could be enabled if an uieldniariety of
products that could be made locally (Mourtzis and Douka 2014 lcstal
materials (Fogliatto et al. 2012), and optimising productioretmbade on
demand, avoiding over-stock of products (Kohtala 2014).

Technological Development: Emerging technologies such as automation and
robotics, big data analytics, the Internet of Things (la@lgitive manufacturing,
cloud computing, mobile technologies, social networks, and lmodasign
amongst others; can support the transition towards a cooreected
decentralised manufacturing systems (Gao et al. 2015, Kahg26t.é, Malak
et al. 2016, Manyika et al. 2015). Current technology had seahajgheances in

humanto-machine communication systems. These advances dkngvo
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towards a complete digital system through machine to mackikl) learning
(Verma et al. 2016). This new forms of intelligence could telpcrease
revenue and competition in the consumer goods sector.\ldowempanies
would need to adjust their business models, production and marléddimto
account for all benefits. Some of the foresee benefitisis digital
transformation are: positive environmental and econonpaats as technology
could help to reduce the use of resources (Birtchnell and Urr A61@pved
relationships with end-users, and improved delivery of prodasnore
responsive time (Baur and Wee 20IE) be able to adjust to the changes
caused by advances in technology, the consumer goodsrinastild need to
set in place new production management systems (Smith 189®)dition,
policy and regulations will have a key role to play to enaklter control on
how data is used and distributed, as well as implementiagumes to create
digital trust (Nanterme and Daugherty 2016).

Sustainability: Current advocates of RDM (Matt et al. 2015, Kohtala 2014,
Kohtala and Hyysalo 2015, Rauch et al. 2015, Zanetti et al. 2015r[zt\dl.
2012), have considered how small-scale, flexible manufactmetworks could
enable environmental benefits leading to more sustainable forproduction
and consumption. Genovese et al. (2014) recognise some didlenges to
implement a sustainable supply chain in the consumer gootis.s&s such, it
is argued that RDM could enable more sustainable supply dmaesiucing
emissions (Matt et al. 2015, Rauch et al. 2015) and by reogveraterials
(Beamon and Fernandez 208&htala 2014, Kohtala and Hyysalo 2015) as a
result of shorter supply chains. RDM could also help ttebeesource

management through implementing energy-efficient amares-saving

12



manufacturing systems (Malik et al. 2011, Srai et al. 2016 cauld result in
improved use of resources and materials through enabling rgco
recycling (Manyika 2012).

e Open Innovation: RDM offers an opportunity for open innovation due to closer
interaction between the consumer, designer and produestich co-creation is
enabled by shared knowledge (Srai et al. 2016). With open itiooyproducts
can be introduced into the market at a faster rate (Waile Fawcett 2014)
RDM models are also characterized by a system in whepribduction
becomes part of the consumption proce$led¢&rosumption’ (Kohtala 2014).
‘Prosumers’ can contribute to the design process, allowing a greater
customization and personalization of products and sericagdla and
Hyysalo 2015). It is foreseen that open innovation will en#iet creation of
connected spaces where access to relevant knowledge dmaviakide key to
move towards a Redistributed model of production and consum(iickens
Kelly and Williams 2013, Prendeville et al. 2016). The consumergmaldistry
will need to adapt to this connected transformation by rgdicedifying their
facilites for flexible production systems, as well as asllng customer
dynamics to undestand changing needs and preferences angrdos

opportunities for co-creatiofRomero and Molina 2014).

Workshop findings

The @ntrasting opinions of the different workshop’s participants are reported below
and categored under the five trends found in the literature review [@ealisation,
customisation, technological development, sustainabdity, open innovation). A full

summary of these results can be found in
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https://doi.org/10.17862/cranfield.rd.4746898.v1.

e Localisation: participants from the ‘Opportunities and Challenges of RDM for
the UK’s Consumer Goods Sector’ workshop, pointed out that RDM models
could be challenging due to the speed and efficiency of cumass production
manufacturing systems. Nonetheless, it was acknowledgedrtigipants of the
‘Setting the vision of RDM for the UK’s Consumer Goods Sector’ workshop,
that RDM models offer an enhanced local, connected, sawdry concept that
could be present in different locations. This model ceuldble production with
local materials, as well as a more flexible productigstesm that adapte
conaumers’ demands. Despite this, academics from the same workshop argued
that the term ‘local’ remains debatable as they wondered whether small-scale
production could create higher value, as they see thergxiafrastructure as a
challengeParticipants from all workshops raised the question: “What is
redistributed?” acknowledging that it is difficult to define the expanse of
localisation of RDM, as certain areas of manufactwalastill need to be
centralised do to economies of scale.

e Customisation: Participants from all workshops acknowledged that
customisation is currently a trend within the consuguerds sector. However,
most participants acknowledged that the consumer besticiated to
customise products are still unclear. Participants flwnfitst version of the
‘Opportunities and Challenges’ workshop considered that a customised product
could be 10 per cent more expensive than a regular product.,Htaace
important to understand if customers are willing to pay moré&ge. On the
other hand, most participants mentioned that customisadiold increase

customer loyalty and improve brand value

14



e Technological development: From the discussions across the three workshops
the main challenges identified were: security regarding oh@nagement, and
the learning proceds understand which data is useful to make strategic
decisions within a business. The main opportunities identifiethe consumer
goods sector were: the use of data as a new currency and/étepdeent of
enhanced skills on science, technology, engineering arftematics (STEM),
to foster employment in these areas.

e Sudtainability: Merging services within the manufacturing process were
considered in all workshops as an opportunity for RIDMoost sustainability
However, participants questioned‘RDM could increase or reduce
environmental impac?®s Participants of the three workshops saw opportunities
to include services that enhance, re-use, repair and mamnue, but also
wondered if more localised manufacturing units could resuligher
consumption of resources.

e Open innovation: Participants from all workshops acknowledged &AM
could facilitate co-creation, co-design and co-producki@thin the consumer
goods sector. However, the benefits could be countered prodastogen
sourced forms of manufacture could create more competitiklh SMESs in local
areas. Open Innovation was also related to the use ofeodwdlogies and data.
Thus, participants raised the questions: “who owns the data? And what is the

value of the data collected through open source platforms?”

I nterview findings

In general, the interviews helped to capture some of th&ngisopics described in the

workshop findings, to define the plausible transition té&R&M model for the consumer
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goods sector. For example, the interviews revealed tferetht opinions concerning the
customisation and possibigrosumption patterns in RDM. They also pointed out the
advantages and drawbacks of mass and local production, anelddafpossible
transition to RDM within the consumer goods sector. A summgthese findings is

presented below.

e Customisation and open innovation - different points of view: Different
opinions were raised concerning co-design and co-productionghropen
innovation platforms. Industry experts believe that austs take a greater role
in the design of the product. Five interviewees (4 frotigtry and 1 academic)
expressed that customisation could help to better meet customers’ needs.
However, according to two industry experts this will have totlibeaexpense of
charging consumers more than a basic product. Accordiogetandustry
interviewee some customers are already prepared to payimexehange for
having premium access to products and services. Other inteeddlve
academic, 1 industrial expert) expredghat large consumer groups will still not
prepared to pay mores grice is the most important factor in consumers’ buying
process. However, there was a consensus that thedemsand for new ways to
interact with producers like Open Désks this model satisfies customers’
desires. On the other hand, academics believe that custetitieneed an
intermediary to help them to create their products.iigtance, they expressed
that in the furniture industry, it is unclear as to whethetomers have the

ability to design their furniture with local skills and madés.

3 Furniture Company where customers have access to a file tontssttheir piece of furniture,

to then being produced locally.

16



e Massproduction vs. local production: All interviewees agreed that RDM has
the capacity to change the way products are made in tiseim@r goods
industry. However, there were views from two academicsieatransition
would be slow as “things will still be made and transported half way around the
world”. Despite this, according to one industrial interviewee, there is adttbat
customers are willing to buy products made in the UK. It wastioned by
several interviewees (3 academics, 2 industrial expéasihis will improve
the manufacturers’ relationship with customers and will make service models
easier to implement. However, an academic expressedithatill require the
right infrastructure. Finallyan academic explained that ‘local’ might have
different interpretations in developing and developed countries. “In the UK
industries want to be geographically close to the customereaser India,
they want to be close foracommunication point of view.” Meaning that in
India, manufacturers would like to keep producing for loodl global demands,
by keeping track of new consumer trends, through using bigaddtamerging
technologies.

e Trangtion from the current model to a RDM model: All interviewees
acknowledge that an experimental phase of RDM is happenidghainto make
a transition to RDM plausible, a huge amount of researainovation is
needed. It was acknowledged by an academic and an industrigtl iagbehe
ease to move to RDM in the consumer goods sector will depeaid$/ran the
company size, the nature and complexity of the produasakes applied in the
factory’s location or the level of advancement of the technologies used. An
industry expert said;Companies are mainly unsure about such a change and are

struggling with digitalisation. But, they are keen to leaiore about RDM

17



Furthermore, two interviewees (1 academic, 1 industry exagréed that RDM
IS not applicable for complex products made of complex gesds electronics),
as there are a huge number of key processes, and isai@iGansiderBut they
also acknowledged that factories making a simple product couldiss/and
money by producing some parts using robotics and automatiaailyf-and
industrial expert pointed out that “for simple and cheap products, like bread,

RDM would not add any value.

Synthesisand interpretation - RDM roadmap for the UK’s consumer goods

sector

The RDM Roadmap contains the identified opportunities, ehgéls and possible
research questions for each identified trend, to furthegheevision of RDM for the
UK’s consumer goods sector. It follows a PESTLE Analysis to cover the impacts of
RDM holistically (https://doi.org/10.17862/cranfield.rd.4746901.v1). This inébion
was organised along a timeline, defined through data andlygsoadmap
(https://doi.org/10.17862/cranfield.rd.4746901.v1) shows the current (2017), nea
(2025) and distant (2035) challenges, opportunitiad possible research questions of
RDM in the UK’s consumer goods industry, for each aspect of the PESTLE Analysis

as discussed below.

Political Aspects

Political aspects define the stability of the political emwinent considering the shift to
RDM (Srdjevic, Bajcetic and Srdjevic 2012). As the UK is blae a free market
principle, politicians do not have a direct impact on taedition to RDM However,
they can have an impact on the transition through thidireince in businesses and

society in general (Sternberg 2015he main challenges, opportunities and research

18



guestions identified based on political aspects are descraied.b

The decentralisation of the consumer goods sector ioutient timeframe
(2017 could offer opportunities to invest in abanddareas within a city and
stablish a tax-free incentive to occupy these areaslisation of manufacturing
systems could drive new policies and tax mechanismsefterbuse of resources
(i.e. water, energy and materials).

In the near future (2025), if technology continues to devaldpis fast rate, a
challenge will be to adapt current legislation to the newrtelogies and the use
of the data captured by these technologies. Localisafiboffer opportunities

to set new regulations concerning exchange of goods betweenienunt
However, a challenge would be to set control for local andmeltdecisions.
Other political opportunities in the near future will be to deyeloew set of
policies for small and medium enterprises as well atsfa, increase political
responsibility at a regional scale as well as generatgotes.

In the distant future (2035), the localisation of manuigchas the opportunity
to bring businesses and citizens closer and act as kéjees of change in their
local area. However, the question still remains if cities@ganisations are
likely to anticipate long-term changes or is likely to te¢acshort-term political

shocks.

Economic Aspects

The economic impacts are related to the economic growtie @wountry, the

unemployment rate and the cost of resources (Roos and BaR@/&sis In a

redistributed model of production and consumption, impadtsnainly result from

local production and better relationships with customers. RDMd change the way
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current business is undertakend how materials are being sourced and used. In

addition, views on how large and small regions are pexdeiould also changeh&

main opportunities, challenges and possible research questeongied for the impacts

that RDM could havenithe economy are described below.

In the current timeframe (2017), technological developaetit offer an
opportunity to increase competition, as technology companiebavd the
ability to generate more consumer insights, giving them the meacs éterate
the understanding of customer needs and demands in agsponsive way.
The consumer goods sector is currently seeing a transsicards more
customised goods. Despite this, justifying higher prices is Soee a
challenge for some sub-sectors of the consumer goodsrpdesgpecially for
the fast-moving sector, where retaining customers and attyawtw ones is
based on a pricing mechanism. Localisation and techyalogld enable better
customisation of products by having shorter supply chains, vemahble
reduction in delivery time. However, a challenge for the coweswgoods
industry is the better integration of connected and ssuguply chains through
the use of technology. Other challenges include the adaptdtiaw
production and assemble processes to more localised émscaarivell as the
impact large organisations could hasesmall communities of producers. Thus,
some questions still persist in terms of which processaddbe redistributed
in terms of economic viability and if it is really worltr a large company to
invest in redistributed models of production and consumption.

In the near future (2025), technological advances could bcmgoenic
opportunities as products might be designed for modularity, improkéng

flexibility in production systems as well as being able t@vec high value
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materials. Modularity in product design could facilitate esasd recycling,
bringing economic benefits for these activities, esdlydf they are undertaken
in regional locationsThe near future will seenancreased domestic economy
driven by localised enterprises. However, some challengesead to be
overcome, such as meeting financial requirements (e\gvalof these
enterprises). Questions are raised to drive a redistribatewmy, such as: a)
what are the economic issues that would need to be awencoterms of the
future labour markets, innovation and land use planitupip, there a real value
added by shifting the economy to localised manufacturing umsigh the
development of new business models and organisationalsesict

In the distant future (2035), technological advances danitd) opportunities to
drive automation in manufacturing systems through robatidsloT. However,
these advances could be seen as a challenge as they mayamjodos and
raise affordability concerns for small enterprisHsere are also opportunities to
use data as a currency as well as have a better accountafhitiaterials. In the
distant future, the industry will see a shift from sellinggbal products to
digital ones. This could be seen as an opportunity to genesateusiness
However, this faces challenges such as how to establish prieicigamisms to
sell services instead of products, which leads to the questiboveto

demonstrate economic sustainability through thid.shif

Social Aspects

Social aspects refer to the impacts on population, theaweyv industrial model can

change inhabitants’ way of life and living conditions (Fox 2015). In RDM, social

aspects will be mainly defined by the new role of the custamthe supply chain (Fox,
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2014) End users will have more power, as they will be able toreate and co-design

their productsRDM will also improve the relationship between the manturer and

the consumer. Social challenges, opportunities and résgaestions identified are

described below.

The social opportunities in the current timeframe (2017) retaémhanced
customer interactions in the democratisation of produgitsedevelopment. At
the moment, the industry is seeing more co-design aesivit which the user
takes an active participation in the design and marurfagtof goods. This
enables local and global enterprises to create a comnaamse. However, at
the same time, the consumer goods industry is facing pnessure to deliver an
excellent experience as with social media bad reputatn significantly

impact an organisation. To capitalise better from tlkes@l meda
opportunities, some changes in industrial practices a@ede These changes
include a better integration between retailers and supplimetsiewing
competitors as collaborators. However, at the momesetbleanges are
challenging to implement.

In the near future (2025), social opportunities are related tonemiggskills in
local communities, better access to knowledge through shaletfgrms,
enhanced transparency in the supply chain, as well as betteilife balance by
changing how products and services are produced, sold and deliVaee
challenges identifies are related to the mechanisms fanghHarowledge and
skills as well as to the willingness to share informakbigrtompanies. Therefore,
akey question to answer is what are the networks and soriakctions needed

to respond appropriately to the demands of sharing knowledgskaélsd
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In the distant future (2035), the main opportunity is a full dentisetzon of
production systems. However, the challenge remains imahsition to this
democratisation and the role that education has toiplagquire the right skills

and knowledge to minimise the effects of technologyrapleyment.
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Technological Aspects

Technological factors are related to the technologideances and new ways for

transferring information using big data and the IoT. Curiremds hae seen the

advantage of using these technologies to enable more cedmeahufacturing systems

These

advantages include having the capacity to addressstdasingy complex

consumer goods’ supply chain by integrating information and knowledge between

producers, suppliers and consumers (Faller and Feldmuller Z0#bEhallenges,

opportunities and research questions identified for teoliezl aspects are described

below.

Current (2017) advances in technology have seen improvements
manufacturing processes as well as the creation of neaneed processes due
to automation, data capture and data analysis. These iempeows have enabled
opportunities for traceability of materials and products withirstiggply chain

up to the retail floor as well as improvements in thévdef of services. For
RDM, this means that proximity of manufacturing systentbeaetail shop
could be even more manageable. However, to have a crosexfiahc
communication system, there are still some challengegeicome including
cyber security, and management of big data.

In the near future (2025), a more dynamic and interacystes could be seen,
in which RDM operates within a mass production system enalyled
technological advances. This could bring opportunities to scalddifva
manufacturing processes, optimise the amount of mitesad and create new
business models. To enable this dynamic and interactitensys manufacture,

accurate management and analysis of big data would be nddusd future
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challenges are related to the integration and protectiort@fBdavell as issues
related to ownership and democratisation of data.

¢ Inthe distant future (2035), opportunities for redistributionasfstimer goods
would be enabled by a fully automated system, which can seli-repHi
operate and self-diagnose. However, this raises questidhse eapabilities of
machine learning, infrastructural changes as well as theiscalgch these

technologies will need to operate.

Legal Aspects

Legal aspects mainly imply new laws and regulations due to titwdas and
approaches from government (Srdjevic et al. 2013 the most important aspect to
move towards an RDM model enabled by digital technologiestas amxoment only a
limited regulation exists concerning the ethics and use afdig (Gray and Thorpe
2015) As such, a number of opportunities, challenges and resgaeshions relate to
this aspect.
¢ Inthe current timeframe (2017), it is necessary to ohaxgsting laws on the
rights and use of land for small scale factories asasethere are opportunities
to re-think the current laws on rights and duties for tieeaiglata collected by
services.
¢ Inthe near future (2025), changes in local legislatimbked by the
redistribution of production and consumption systemsccordate opportunities
to decrease export and import costs. Legal challenges, spobtastion of
intellectual property and brands as well as sharing of datald need to be
addressed in near future where mass-customisation is ritmeima redistributed

model. In addition, increased competition at local markeuld be challenging
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to control and legislate. Thus, a question to answer is vdtiay framework for
governments; regions and other parties are needed to aamfaol competition,
and to enable fair management of data.

e A legal opportunity for the distant future (2035) is the regulation
democratisation of designs related to intellectual prop&tys. However, to
start thinking about the legislative framework, it is intpat to ask questions on

how this democratisation would look like.

Environmental Aspects

Finally, environmental aspects are related to the managerheatural resources and
potential environmental impacts (Srdjevic et al. 2012). Tohgevision of RDM
environmental aspects dmeked to new logistics management related to the emergence
of small and local factories for the consumer goodtoseln addition, other aspects are
considered such as the optimisation of the amount tdrrabused through th
introduction of services and the use of material availelllly, as described below.
¢ Inthe current timeframe (2017), environmental opportunities RivIRire
related to the improvement of waste management through agslyategies of
repair, reuse and recycle, as well as reduction of emgsiimough the reduction
of transport. However, a question still remains if lowerespabduction systems
could drive environmental sustainability.
¢ Inthe near future (2025), the main challenge for RDM would@dve its
positive impact on the environment by addressing the followingtignesa)
what is the percentage of transport reduced through thei@adopan RDM
model, b) could we better engage with users to encourage dhetuitn

unwanted items to be reusespaired, remanufactured or recycled, and c¢) what
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Is the environmental impact of managing resource flow®fay and short life
products.
e In the distant future (2035), the opportunity for RDM is to geeeaatindustrial

system that is dynamic and sustainable.

Discussion: Thevision of redistributed manufacture for the UK’s consumer

goodsindustry

The roadmap helped to identify four RDM characteristics tmééehe vision of
Redistributednodel of production and consumption for the UK’s consumer goods
industry. It was seen that political, economic, sot&dhnological, legal and
environmental aspects are closely related to each othesudh, four characteristics
were dedued from the opportunities and challenges and possible resgaestions{o

understand the changes needed to achieve this vision. Tlaeaetehstics are:

Customisation

Customisation is driven directly by the customer, ansl@n on-going trend in our
current society (Fox 2014frrom the findings it was dededthat, insocial terms,
customisation is moving to enable customers to take pHreidesign and the
production of goods thanks to the integration of big data antbthwith automated
systems such as additive manufacturifgis is already happening the food industry.
For example, mymuesly.cdris a small scale production of cereals where consime
can create their own personalised muesli package with machmachine

communication (Mosterman and Zander 2016, Moreno and Ch&01e)

* German company that allow customers to personalise theicewsals boxe
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Moreno and Charnley (2016) argue thaggonomic terms, companies will
increase their profits in the long term through a bettelerstanding of their consumers,
improving their bransland their relationship with their customerowever, the
findings revealed that this would require adjusting the of retailers, and that
customisation will be at the cost of exorbitant pricateriviewees also acknowledge
that in the distant future customisation could have coithgeprices, sceconomically
up to then it will make sense.

Dueto technological advancements, the findings revealed that customisation i
about creating versatility and an unlimited variety of prothet can be made locally.
Customisation also brings the opportunity to create moguteducts depending on the
customers’ needs. As a result, the product is made of the exact features desired by the
users, optimising the amount of material needed, having atdterreduce
environmental impacts. Dickens et al. (2013) argue that in the next 20,years
technological advancements will have a $émgial impact as products will be
manufactured based on personal data. This will drive a rnieo¥ ksgislations in the

near future that will foster locatonomic growth.

Use of digital technologies

Technologically, the future will be driven more and more by robotics andraation.
It will evolve step-by-step, starting with the improvemeihwmanto-machine
communication and then, moving to a total macheerachine communication
(Verma et al. 2016). The findings estimated that in 35 yaawill see the evolution
of self-configuring production with self-repairing, self-ogiémg and self-diagnossc
systems that will make certain goods (such as consumgaraggs and electronics)

being repaired automatically (Dickens et al. 2013)
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Interviewees acknowledged that the shift to full autormatdl require high
investments for companies and an important change in theveravork. As, such they
do not foresee this happening soon. The biggest barrier wiietsecial transition to a
fully automated consumer goods industry, as works mayt tedisis transition (Fasth-
Berglund and Stahre 2013)

Emerging technologies such as additive manufacturingowil economic and
environmental benefits, as seen some complex products in aerospace and
biotechnology (Pancost and McMahon 2015). However, the fisdieggaled that now
and in the near future additive manufacture will be only tsguoduce some parts of a
product rather than a product in its whole due to efficiemcy@stsThe findings also
revealed that additive manufacturing could rederogronmental impacts, ag’s
process is based on the optimisation of materiald (I3espeisse et al., 2018he
findings of this research also padtout that additive manufacturing will help to
decrease carbon emissions due to transportation of goquedagts will be produced
locally and in-situ.

The use of additive manufacturing in the consumer geed®r is very
challenging, and not very applicable as the industry iy&ioteady to apply it on a
large scaleHowever, the findings also revealed that 3D printing hubddvoe& more
common to print certain personal products, bringisgcial changeasconsumes will
be closer to the production process and, better understatitérrequirements to
produce goods.

The use of big data for manufacturing processes is becamiggmportant for
the consumer goods sector, as producers are starting toiseptathe use of big data
to drive their design and innovation processes (Baur and 2046&). Findings revealed

that the sector is starting to realise ghenomic opportunities big data could bring, in
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terms of increase competitiveness, deliver of new prodadiservices, improvement
of production and improved relationships with customers as welébvering products
in a shorter time scale

To better capitalise on the use of data, companies nexddi® a digital trust by
ensuring effective and reliable data protection. Accordingedindings, big data and
the Internet are two important aspects of RDM, whereetaeg currently no clear
regulations and rights. As such putting in plaegulations that could enable better
control of the data will increase trust of manufactu(si@terme and Daugherty,

2016).

Local Production

Local production could enable smaller, low-cost and mewpelile factories closer to
the customer, which could offeconomic andsocial benefits in terms of low capital
investment that could impact society in general. For megtawith the use of
technology, the same product could be produced in different places, enapbiditive
manufacturing (Chen and Tsai, 2016)

The shift towards a more localised production of consumeldgyodl need new
policies and regulation for small and large manufactueersyell as better support for
start-ups. Better regulations and support in the UK could gezemonomic growth,
employment, drive innovation and improve productivity and perémce (OECD,
2016)

According to the findings, netaxation regulations could be implemented to
drive re-distribution of the consumer goods sector. Tanusccinclude for example
lower taxes for those that assemble or produce thegdmduct closer to their
customers. This could be possible as frolegal point of view, today factories and

companies’ location depend on the taxes applied in each territorgudh, the UK
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government could set up free tax locations to encouragenwalfacturing hubs
However, this should take the amount of resource availabéaoh part of the country
into consideration and make sure enough resources al&béad respond to
customer’s demands (Rauch et al., 2016).

Local production will also enable shortenioigthe supply chain. The number of
semi-finished to finished products shipped will be significantly redy&auch et al.,
2016). For instance, the use of emerging technologies could ateductionof the
number of logistic stages from 8 to 4 in short distarmesport (Ferdinand et al., 2016)
Producing locally will also reduce the delivery time to the fursdr, satisfying both
manufacturers and consumegsonomically, autonomous production could increase
the European GDP to 11% by 208&l reduce the UK’s trade deficit by a third (Ellen
MacArthur Foundation, 2015). Tisecio-technological challenge though, both for
industries and customers, is to re-think the way to product aedhase, apply efficient
cross-functional communication, opt for fully flexibledagfficient processsthat
haven’t change for one hundred years and, link together infrastructurdisyae,
intellectual property, liability, transactional conditggrand social protocols.

In general re-distribution of the consumer goods sectad dwring socio-
economic benefits including reduction of high cost production and owelymstion,
improve relationships between customers and manufactuseréycal material and
expertise, meet consumer needs more effectively,omepfiexibility and delivery
times, and create new jobs (Matt et al., 2015). For exanmptbe UK the number of
microbreweries increased significantly over the last feary which created an
economic boost and a significant increase in the nuwoidecal jobs for young people

with 869,000 new jobs (Department for Communities and LGcakernment, 2015).
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Development of new business models

Redistributed models of production and consumption coufultbedevelop new
business modelsased on the delivery of services (Srai et al., 2016, Stabéb)
Examples of services within the production of goods alreasy i the consumer
goods industry. An example of this in the UK is Gramhich offer a service to
customise snacks; and Vitagho offers a maintenance and installation servicehier t
furniture they produce (Moreno and Charnley, 20¥6jh the development of new
business models based on servitisation, companies iomisemer goods sector have
the economic opportunity to reduce their stocks, optimise the use and avayadfilit
existing productsand possibly postpone their enéHife (Ferdinand et al., 2016, Rauch
et al., 2016)

In addition,open innovation has opened the possibility to develop new business
models. Thesocial trendof “Do It Yourself” is currently growing, based mainly on the
growth of social networksnd the emergence of ‘Fablabs and Maker- space's
(Prendeville et al., 2015%50me manufacturers such as Open Baske capitalised on
this, as they sell files of open source designs to ldbmess produce their own
furniture in such spaces. This type of business model emaldle time savings in
getting products to market (Waller and Fawcett, 2014).sbti@-economic and
technological challenge is to enrol all sub-sectors of the consumedgmdustry to

capitalise from open source designs and sharing informatitms happens, it is

5 Manufacturer of personalised snacks boxes aghbscription.

® Furniture manufacturer.

” Small communities where people share thédodt-Yourself » skills or their inspiration with
other makers to make or repair items. A Fab-lab usually &dkesntage of digital tools

(Kohtala 2014).
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predicted that it will be in the next 25 to 35 years, @mnd connected spaces that
serve as knowledge hubs could emerge (Dickens et al.,.20 E8)dition, these e
business models have to be based on a system that lsathacself-interest of people

involved and the possibkistainability impacts (Antikainen and Valkokari, 2016).

Comparison with previous research

The most recent research on opportunities and challefd@3M was conducted by
Srai et al. (2016)who also identified key characteristics related to RDNeSE
characteristics are digitalisation, personalisati@w enabling technologies and
enhanced user and producer participatWe.recognised their proximity to the
characteristics identiéd through the presented study. In addition, we also acleume!
that RDM characteristics in both studies could be integ@inith each other and could
act as enablers for further features. For example, mistion is a direct consequence
of the use of digital technologies. Because the proyibetween characteristics, we
considered new enabling technologies and digitalisatiorsasjke characteristic
referred to in this paper as the use of digital techndogi digitalisation with the use
of new technologies will allowed manufacturing to happeany time andn any
location (Rauch et al., 2016).

Srai et al. (2016) also identified specific opportunities @rallenges for RDM
However, their scope is more generic as their analyssshased on a cross-case study
analysis of different sectors. The challenges and oppddsimitentified in this paper
are exclusively for the consumer goods sector. However, ths mmt mean that there
are not crossovers with other sectors previously studigcexammple, in terms of
enabling production technologies and infrastructure, both stadie®wledged that the
transition towards RDM would depend on the development ofshéls, research and

development and having the right infrastructure in plataddition, regulatory
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measures are acknowledged in both studies as an impdetaeng, specifically for
coordination and governance, intellectual property, andatgy measures for
production in urban landscapes. Moreover, Srai et al. (2&E&)ch et al. (2015, 2016),
Matt et al. (2015), Kohtala (2015), Zanetti et al. (2015) and DeVat. (2012)
acknowledged similar sustainability implications, as thesqumesented in this study
Finally, Srai et al. (2016) mentioned the development ofmesiness models as part of
the transformational changes in a multi-sector appradowever, this was found to be
the biggest challenge for the consumer goods sector, as this industry hasn’t changed in

the last 30 years (Chatterjee et al., 2010). The roadmagtoged acknowledged this,
and despite the fact that some transformationsapdning now, a full transition will

take between 25 and 35 years to be realised

Conclusions

The aim of this research was to explore the challengg®rtunities and future research
guestions to set a vision of redistributeghufacturing for the UK’s consumer goods
industry. Through this paper, it was seen that the refalision of manufacturing for
the consumer goods sector is in its infancy in the UngetHowever, current socio-
economic and technological trends could assist inrdmesition towards RDM in this
specific sectarlf RDM is to happen in the future, the entire supply chaihrnveied to be
re-designed with new interactions between customers, soppinel manufacturers.
Customers will have a significant role in the next indasmodel, which will allow
economic growth for companies and more choice and aetih for customers
However, challenges still need to be addressed. Uncertaintiesraing the ability of
customers to be engaged in RDM still exist and more rdsearaistomers’ behaviours
and motivations to be conducted to realise whether or not BRiscts only a niche

market. Further research is also needed to determirex#ioe impacts RDM has on
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supply chainsranscending UK’s borders.

According to the current discourse between academics argtrip@xperts, an
innovation roadmap is attained to set a first visioRDM for the UK's consumer
goods sector. However, implementing this vision is comphereeeds further research.
This is because all aspects studied are intertwined and doartdje rapidly according
to their different influences. As such, for the purposthisfstudy ve only aimedto
foresee the emerging trends and characteristicsahagrable or inhibit RDM in this
specific sector and context. However, further researatisneebe conducted to
understand the impacts of global trends, such as changingyceghes, greater
urbanisation, increased automation, environmental regulahdrshift towards a
sharing economygn implementing a redistributed model of consumption and
production. In additionasthe consumer goods sectebroad, it is recommended to
consider sub-sectors in future research.

This enquiry was based on experts’ opinions from different backgrounds to set a
vision. However, the authors acknowledge that further relseereds to be conducted
to understand how the daved trends as well as global trends could influence RDM
For example, increase in technology and automatioglabal trends but also emerge
astrends to consider as part of the RDM movement. A furthellysis of these trends

could help the research on identified opportunities, chgdieand research questions.
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