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Consumer Goods, Big Data and Re-Distributed 
Manufacturing (RECODE) has been created to develop 
an active and engaged community to identify, test and 
evaluate a multi-disciplinary vision and research agenda 
associated with the application of big data in the transition 
towards a Re-distributed Manufacturing model for 
consumer goods. The exponential growth of available and 
potentially valuable data, often referred to as big data, is 
already facilitating transformational change across sectors 
and holds enormous potential to address many of the key 
challenges being faced by the manufacturing industry 
including increased scarcity of resources, diverse global 
markets and a trend towards mass customisation. The 
consumer goods industry, has remained largely unchanged 
and is characterised by mass manufacture through  
multi-national corporations and globally dispersed supply 
chains. The role of Re-distributed Manufacturing in this 
sector is often overlooked, yet there is great potential, when 
combined with timely advances in big data, to re-define the 
consumer goods industry by changing the economics and 
organisation of manufacturing, particularly with regard to 
location and scale.
 

RECODE Network members have developed novel methods 
and held innovative events that engaged communities of 
academics, international experts, user groups, government 
and industrial organisations to define and scope the shared 
multi-national vision and research agenda:

• Feasibility Studies: We have funded five short-term 
feasibility studies to test and evaluate specific 
research challenges. These studies were selected 
from applications submitted by members of the wider 
network

• Student Projects: 20 student projects are completed in 
collaboration with a number of our industrial partners. 
MSc degrees were awarded based on these projects

• Future Vision of Manufacturing: The network has made 
use of an innovative online tools and live events to 
identify challenges and opportunities for the future of 
manufacturing

• Steering Group: We have relied on an active steering 
group of industrial professionals from across the core 
themes of the network to guide the research direction 
and network events

Executive Summary What we did?

RECODE Network
About Us
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20 
MSc

degrees awarded 
based on thesis projects 
related to the RECODE 
Network

The network produced four 
tools to design products and 
services for re-distributed 
models of consumption  
and production

473 followers 
Twitter

1685 views  
YouTube Channel

155 members  
LinkedIn RECODE_Network Group

The Network funded five 
9-months feasibility studies 
12 UK Universities benefit  
from this funding

2500 people visit the 
RECODE Network website

Submitted and won  
14 wining funding 
proposals aligned 
to research activities 
conducted by the RECODE 
Network

1

Keynote sessions, industrial 
events (e.g. Manufacturer and 
the Positive Economy Forum) 
and academic conferences 

30 
SESSIONS

15 
EVENTS

2000 
PEOPLE

The RECODE 
Network was 
presented at international 
and national events

More than

More than
Including webinars,  
a hackathon, a sandpit and  
an international symposium.  
Over, 250 people attended  
RECODE events

PRODUCED 

10 
INFO- 

 GRAPHICS 

RECODE Network statistics

20 
VIDEOS 



Including webinars,  
a hackathon, a sandpit and  
an international symposium.  
Over, 250 people attended  
RECODE events

The RECODE Network was commissioned to develop an active and engaged community through 
which to identify, test and evaluate a multi-disciplinary vision and research agenda associated 
with the application of big data in the transition towards a re-distributed manufacturing model 
for consumer goods. Some of the key learning of the research conducted are:

•  The re-distribution of manufacturing for the consumer 
goods sector is in its infancy in a UK setting. However, 
there is significant evidence of big data being used to close 
the gap between the manufacturer and end-user.

•   It is still unclear if the re-distribution of manufacturing is 
driven by technology push or strategy pull. 

•  RdM needs to take into account not just the re-distribution 
of location of manufacturing, but also the re-distribution of 
the value chain, including the raw material, the distributors, 
and the end user.

• Our initial assumption was that the transformation to 
RdM was enabled by technology through bringing the end 
user closer to the manufacturer and through localisation. 
However, we learned that other dimensions such as legal, 
economic and environmental aspects need to be taken into 
account. 

• Re-distributed models of production and consumption need 
to align with a business model. However, maturity on this 
type of thinking differs between organisations.

• Technology is currently reaching a tipping point, specially 
in being used to capture big data to better understand 
users. However, this data is being use for merely marketing 
and commercial purposes. Through the research 
conducted, it was found that there is greater potential to 
use big data to improve product and service design as well 
as manufacturing processes. 

• The RECODE Network took an experimental approach 
through simulations, design and case study analysis 
looking at the potential re-distribution of the consumer 
goods sector. Through this experimental approach, we 
identified the factors that influence industry towards 
RdM. Some of these factors are: Competitive advantage, 
business case, and business model options, mapping 
the right actors and having the vision to make it happen, 
making data accessible, and investing on skill for 21st 
century manufacture and industry connectivity, amongst 
others. 

• Up to now there wasn’t an exemplar of all of the elements 
of RdM. With the Shoe Lab, our intention was to give 
a narrative of how RdM would look like. This narrative 
happened through explaining a new business model for 
the consumer goods sector. Having this as an exemplar 
helps us to map out the ecosystem of actors that would 
influence and make this happen.  

• SMEs are disruptors to enable RdM. However, they can 
threat established firms. For example, the Shoe Lab was 
conceptualised without involving a shoe manufacturer.

• SMEs are not capitalising on their own data and  
constantly have issues to access data. 

• Re-Distributed Manufacturing has the potential to not only 
change the economics and organisation of manufacturing 
with regard to location and scale but could radically 
transform the interrelationships between industry, 
technology and society as a whole!  

Key learning

5
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RECODE academic team

Dr Fiona Charnley 
Cranfield University

Fiona is the principal investigator of the EPSRC funded 
Network for Consumer Goods, Big Data and Re-Distributed 
Manufacturing which aims to develop a multi-disciplinary 
vision for the future of UK manufacturing (www.recode-
network.com). She is a Senior Lecturer in Circular 
Innovation within the Centre for Competitive Creative 
Design (C4D) at Cranfield University. Fiona has worked and 
published within the field of design for a circular economy 
(CE) since completing her PhD in Whole System Design. 
Fiona leads the university wide initiative at Cranfield to 
develop research and teaching programmes to support the 
transition towards CE and core team delivering the Schmidt- 
MacArthur Fellowship in collaboration with the Ellen 
MacArthur Foundation. Fiona has collaborated with multiple 
organisations of varying sizes across industry sectors to 
implement design for CE. Some of the organisations that 
Fiona has led research initiatives with include the Ellen 
MacArthur Foundation, Granta Design, Cisco, Dragon 
Rouge, BAE Systems, Rolls-Royce, Unilever and Environcom 
resulting in significant advances in transformational and 
closed loop models of design and manufacture.

f.j.charnley@cranfield.ac.uk

Dr Mariale Moreno 
Cranfield University

Mariale is an Academic Fellow in Data-Driven Innovation. 
Her work of research focuses on the interpretation and 
analysis of consumer data to foster innovation. She has 
led research activities in collaboration with Cisco, The 
Clearing, Philips and the Ellen MacArthur Foundation to 
find business opportunities by developing user-centred 
design interventions. In the past, she collaborated at the 
CIE-MAP Research Centre, an EUED inter-university research 
project between industry and academic partners looking 
at reducing materials and energy demand. She has also 
collaborated at the Royal Society of Arts and the Helen 
Hamlyn Centre for Design on topics around behavioural 
change.

m.moreno@cranfield.ac.uk
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Professor Ashutosh Tiwari 
Cranfield University

Ash is Professor of Manufacturing Informatics and Head 
of the Manufacturing Informatics Centre at Cranfield 
University. His research focuses on the application of 
informatics techniques to manufacturing technologies, 
processes and systems. Within this area, he has developed 
two novel internationally recognised research themes that 
focus on: (i) multi-objective optimisation of high-value 
manufacturing processes, such as wing manufacture 
and engine assembly, and (ii) application of gaming 
technologies to skill-intensive manufacturing. He is Fellow 
of the Institution of Mechanical Engineers (IMechE), Fellow 
of the Institution of Engineering and Technology (IET) and 
Fellow of the Higher Education Academy (HEA). He has 
produced 235 research publications including 93 refereed 
journal papers and 92 refereed conference papers. He has 
also successfully completed the supervision of 21 PhD/
EngD theses, 15 MSc by Research and MPhil theses, and 
73 MSc theses. He has developed a strong research track 
record by leading (as principal investigator) 8 Engineering 
and Physical Sciences Research Council (EPSRC) projects, 
4 Innovate UK projects, an Advanced Manufacturing Supply 
Chain Initiative (AMSCI) project, 3 projects funded by the 
EPSRC Centre for Innovative Manufacturing, 4 Knowledge 
Transfer Partnership (KTP) projects, a Low Carbon KEEP 
project, 23 PhD/EngD studentships and several  
MSc projects with industry.

a.tiwari@cranfield.ac.uk

Professor Charalampos (Harris) Makatsoris
Cranfield University

Harris is Professor of Manufacturing Operations in the 
Sustainable Manufacturing Systems Centre at Cranfield 
University. He has extensive expertise in process 
engineering, manufacturing systems, operations and 
control and has been developing A.I. controlled flow 
reactor systems for functional materials production for 
the last 10 years. His research combines an experimental 
and a computational/A.I. component and leads a 
multidisciplinary team with a ~£7m research portfolio, 
with a focus on the process and formulation industry. 
He is a Chartered Engineer, graduated Imperial College 
London with a Mechanical Engineering degree and a PhD 
in Manufacturing Systems. He has spent 20 years in both 
industry and academia with the best part in conceiving and 
managing integrated development or research projects. 
Harris has produced over 70 research outputs to date, 
including a book and peer reviewed journal and conference 
papers and holds three patents. He also has experience in 
technology transfer through commercialising technology 
he developed whilst researching manufacturing at Imperial 
College, via establishing spin out companies and is 
currently on the board as a non-executive in two overseas 
companies.

h.makatsoris@cranfield.ac.uk
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Professor Andy Neely
Cambridge University

Andy is Founding Director of the Cambridge Service 
Alliance and the Royal Academy of Engineering Professor 
of Complex Services. He is widely recognized for his 
work on the servitization of manufacturing, as well as his 
work on performance measurement and management. 
Previously he has held appointments at Cranfield 
University, London Business School, Cambridge University, 
where he was a Fellow of Churchill College, Nottingham 
University, where he completed his PhD and British 
Aerospace. He was Deputy Director of AIM Research – the 
UK’s management research initiative – from 2003 until 
2012 and was elected a Fellow of the Sunningdale Institute 
in 2005, a Fellow of the British Academy of Management in 
2007, an Academician of the Academy of Social Sciences 
in 2008, a Fellow of the European Operations Management 
Association in 2009 and President of the European 
Operations Management Association in 2013.

adn1000@cam.ac.uk

Dr Mohamed Zaki
Cambridge University

Mohamed is the Deputy Director at Cambridge Service 
Alliance, University of Cambridge. His principal research 
interests lie in the field of Big Data analytics and its impact 
on service science, customer experience and data-driven 
business model. Mohamed leads various research projects 
and investigate the role of big data analytics for making 
better business decisions within complex service network. 
He has a number of publications in highly ranked journals 
such as Journal of Service Research, as well as many 
proceedings in leading conferences.

mehyz2@cam.ac.uk
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Dr Charalampos (Babis) Theodoulidis
University of Manchester

Babis is an associate professor in Information 
Management at Alliance Manchester Business School, 
University of Manchester. He has published over 100 
refereed journal and conference articles and his research 
work (as Principal or Co-Investigator) has received funding 
of over £2m from UK and European public funding bodies 
and many private sector companies such as British 
Airways, New Look, B-Plan, NeuroSoft, Lloyd’s Register 
and Olympic Airlines. He has been the project manager for 
the IST project PARMENIDES (IST-2001-39023), a project 
with ten partners such as Unilever and the Greek Ministry 
of Defence and a budget of 3.5 million euro. Since April 
2015, he is a co-investigator of the EPSRC RECODE - Re-
Distributed Manufacturing, Consumer Goods and Big Data 
project to explore the use of big data to develop future 
models of distributed manufacturing within the context 
of consumer goods. His interests lie in the modelling, 
analysis and management of information with focus on the 
temporal and spatial aspects of information, the analysis 
of information using data and text mining techniques, the 
visualisation of information, and information management 
issues such as information retention, audit and ownership.

b.theodoulidis@manchester.ac.uk

Professor Philip Shapira
University of Manchester

Philip is Professor of Innovation, Management and Policy 
at the Manchester Institute of Innovation Research, 
Alliance Manchester Business School, University of 
Manchester, UK, and Professor of Public Policy at Georgia 
Institute of Technology, Atlanta, USA. His interests include 
science and innovation management and policy, emerging 
technologies assessment, industrial modernization, and 
policy evaluation. 

Philip is a director of the Manchester-Atlanta-
Beijing Innovation Co-Lab, co-director of the Georgia 
Manufacturing Survey, and Co-I and lead for Responsible 
Research and Innovation with the Manchester Research 
Centre for Synthetic Biology. He served as Chair of the US 
National Academies Panel on 21st Century Manufacturing: 
The Role of the Manufacturing Extension Partnership 
Program (2013). Philip is co-editor of the Handbook 
of Innovation Policy Impact (Edward Elgar Publishing, 
Cheltenham, 2016) and co-author of a chapter on 
institutions for technology diffusion in The Next Production 
Revolution: Implications for Governments and Business 
(OECD, 2017). He is a Fellow of the American Association 
for the Advancement of Science and a Fellow of the Royal 
Society of Arts.

pshapira@manchester.ac.uk
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RECODE steering group members

Dr Marcus Gover
Waste and Resources Action Programme (WRAP)

As one of WRAP’s Directors, he is responsible for leading 
WRAP’s work aimed at helping the UK move towards more 
sustainable approach to products and services. His teams 
at WRAP focus on:

•  Resource management - collecting and sorting priority  
   materials and products;
•  Manufactured goods - improving the sustainability of  
   clothing, textiles and electrical goods.

He has worked in the environment sector for over 25 years, 
in the UK and abroad. During this time, he has held a wide 
range of roles including managing a water engineering 
company, running an outsourced waste management 
operation and setting up an office in China. Prior to joining 
WRAP, he was the Commercial Director of a start-up 
renewable energy company.

Jules Hayward
Ellen MacArthur Foundation

Jules Hayward is the Lead for the Ellen MacArthur 
Foundation’s Education and Training programmes, working 
closely across the team to enable connections between 
Business & Government, Education & Training and Insight 
& Analysis. Jules’s work involves includes developing, 
supporting and managing corporate training initiatives, 
international work with schools and colleges, informal 
education programmes and a range of HE programmes 
including Pioneer, Partner and Network Universities.

Professor Graham Hillier  
Centre for Process Innovation (CPI)

Graham is the Director responsible for Strategy and Futures 
at the Centre for Process Innovation (CPI) and was until 
recently the first Chief Technical Officer (CTO) for the UK’s 
High Value Manufacturing Catapult. He has a Degree in 
Metallurgy, PhD from the University of Cambridge and an 
MBA. He is a Chartered Engineer, a Fellow of the Institute 
of Materials, Minerals and Mining and a Fellow of the 
Royal Society of Arts, Manufactures and Commerce. He 
is also a Visiting Professor at Teesside University. He is 
Director of the centre for Resource Efficient Manufacturing 
Systems which is a collaboration between the Institute for 
Manufacturing at the University of Cambridge, Teesside 
University and CPI.

He has a wide-ranging business background including 
recycling operations, new product development, business 
development and low carbon energy.  

Chair of the RECODE Network 
steering group 

Daniel Keely
Cisco

Daniel leads Cisco Industry for Change, an initiative 
for the development of technological ecosystems 
to grow and sustain global business; exploring and 
proving the value of emerging digital technologies, 
techniques and new ways of working across 
manufacturing, transport and energy industries.
Prior to joining Cisco, Daniel was an Associate Partner 
at IBM Business Consulting Services, where he spent 
10 years consulting to major clients in strategy & 
change, risk management and customer experience.
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RECODE steering group members

Lynne McGregor
Innovate UK

Lynne McGregor is a Lead Technologist in the Innovate 
UK High Value Manufacturing team focusing on the use 
of modelling, simulation, automation and control; flexible 
manufacturing technologies and approaches; methods 
to deal with risk and improve resilience in manufacturing; 
and energy generation, storage and management. Prior to 
this, Lynne spent 8 years at Imperial Innovations, providing 
incubation services for start-up companies, leading seed 
investment rounds, and serving on spin-out company 
boards, where she has also helped troubleshoot early stage 
challenges in these companies.  

Lynne’s background is in chemical engineering, with a 
degree from the University of Waterloo, Canada, and an 
MBA from London Business School.   
Lynne’s early career was spent in engineering companies 
like Stone & Webster (now Technip), ABB, and Aspentech, 
where she specialised in the areas of automation, advanced 
control, simulation and modelling. 

Clive Memmott
Greater Manchester Chamber of Commerce

Clive took up his appointment as Chief Executive of Greater 
Manchester Chamber of Commerce in September 2010. 
Prior to this he was a Director of Robinson Keane, the 
executive recruitment consultancy and held a number of 
non-executive directorships. He is a Director of the British 
Chambers of Commerce, Brockholes Enterprises Ltd (the 
award winning nature reserve), Business Finance Solutions, 
a Trustee of the National Football Museum and an advisor 
to the Board of the Manchester Growth Company. Clive 
also has a number of other advisory and non-executive 
positions and is a regular speaker and writer on a wide 
range ofbusiness issues. After qualifying as a lawyer, 
Clive enjoyed a successful career in the manufacturing 
industry holding senior positions in the Hepworth, Steetley 
and Redland Groups and as MD of Tate Access Floor 
Systems before becoming Chief Executive of Business Link 
Lancashire, a role he held for 8 years. He is an Honorary 
Research Fellow of the Lancaster University Management 
School and has co-authored a book on improving business 
performance through effective and practical employee 
engagement - “Growing your own Heroes”.

Nick Liddell
The Clearing

Nick leads the strategy team at The Clearing, an 
independent brand consultancy based in Clerkenwell. 
He has worked with an alphabet of the world’s greatest 
brands, including Amex, Guinness, Prada, Heinz, McLaren 
and Virgin. Nick is a published author and has contributed 
articles on branding, innovation and sustainability to The 
Huffington Post, ADMAP, Marketing and Marketing Week 
magazines.

Dr James Goddin
Granta Design

Dr. James Goddin is the Collaborative Programme Manager 
and team lead for collaborative research and development 
projects at Granta Design, the world’s leading materials 
information technology experts. Based in Cambridge, UK, 
James is a Fellow of the Institute of Materials, Minerals 
and Mining (IOM3), a Chartered Engineer and a Chartered 
Environmentalist. He represents Granta on various 
strategic industry and high level working groups, technical 
committees and standardization bodies within the materials 
domain in order to drive innovation, develop road-maps and 
shape new and emerging technologies  
in advanced engineering sectors.
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RECODE Network 
Big data ecosystem in Re-distributed 
Manufacturing (RdM) past and future 

Mohamed Zaki  
University of 
Cambridge
Babis Theodoulidis
University of 
Manchester 

Andy Neely
University of 
Cambridge 
Philip Shapira 
University of 
Manchester

Matthias Friedrich 
Tepel 
University of 
Cambridge

RECODE Network

The EPSRC-ESRC funded Network in 
Consumer Goods, Big Data and Re-Distributed 
Manufacturing (RECODE) has been created to 
develop an active and engaged community to 
identify, test and evaluate a multi-disciplinary 
vision and research agenda associated with the 
application of big data in the transition towards a 
Re-distributed Manufacturing model for consumer 
goods.

The exponential growth of available and 
potentially valuable data, often referred to as 
big data, is already facilitating transformational 
change across sectors and holds enormous 
potential to address many of the key challenges 
being faced by the manufacturing industry 
including increased scarcity of resources, 
diverse global markets and a trend towards mass 
customisation. The consumer goods industry, has 
remained largely unchanged and is characterised 
by mass manufacture through multi-national 
corporations and globally dispersed supply 
chains. The role of Re-distributed Manufacturing 
in this sector is often overlooked, yet there is 
great potential, when combined with timely 
advances in big data, to re-define the consumer 
goods industry by changing the economics and 
organisation of manufacturing, particularly with 
regard to location and scale.

The RECODE Network conducted five feasibility 
studies led by the academic core partners, 
steering group partners, and new partners 
who joined through the RECODE Sandpit on 
02-03 March 2016. A multidisciplinary team 
comprised of internationally renowned experts 
from University of Cambridge and University of 
Manchester and practicing industry leaders in 
the fields of manufacture, big data and consumer 
goods, were involved in the delivery of this 
feasibility study. 

RECODE has developed novel methods and 
undertaken innovative events to engage 
communities of academics, international 
experts, user groups, government and industrial 
organisations to define and scope a shared 
multi-disciplinary vision and research agenda. 
To find out more, visit our website: 
http://www.recode-network.com
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Several scholars and industrialists predict that 
manufacturing operations will become more 
geographically distributed in the future, which is 
driven by an increasing need for mass customisation 
and more sustainable production. The future is not 
going to be about stretched-out global supply chains 
connected to a web of distant giant factories. It’s 
about small, nimble manufacturing operations (Koten 
2013). This more local and smaller scale production 
trend will continue because it is driven by rising oil and 
transportation costs as well as new regulations for 
emissions and ongoing developments in the area of 
manufacturing processes (Livesey 2012).

Additional drivers towards a more distributed 
concept include sustainability, mass customisation, 
a democratization of design, market and customer 
proximity, well-aimed use of resources and regionalism 
(Matt et al. 2015). The sustainability aspect is based 
on the assumption that a decentralized network 
of mini-factories is likely to reduce emissions 
through a reduction of transport. The trend towards 
mass customisation can be identified through an 
increasing number of individual product variants and 
configurations. Additionally, mass customisation is 
becoming a more and more viable model for a broad 
range of different industries (Jiang et al. 2006). This 
requires flexible manufacturing systems that are able 
to produce small quantities, which is likely to happen in 
a distributed way (Matt et al. 2015).

This transformation is supported by technological 
advancements like additive manufacturing, 
autonomous robots, Internet-of-Things, big data etc. 
Recent reports and studies emphasize the crucial 
importance of technologies as enablers for distributed 
manufacturing. In this context information and 
communication technology, sensors, cloud computing, 
autonomous robotics, additive manufacturing, Internet-
of-Things and big data get mentioned by several 
authors (EEF 2015; Foresight 2013, Russmann 2015, 
Manyika 2011). For this reason, structures, processes 
and products are changing and become more 
differentiated and distributed (Spath et al. 2013).
As a result of these new supporting technologies and 
developments in the area of distributed manufacturing 
the EPSRC coined the term “Re-distributed 
Manufacturing” as technology, systems and strategies 
that change the economics and organisations of 
manufacturing, particularly with regard to location 
and scale” (Pearson et al. 2013). This feasibility study 
was initiated to investigate the big data impact on 
Re-distributed Manufacturing in the consumer goods 
industry. To scope this feasibility study, the concept 
of redistributed manufacturing was investigated as 
a phenomenon of geographical redistribution. This is 

described by a localized model of production in the 
previous definition of Re-distributed Manufacturing 
(RECODE 2013). Additionally, the study focus lies 
on manufacturing businesses and not peer-to-peer 
production (e.g. desktop fabrication with 3D printers), 
which has already received a lot of attention in recent 
literature (Kohtala 2014).

Therefore, a two-fold research design was used: 1) 
manufacturing configurations and their underlying 
drivers were analysed, 2) big data applications that 
could influence these configurations were researched. 
This was done by utilising a conceptual framework 
built from an extensive literature review and a 
qualitative research approach based on the analysis 
of 24 cases, which were generated from primary and 
secondary data.

The analysis of the study revealed that the existing 
manufacturing configurations and manufacturing 
processes were mostly found to be capable of 
providing products identified through market 
segmentation. However, related to big data 
applications, an increasing resolution of customer 
insights could allow insights to be extended to the 
level of the individual customer, which promotes 
mass customisation. A strong link between mass 
customisation and distributed manufacturing was 
identified in the literature and some cases, whereas 
manufacturing configurations, in general, were found 
to be still driven by the incentive to produce high 
volumes and cut costs. This explains the diverse 
standpoints regarding mass customisation and 
distributed manufacturing that emerged in the case 
analysis. These standpoints were highly related to 
decisions on a product level and pointed out that some 
specific industries like footwear and cosmetics are 
interesting in this context. Therefore, a coexistence of 
manufacturing concepts is likely and further research 
on an individual product level needs to investigate the 
feasibility and value of distributed manufacturing.

This report firstly introduces an extensive literature 
review in the following section. The review is followed 
by a conceptual framework and a section describing 
the study design. The last section illustrates the 
findings of the analysis and includes a discussion and 
conclusion.

Introduction
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Several scholars and industrialists predict that 
manufacturing operations will become more 
geographically distributed in the future, which is 
driven by an increasing need for mass customisation 
and more sustainable production. The future is not 
going to be about stretched-out global supply chains 
connected to a web of distant giant factories. It’s 
about small, nimble manufacturing operations (Koten 
2013). This more local and smaller scale production 
trend will continue because it is driven by rising oil and 
transportation costs as well as new regulations for 
emissions and ongoing developments in the area of 
manufacturing processes (Livesey 2012).

Additional drivers towards a more distributed 
concept include sustainability, mass customisation, 
a democratization of design, market and customer 
proximity, well-aimed use of resources and regionalism 
(Matt et al. 2015). The sustainability aspect is based 
on the assumption that a decentralized network 
of mini-factories is likely to reduce emissions 
through a reduction of transport. The trend towards 
mass customisation can be identified through an 
increasing number of individual product variants and 
configurations. Additionally, mass customisation is 
becoming a more and more viable model for a broad 
range of different industries (Jiang et al. 2006). This 
requires flexible manufacturing systems that are able 
to produce small quantities, which is likely to happen in 
a distributed way (Matt et al. 2015).

This transformation is supported by technological 
advancements like additive manufacturing, 
autonomous robots, Internet-of-Things, big data etc. 
Recent reports and studies emphasize the crucial 
importance of technologies as enablers for distributed 
manufacturing. In this context information and 
communication technology, sensors, cloud computing, 
autonomous robotics, additive manufacturing, Internet-
of-Things and big data get mentioned by several 
authors (EEF 2015; Foresight 2013, Russmann 2015, 
Manyika 2011). For this reason, structures, processes 
and products are changing and become more 
differentiated and distributed (Spath et al. 2013).
As a result of these new supporting technologies and 
developments in the area of distributed manufacturing 
the EPSRC coined the term “Re-distributed 
Manufacturing” as technology, systems and strategies 
that change the economics and organisations of 
manufacturing, particularly with regard to location 
and scale” (Pearson et al. 2013). This feasibility study 
was initiated to investigate the big data impact on 
Re-distributed Manufacturing in the consumer goods 
industry. To scope this feasibility study, the concept 
of redistributed manufacturing was investigated as 
a phenomenon of geographical redistribution. This is 

described by a localized model of production in the 
previous definition of Re-distributed Manufacturing 
(RECODE 2013). Additionally, the study focus lies 
on manufacturing businesses and not peer-to-peer 
production (e.g. desktop fabrication with 3D printers), 
which has already received a lot of attention in recent 
literature (Kohtala 2014).

Therefore, a two-fold research design was used: 1) 
manufacturing configurations and their underlying 
drivers were analysed, 2) big data applications that 
could influence these configurations were researched. 
This was done by utilising a conceptual framework 
built from an extensive literature review and a 
qualitative research approach based on the analysis 
of 24 cases, which were generated from primary and 
secondary data.

The analysis of the study revealed that the existing 
manufacturing configurations and manufacturing 
processes were mostly found to be capable of 
providing products identified through market 
segmentation. However, related to big data 
applications, an increasing resolution of customer 
insights could allow insights to be extended to the 
level of the individual customer, which promotes 
mass customisation. A strong link between mass 
customisation and distributed manufacturing was 
identified in the literature and some cases, whereas 
manufacturing configurations, in general, were found 
to be still driven by the incentive to produce high 
volumes and cut costs. This explains the diverse 
standpoints regarding mass customisation and 
distributed manufacturing that emerged in the case 
analysis. These standpoints were highly related to 
decisions on a product level and pointed out that some 
specific industries like footwear and cosmetics are 
interesting in this context. Therefore, a coexistence of 
manufacturing concepts is likely and further research 
on an individual product level needs to investigate the 
feasibility and value of distributed manufacturing.

This report firstly introduces an extensive literature 
review in the following section. The review is followed 
by a conceptual framework and a section describing 
the study design. The last section illustrates the 
findings of the analysis and includes a discussion and 
conclusion.

Introduction
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The review combines the areas of Re-distributed 
Manufacturing, big data and manufacturing 
configuration which incorporates distributed 
manufacturing and operations strategy. The first 
section deals with literature regarding Re-distributed 
Manufacturing. By defining the term Re-distributed 
Manufacturing, two main areas for investigation were 
identified: big data and a localised model of production. 
The second section describes literature regarding 
localised production. This literature is derived from 
distributed manufacturing and operations strategy 
research. The big data concept is introduced in the 
third section. Finally, these aforementioned literature 
streams are combined in a conceptual framework. 

Re-distributed Manufacturing
This section elaborates on the concept of 
Re-distributed Manufacturing, which the EPSRC coined 
as “technology, systems and strategies that change the 
economics and organisation of manufacturing, particularly 
with regard to location and scale.” (EPSRC 2014; Pearson 
et al. 2013). An additional definition illustrates 
Re-distributed Manufacturing as “a connected, localised 
and inclusive model of production and consumption that 
is driven by the exponential growth and embedded value 
of big data.” (RECODE 2013). These definitions show 
that there are several dimensions of redistribution 
(connected, localised and inclusive) and that the value 
of big data influences all of these dimensions.

The inclusive dimension, which is described as “an 
inclusive model of production and consumption” can 
be interpreted as a functional redistribution. This 
dimension is comparable to concepts of co-creation or 
co-production. Co-production refers to a “participation 
in the creation of the core offering itself”, while co-
creation represents a concept, which includes the idea 
that value can only be created with and determined by 
the user in the consumption process or through use” 
(Vargo and Lusch 2008). Value co-creation can occur 
with or without co-production. However, both of these 
concepts illustrate that the consumer is part of the 
value creation process. The term redistribution” in this 
context means a higher involvement of the consumer 
in the process of design or production.

Another dimension of Re-distributed Manufacturing 
is described by the localized model of production. 
This emphasizes a change in the location and 
geographical configuration of production facilities with 
a particular focus on production scale and distance 
from production to customer. The redistributed concept 
in this context implies a shift to smaller scale and 
more localised production (Pearson et al. 2013). This 
feasibility study focuses in particular on Re-distributed 
Manufacturing as a model of localised production. 

Manufacturing configuration  
The manufacturing configuration describes the 
second part of the two-sided literature review. The 
term manufacturing configuration, in the context of 
this study, incorporates literature streams around 
distributed manufacturing, facility strategy as well 
as literature, concerned with competitive priorities 
and advantages to understand the evolution towards 
distributed manufacturing.

Prior to the last half of the 19th century, manufacturing 
was dominated by handicraft, one-at-a-time production 
on an as-needed basis as well as rural dispersion rather 
than concentration (Pred 1966). The craft production 
was characterized by a highly skilled workforce, 
extremely decentralized organizations, the use of 
general purpose machines, a very low production 
volume as well as production to the individual’s specific 
needs and wants (Womack et al. 1990).

In the early 20th century, manufacturing businesses 
developed mostly as concentrated, urban phenomena 
which were based on significant labour and resource 
needs (power, water and materials) as well as proximity 
to major transportation systems (DeVor et al. 2012). 
However, the efficiencies of high-volume production on 
special-purpose machines came with the expense of 
flexibility (Piore and Sabel 1984).

In the mid-20th century, the markets were focused 
on growth, which was facilitated by the fact that 
the demand was previously higher than the supply. 
To sustain this growth, companies had to become 
international and tap into new markets. A side effect of 
this was an increasing international competition, based 
on price. This motivated a geographic shift of complete 
industries to low-cost countries like China (Bolwijn and 
Kumpe 1990; Young 1986).

Entering the last two decades of the 20th century 
the problem that mass production could no longer 
secure a workable match between the production 
and consumption of goods emerged (Doll and 
Vonderembse 1991; Piore and Sabel 1984). Combined 
with the empowerment of the individual, this would 
radically change the landscape of manufacturing 
(DeVor et al. 2012).

The concept of mass production and economies-of-
scale can still be successful in various traditional 
industries today (Jiang et al. 2006). However, numerous 
scholars (Kotha 1995; Vallas 1999) discussed the 
slowly emerging transformation from mass production 
to mass customisation as well as a shift from high-
scale mass production in a centralised factory toward 
small-batch customized production of high quality 
goods in more distributed facilities.

What we know: The past
Distributed manufacturing
When defining the term distributed manufacturing, the 
important characteristic is the geographical dispersion 
of its components. It describes a transformation 
away from conventional mass production, long 
and linear supply chains, economies-of-scale and 
centralising tendencies (Kohtala 2014). Investigating 
the term of distributed production several research 
streams were identified. One major literature stream 
is concerned with the collaboration and organization 
aspect of distributed production systems. This 
includes simulations as well as web-agent and cloud-
based manufacturing systems, which are driven by 
developments in the area of information and computer 
technologies (Saad et al. 2003; Valilai and Houshmand 
2013; Wu et al. 2014).

Another stream investigates distributed manufacturing 
in the context of alternative business models and 
opportunities for more socially beneficial and 
responsive production and consumption. In this 
context the notion of distributed economies promotes 
small-scale, flexible networks of local socio-economic 
actors using local resources according to local needs 
(Johansson et al. 2005).

It was also found that there is no consensus 
regarding the size of facilities when talking about 
distributed production. This literature stream (see 
Table 1) investigates distributed manufacturing as 
a phenomenon on a factory level, whereas another 
stream researches it in the context of smaller 
production units (desktop-level manufacturing). 
Research on distributed manufacturing on a 
desktop-level emerged recently which is caused 
by advancements in manufacturing technologies, 
especially 3D printing. In this context DeVor et al. 
(2012) highlight three use cases: manufacturing at the 
point-of-sale, manufacturing at the mall and personal 
manufacturing. A literature review done by Kohtala 
(2014) summarizes similar concepts with more focus 
on the consumer as a producer which brings desktop 
manufacturing closer to the theme of peer-to-peer 
production.

In the theme of personal fabrication, a producer makes 
his own artefacts (e.g. in a maker-space). This producer 
has full control over the design and production. The 
scale of facilities, volumes and equipment is usually 
very small (Kohtala 2014). Matt et al. (2015) described 
the evolution of distributed manufacturing models. 
They highlight among other concepts non-location-
bound factories and production laboratories which are 
comparable to the theme of desktop manufacturing. 
Another key characteristic of distributed manufacturing 
on a desktop-level is the blurring between production 
and consumption. Consumption may be instead 
referred to as “prosumption” and a customer may be a 
prosumer” (Toffler 1981), who also produces and not 
only consumes.

The second literature stream is described by 
distributed manufacturing on a factory-level. Here 
especially the themes of digital manufacturing 
(Industry 4.0), mass customisation and the ability 
to serve regional markets were highlighted. A 
decentralized configuration of smaller production 
facilities was directly linked with an automated, 
flexible, digital and smart production (Kohtala 2014; 
Matt et al. 2015; Spath et al. 2013). Butala et al. 
(2013) argue that companies need to be flexible 
to stay competitive in today’s global markets. To 
ensure flexible production and reduce time-to-market, 
companies should utilize geographically distributed 
manufacturing systems, wherein local resources are 
used for product development and production. The 
transformation towards small, flexible and scalable 
production units was often related to the need to full 
individual customer needs just-in-time. In this context, 
the term mass customisation emerged as a common 
theme. Bruccoleri et al. (2005) state that distributed 
production aims for more customer orientation as well 
as mass customisation.

The term mass customisation was first coined by 
Stan Davis (1989) as “companies try to reach the same 
large segment of customers in the mass market but by 
treating them individually like a customised market”. This 
definition got modified over time by several scholars. 
Pine (1993) emphasizes that a large variety of products 
with prices comparable to standard products are the 
main characteristics of mass customisation. Du et al. 
(2001) illustrate the concept of mass customisation 
with a more general definition as “the technologies and 
systems to deliver goods and services that meet individual 
customers’ needs with near mass production efficiency”.
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Distributed manufacturing
When defining the term distributed manufacturing, the 
important characteristic is the geographical dispersion 
of its components. It describes a transformation 
away from conventional mass production, long 
and linear supply chains, economies-of-scale and 
centralising tendencies (Kohtala 2014). Investigating 
the term of distributed production several research 
streams were identified. One major literature stream 
is concerned with the collaboration and organization 
aspect of distributed production systems. This 
includes simulations as well as web-agent and cloud-
based manufacturing systems, which are driven by 
developments in the area of information and computer 
technologies (Saad et al. 2003; Valilai and Houshmand 
2013; Wu et al. 2014).

Another stream investigates distributed manufacturing 
in the context of alternative business models and 
opportunities for more socially beneficial and 
responsive production and consumption. In this 
context the notion of distributed economies promotes 
small-scale, flexible networks of local socio-economic 
actors using local resources according to local needs 
(Johansson et al. 2005).

It was also found that there is no consensus 
regarding the size of facilities when talking about 
distributed production. This literature stream (see 
Table 1) investigates distributed manufacturing as 
a phenomenon on a factory level, whereas another 
stream researches it in the context of smaller 
production units (desktop-level manufacturing). 
Research on distributed manufacturing on a 
desktop-level emerged recently which is caused 
by advancements in manufacturing technologies, 
especially 3D printing. In this context DeVor et al. 
(2012) highlight three use cases: manufacturing at the 
point-of-sale, manufacturing at the mall and personal 
manufacturing. A literature review done by Kohtala 
(2014) summarizes similar concepts with more focus 
on the consumer as a producer which brings desktop 
manufacturing closer to the theme of peer-to-peer 
production.

In the theme of personal fabrication, a producer makes 
his own artefacts (e.g. in a maker-space). This producer 
has full control over the design and production. The 
scale of facilities, volumes and equipment is usually 
very small (Kohtala 2014). Matt et al. (2015) described 
the evolution of distributed manufacturing models. 
They highlight among other concepts non-location-
bound factories and production laboratories which are 
comparable to the theme of desktop manufacturing. 
Another key characteristic of distributed manufacturing 
on a desktop-level is the blurring between production 
and consumption. Consumption may be instead 
referred to as “prosumption” and a customer may be a 
prosumer” (Toffler 1981), who also produces and not 
only consumes.

The second literature stream is described by 
distributed manufacturing on a factory-level. Here 
especially the themes of digital manufacturing 
(Industry 4.0), mass customisation and the ability 
to serve regional markets were highlighted. A 
decentralized configuration of smaller production 
facilities was directly linked with an automated, 
flexible, digital and smart production (Kohtala 2014; 
Matt et al. 2015; Spath et al. 2013). Butala et al. 
(2013) argue that companies need to be flexible 
to stay competitive in today’s global markets. To 
ensure flexible production and reduce time-to-market, 
companies should utilize geographically distributed 
manufacturing systems, wherein local resources are 
used for product development and production. The 
transformation towards small, flexible and scalable 
production units was often related to the need to full 
individual customer needs just-in-time. In this context, 
the term mass customisation emerged as a common 
theme. Bruccoleri et al. (2005) state that distributed 
production aims for more customer orientation as well 
as mass customisation.

The term mass customisation was first coined by 
Stan Davis (1989) as “companies try to reach the same 
large segment of customers in the mass market but by 
treating them individually like a customised market”. This 
definition got modified over time by several scholars. 
Pine (1993) emphasizes that a large variety of products 
with prices comparable to standard products are the 
main characteristics of mass customisation. Du et al. 
(2001) illustrate the concept of mass customisation 
with a more general definition as “the technologies and 
systems to deliver goods and services that meet individual 
customers’ needs with near mass production efficiency”.
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Table 1 Different levels of distributed and decentralized manufacturing 

Factory-level Desktop-level

MacCormack [1994] Smaller, lower-scale plants serving 
demand in regional markets.

Bruccoleri et al. [2005] Distributed production aims for 
flexibility, agility and greater 
customer orientation as well as 
mass customisation.

Kühnle [2010] Simultaneous manufacturing 
presence in several regions to 
handle volatile market demands.

Spath et al. [2013] Industry 4.0; automated, flexible 
and decentralised production for 
small-batch series.

Matt [2013] Reconfigurable manufacturing 
systems for mass customisation 
operating in distributed facilities.

Matt et al. [2015] Flexible and reconfigurable factory, 
changeable and smart factory.

Non-location bound factories, 
manufacturing in production 
laboratories.

Kohtala [2014] Digital manufacturing (bespoke  
fabrication, mass customisation).

Peer-to-peer production (mass 
fabrication, personal fabrication).

DeVor et al. [2012] Manufacturing at the point-of-use, 
manufacturing at the mall, personal 
manufacturing.

Facility and capacity strategy
Facility strategy is a part of the operations strategy 
which is defined as “the total pattern of decisions that 
shape the capabilities of any type of operation and their 
contribution to overall strategy, through the reconciliation 
of market requirements with operations resources” 
(Slack and Lewis 2002). The facility strategy includes 
fundamental decisions, which have a huge impact on 
the firm’s competitive abilities. Decisions regarding 
capacity strategy include the capacity levels, the 
number of sites, the size of sites as well as the site 
location (Slack and Lewis 2002).

Typical ways, described in the literature, to assess 
facility decisions are based on assessment criteria or 
mathematical approaches (Chen et al. 2014). Either 
way, the economic performance respectively cost 
minimization and profit maximization has been the 
driver in most cases (Drezner and Hamacher 2002; 
Melo et al. (2009). In the context of facility strategy 
and cost reduction, the term economies-of-scale 
needs to be explained. Economies-of-scale are the 
cost advantages that businesses can leverage due to 
size, output or scale of their operations. This is due 
to the phenomenon that the cost per unit of output 
generally decreases with an increasing scale since the 
fixed costs are distributed over more units of output. 
Important dimensions that influence facility strategy 
can be summarized by the competitive priorities that 
are explained in the next section.

Competitive priorities and advantages
The competitive priorities get mentioned by several 
scholars in the context of manufacturing strategies. 
Sometimes they are also referred to as market 
requirements (Slack and Lewis 2002; Thun 2008). The 
competitive priorities were originally developed for the 
use in the Boston University Manufacturing Futures 
Survey (Miller and Vollman 1984). They investigate a 
firm’s competitiveness based on the dimensions of 
cost, quality, delivery and flexibility. These measures 
were used in several studies where they showed 
good reliability (Boyer 1998; Boyer and Lewis 2002; 
Schmenner and Swink 1998; Ward et al. 1998).

A focus on the cost dimension of facility locations 
results in reducing transportation, inventory, labour and 
process costs or increasing productivity. If the focus 
lies on quality, the workforce and the suppliers as well 
as offering consistent high performance and quality 
products get more important. Focusing on delivery 
requires shorter times-to-market and lead-times as 
well as closeness to the customer which potentially 
also changes the production processes and skills. 
However, a business that is based on flexibility is also 
likely to be close to the customer and employ special 
production technologies. Flexibility can include abilities 
like making rapid design changes, adjusting capacity 

quickly, making rapid volume changes and offering a 
large number of product features and a high degree of 
product variety (Boyer and Pagell 2000; MacCormack 
1994). Competitive advantage is considered as an 
additional factor that influence facility strategy 
Porter (2008). According to Porter, a firm can gain a 
competitive advantage by following one of the three 
generic strategies: lowest cost, differentiation or focus.

Value creation in big data
To identify the impact that big data can have on 
manufacturing businesses, especially manufacturing 
configurations, possible methods of value creation 
need to be investigated. This approach is aligned with 
the definition of Re-distributed Manufacturing which 
highlights that “a transformation is driven by the [...] value 
of big data.” (RECODE 2013). To bring different types of 
value creation into one taxonomy, big data applications 
are handled similarly to business model concepts. 
This approach was used by Hartmann et al. (2014) to 
describe so-called data-driven business models. In the 
context of this study, selected sections of the data-
driven business model concept like data sources, key 
activities and offerings will be discussed to identify 
different types of value creation.

The amount of data sources is expanding rapidly by 
several phenomena. One phenomenon in this context is 
the widespread diffusion and adoption of social media 
platforms and mobile devices. In 2011, already 4 billion 
mobile-phone users were identified worldwide and 
the number is increasing (Fosso Wamba et al. 2015). 
Another phenomenon responsible for the growth is the 
Internet-of-Things (e.g. RFID technology). RFID-enabled 
item tagging is expected to generate a huge amount of 
data across the value chain of all industries (Ngai et al. 
2012). The number of RFID tags rose from 1.3 billion in 
2005 to about 30 billion in 2013, which also represents 
the increasing speed in data generation (Fosso Wamba 
et al. 2015).

Focusing on different types of data sources, Manyika 
(2011) identifies sensors, devices embedded into the 
internet, smart meters, RFID as well as transactional 
databases, collaborative product development 
databases (CAD, CAM, digital manufacturing), 
social media, customer feedback and point-of-sales 
data. Choudhary et al. (2009) mention database 
management systems and data warehouses (product/
process design, assembly, materials planning, quality 
control, scheduling, maintenance, fault detection) as 
possible data sources.

There are several studies highlighting the benefits of 
big data (Fosso Wamba et al. 2015) but a taxonomy 
for various data sources is missing. For the purpose 
of this feasibility study, the terms of internal and 
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Facility and capacity strategy
Facility strategy is a part of the operations strategy 
which is defined as “the total pattern of decisions that 
shape the capabilities of any type of operation and their 
contribution to overall strategy, through the reconciliation 
of market requirements with operations resources” 
(Slack and Lewis 2002). The facility strategy includes 
fundamental decisions, which have a huge impact on 
the firm’s competitive abilities. Decisions regarding 
capacity strategy include the capacity levels, the 
number of sites, the size of sites as well as the site 
location (Slack and Lewis 2002).

Typical ways, described in the literature, to assess 
facility decisions are based on assessment criteria or 
mathematical approaches (Chen et al. 2014). Either 
way, the economic performance respectively cost 
minimization and profit maximization has been the 
driver in most cases (Drezner and Hamacher 2002; 
Melo et al. (2009). In the context of facility strategy 
and cost reduction, the term economies-of-scale 
needs to be explained. Economies-of-scale are the 
cost advantages that businesses can leverage due to 
size, output or scale of their operations. This is due 
to the phenomenon that the cost per unit of output 
generally decreases with an increasing scale since the 
fixed costs are distributed over more units of output. 
Important dimensions that influence facility strategy 
can be summarized by the competitive priorities that 
are explained in the next section.

Competitive priorities and advantages
The competitive priorities get mentioned by several 
scholars in the context of manufacturing strategies. 
Sometimes they are also referred to as market 
requirements (Slack and Lewis 2002; Thun 2008). The 
competitive priorities were originally developed for the 
use in the Boston University Manufacturing Futures 
Survey (Miller and Vollman 1984). They investigate a 
firm’s competitiveness based on the dimensions of 
cost, quality, delivery and flexibility. These measures 
were used in several studies where they showed 
good reliability (Boyer 1998; Boyer and Lewis 2002; 
Schmenner and Swink 1998; Ward et al. 1998).

A focus on the cost dimension of facility locations 
results in reducing transportation, inventory, labour and 
process costs or increasing productivity. If the focus 
lies on quality, the workforce and the suppliers as well 
as offering consistent high performance and quality 
products get more important. Focusing on delivery 
requires shorter times-to-market and lead-times as 
well as closeness to the customer which potentially 
also changes the production processes and skills. 
However, a business that is based on flexibility is also 
likely to be close to the customer and employ special 
production technologies. Flexibility can include abilities 
like making rapid design changes, adjusting capacity 

quickly, making rapid volume changes and offering a 
large number of product features and a high degree of 
product variety (Boyer and Pagell 2000; MacCormack 
1994). Competitive advantage is considered as an 
additional factor that influence facility strategy 
Porter (2008). According to Porter, a firm can gain a 
competitive advantage by following one of the three 
generic strategies: lowest cost, differentiation or focus.

Value creation in big data
To identify the impact that big data can have on 
manufacturing businesses, especially manufacturing 
configurations, possible methods of value creation 
need to be investigated. This approach is aligned with 
the definition of Re-distributed Manufacturing which 
highlights that “a transformation is driven by the [...] value 
of big data.” (RECODE 2013). To bring different types of 
value creation into one taxonomy, big data applications 
are handled similarly to business model concepts. 
This approach was used by Hartmann et al. (2014) to 
describe so-called data-driven business models. In the 
context of this study, selected sections of the data-
driven business model concept like data sources, key 
activities and offerings will be discussed to identify 
different types of value creation.

The amount of data sources is expanding rapidly by 
several phenomena. One phenomenon in this context is 
the widespread diffusion and adoption of social media 
platforms and mobile devices. In 2011, already 4 billion 
mobile-phone users were identified worldwide and 
the number is increasing (Fosso Wamba et al. 2015). 
Another phenomenon responsible for the growth is the 
Internet-of-Things (e.g. RFID technology). RFID-enabled 
item tagging is expected to generate a huge amount of 
data across the value chain of all industries (Ngai et al. 
2012). The number of RFID tags rose from 1.3 billion in 
2005 to about 30 billion in 2013, which also represents 
the increasing speed in data generation (Fosso Wamba 
et al. 2015).

Focusing on different types of data sources, Manyika 
(2011) identifies sensors, devices embedded into the 
internet, smart meters, RFID as well as transactional 
databases, collaborative product development 
databases (CAD, CAM, digital manufacturing), 
social media, customer feedback and point-of-sales 
data. Choudhary et al. (2009) mention database 
management systems and data warehouses (product/
process design, assembly, materials planning, quality 
control, scheduling, maintenance, fault detection) as 
possible data sources.

There are several studies highlighting the benefits of 
big data (Fosso Wamba et al. 2015) but a taxonomy 
for various data sources is missing. For the purpose 
of this feasibility study, the terms of internal and 
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external data are used. Hartmann et al. (2014) used a 
similar approach to investigate data-driven business 
models. Internal data relates to data, focusing on 
the manufacturing and business side, whereas 
external data focuses on the consumer side and the 
environment.

The different types of data activities include concept 
description (characterization and discrimination), 
association, classification, clustering and prediction. 
This taxonomy is used by Choudhary et al. (2009) to 
analyse data mining in the manufacturing context. 
Hartmann et al. (2014), on the other hand, define 
the following key activities: data generation, data 
acquisition, processing, aggregation, analytics 
(descriptive, predictive, prescriptive), visualization 
and distribution. Whereas this taxonomy is suitable to 
analyse data-driven business models in the context 
of big data startups, it needs to be adjusted for the 
established consumer goods industry.

Tapadinhas (2014) introduces an “analytics 
continuum”, which describes that different types of 
analytics like descriptive, diagnostic, predictive and 
prescriptive involve a different amount of human input 
until decisions or actions can be made. Descriptive 
analytics describe what happened and need an intense 
human input until a decision can be made. Diagnostic 
analytics describe why it happened. Predictive 
analytics state, what will happen and need less human 
input. Prescriptive analytics tell you, what you should 
do, which could also lead to automated decisions.
Choudhary et al. (2009) identify several data users of 
big data applications in the manufacturing context: 
quality control, job shop scheduling, fault diagnostics, 
manufacturing process, manufacturing system, 
maintenance, condition based monitoring, design, 
supply chain, decision support and customer relations 
management.

Table 2 Various data sources and data types in the big data environment 
(noninclusive list; Choudhary et al. 2009; Fosso Wamba et al. 2015; Manyika 2011)

Internal
(business environment)

External
(consumer environment)

Data source Internet-of-Things, Industry 4.0, sensors, 
smart meters, RFID, business apps (ERP).

Internet-of-Things, social media, 
mobile devices, public web, point-of-sales.

Data type Product/process design, assembly, 
materials planning, quality control, 
scheduling, maintenance, fault detection.

Usage data, point-of-sales data, 
customer feedback, social media data.

This framework was developed out of the 
aforementioned literature review. The aim of the 
framework is to provide a basis for the impact of big 
data ecosystem in Re-distributed Manufacturing. 
The framework incorporates two sides: the big 
data side and the side regarding the manufacturing 
configuration. The conceptual framework is illustrated 
in Figure 1.

The big data side is shown in the bottom part of the 
framework. It is derived from the considerations 
regarding value creation in big data. Comparable to 
business models the framework incorporates key 
resources (data sources), key activities (data activities) 
and a customer (data users). The data sources are 
divided into internal data sources that are focused on 
the manufacturing side and external sources that are 
focused on the consumer respectively the environment. 
The data activities include different types of analytics, 
and the data user is part of the value chain. This also 
describes that the focus lies on internal data users and 
not for example data monetization.

The upper part of the framework is concerned with the 
manufacturing configuration.

To analyse the manufacturing configuration, different 
literature streams were combined. The first one is 
competitive advantage, which divides companies into 
ones competing over price respectively differentiation. 
The next part highlights the competitive priorities. 
These are used to illustrate manufacturing decisions in 
a simple and powerful way. The last part incorporates 
the facility strategy. This part represents the degree 
of distribution, the closeness from production to 
the customer and the production scale. If there is a 
transformation towards distributed manufacturing,  
the facility strategy will illustrate it.

Conceptual framework 

Figure 1 Conceptual framework to investigate the impact of big data on the 
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This feasibility study used an exploratory and 
descriptive approach. Multiple-case studies were 
undertaken in order to effectively investigate 
the impact of a specific concept (Re-distributed 
Manufacturing) through a whole industry sector 
(consumer goods), to uncover findings that were 
reliable and generalisable. Stebbins (2001) states 
that to understand any phenomenon, it is necessary 
to start looking at it in broad, non-specialized terms. 
Multiple cases enhance the reliability of the findings 
and minimise the observer bias (Voss et al. 2002). 
The embedded approach is suitable because there 
are different units of analysis within the cases 
(manufacturing configuration and big data application). 
The downside of a multiple-case approach is that more 
resources are needed and it is likely to provide less 
depth per case (Voss et al. 2002).

The feasibility study explored a broad context by 
stating to investigate the consumer goods sector. 
Following Yin (2013) and a similar study conducted 
by DuBois et al. (1993), industries and case studies 
were chosen according to specific criteria. Similar 
to the study from DuBois et al. (1993) the industries 
were chosen to provide a distinct contrast in terms 
of the characteristics of the products manufactured, 

major type of market served, product life cycles, 
and technological intensity. With this approach, the 
following five industries were selected: food products, 
soft drinks, personal products, clothing and consumer 
electronics (taxonomy by the Financial Times).
 
To screen for appropriate case studies, a criterion-
based sampling approach was used (Miles and 
Huberman 1994). In total 100 cases (20 cases per 
industry) were generated from secondary data and 
screened for their manufacturing configuration and 
big data applications. Similar to studies from Kujawa 
(1983) and Pettigrew et al. (1988) cases were selected 
to represent extreme situations and polar opposites 
which make relationships more obvious. Voss et 
al. (2002) argue that a diverse snapshot facilitates 
examination. The case choices were based on 
conceptual grounds and not on representative grounds 
(Miles and Huberman 1994). The number of cases 
per industry is based on findings from Eisenhardt 
(1989) who states that a number between 4 and 10 
works well. Therefore, the resulting sample of cases 
includes 4 to 6 cases per industry. Considering all of 
the abovementioned, a final sample of 24 cases was 
created, which is illustrated in Table 3.

Methodology: Case studies 

Table 3 Summary of 
the cases from the 
selected industries 
(food products, soft 
drinks, personal 
products, clothing 
and consumer 
electronics). By 
request of the 
interviewees, 
the cases with 
primary data were 
anonymised

Case Products Rev. [USD] Interviewees

Case F1 Snacks (Crisps & Chips) <50mn Business Development

Case F2 Dairy, Biscuits & Confectionery 35bn Supply Chain Manager EU

Case F3 Snacks & Soft Drinks 66bn Process Supervisor

Case F4 Food & Soft Drinks 94bn Development Project Manager

Case F5 Mineral Water 440mn Process Controller

Case F6 Fresh Food & Soft Drinks 1.2bn Member of Executive Board

Case F7 Food, Soft Drinks & Personal Care 48bn Research Engineer, R&D Director

Coca-Cola Soft Drinks 47bn

Red Bull Soft Drinks 6bn

Danone Water & Dairy Products 21bn

Case P1 Personal Care (from standard to exclusive) 25bn General Manager, Supply Planning Expert

Case P2 Premium Cosmetics 27bn Supply Chain Planner

Procter & Gamble Personal Care 83bn

Nivea Personal Care 7bn

Case C1 Clothes <100bn Director

Case C2 Clothes <200mn Pattern Designer

Case C3 Premium Clothes 3bn Model Maker Assistant

Case C4 Sportswear 16bn Director Operations

Zara Clothes 13bn

Metersbonwe Clothes 1.6bn

Case E1 Consumer Electronics 25bn Director Product

Case E2 Consumer Electronics 24bn Manufacturing Director

Motorola Consumer Electronics 9bn

Apple Consumer Electronics 183bn

The case studies analyse the current manufacturing 
configuration in different consumer goods industries, 
and by which criteria the configuration is motivated. 
Furthermore, the big data analytics used currently 
and in the future, and how this  could affect the 
manufacturing configuration. This research used 
interviews (see Table 3) and secondary data as 
data sources. To collect primary data more than 
80 people were contacted which resulted in a total 
of 17 interviews. The interviews were designed in 
a standardized way with open-ended questions 
(Turner 2010). The questions covered the topics of 
manufacturing configuration and big data applications 
according to the conceptual framework as well as the 
likely evolution of these two areas. The interviews were 
recorded and transcribed to enable further software-
based analysis. Secondary data was derived from 
several sources including the Passport database (from 
Euromonitor International), news articles, company 
websites and annual reports.

This section presents the findings of the case 
study analysis in two sections. The first section 
provides an industry-specific analysis that focuses 
on the manufacturing configuration and big data 
applications of cases in the same industry. This 
section is used to give a snapshot of the current 
situation in several consumer goods industries. The 
second section illustrates a cross-industry analysis 
that reveals common propositions related to big data 
and distributed manufacturing as well as their likely 
evolution.

Industry-specific analysis 
The industry-specific analysis is divided into the 
sections fast moving consumer goods, clothing and 
consumer electronics. This classification is motivated 
by similar manufacturing configurations within these 
groups.

Fast moving consumer goods: Manufacturing 
configuration (price) 
This section consists of cases from the food, soft drink 
and personal care industry, which mainly compete 
over price. Through the analysis, it was found that the 
manufacturing configuration firstly depends on the 
product itself.

“The manufacturing configuration highly depends on 
sourcing strategies on a product level. There is not one 
single model because it is a highly dynamic environment. 
Markets and customers change dramatically – [R&D 
Director, Case F].

However, it was possible to identify a common 
understanding of how the manufacturing configuration 
in this case group is determined. In most of the cases, 
decisions about manufacturing configuration were 
mainly based on the cost dimension, especially on 
lowering the landed cost. This meant for most cases to 
operate the lowest number of facilities possible:

“Having 15 countries it makes no sense to have 15 
factories. We will have the lowest number of factories 
possible to give us the lowest landed cost across Europe. 
Then we can leverage scale...” – [Supply Chain Manager 
EU, Case F2].

“We have many fixed assets on the ground so we need 
to maximize the operational efficiency. Volume and 
throughput through these assets are ‘key’.” – [R&D 
Director, Case F7].

Analysis and findings 
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This shows the importance of cost as a main 
competitive priority and driver for manufacturing 
decisions. The ability to operate fewer facilities allows 
investments in state-of-the-art equipment and efficient 
processes. Additionally, high production volumes 
were mentioned as essential in almost every case 
to cut down production costs. The dimensions of 
quality, delivery and flexibility were mostly described 
as company standards but with less influence on a 
manufacturing configuration.

Investigating the existing degree of distribution and 
facility strategy, it was found that in all cases the scope 
of a factory varied between country and continent level. 
For example, in Case F2 80% of the production for dairy 
products is distributed to five factories in Europe which 
shows a distribution on a country and continent level. 
Another example is Case F1 where snack products are 
produced with a country scope, which is driven by the 
idea to lower transportation costs.

Fast moving consumer goods: Manufacturing 
configuration (differentiation)
In Case P1 and Case P2, the investigated products 
include premium cosmetics. In these cases, a premium 
product brand justifies the production location and a 
bigger scope for one factory.

“The production location is a key element of the brand 
identity and valued by the customers.” – [Supply Chain 
Planner, Case P2].

“The manufacturing configuration is depending on the 
channel-to-market and the exclusivity of the product. [...] 
But for our luxury products: They are produced only in one 
factory in France.” – [General Manager, Case P1].

The previous cases illustrate a tendency towards 
centralisation. However, Red Bull, which is also 
classified as competing over differentiation, recently 
distributed their production configuration. In previous 
years Red Bull only produced centralized in Austria. 
They stated that the centralised production brings 
benefits like a guarantee for the same quality 
worldwide, very efficient production facilities and the 
ability to reduce the carbon footprint. However, recently 
they opened another factory in Brazil which is mainly 
driven by cost considerations. These cases show that 
redistribution is unlikely for some premium products, 
but there is an increasing cost pressure which can 
challenge a centralised model of production.

Fast moving consumer goods: Big data 
applications
Within the FMCG cases, an intense use of big data 
applications was identified. The applications focused 
especially on external data sources with the aim to 
better engage with the customer and to understand 
customer preferences, which made the design and 
marketing departments the main data users.

“People recognize that big data is necessary. [...] certainly 
big data is used as a way to better understand market 
dynamics.” – [R&D Director, Case F7].

An example to illustrate the power of big data in the 
context of market insights is provided by Danone. 
Danone uses analytics to compare a variety of sales 
data which also includes data from competitors. By 
analysing the data, they were able to identify increasing 
sales of one specific Greek yoghurt in the US. These 
insights enabled the company to produce and deliver 
the right products for the right shopper. With predictive 
analytics, Danone increased its forecast accuracy from 
70% to 98%. This is enabled by data from a two-year 
history of purchases which includes seasonalities as 
well as additional data from trends and promotions 
combined with sophisticated algorithms to project 
forward. As illustrated in the previous case, the ability 
to understand the customer can often be directly 
related to the ability to forecast demand:

“You cannot be left in a situation where shelf space is 
empty and consumers cannot buy your product. How you 
are able to respond to that will be key in a quite volatile 
and changing world. [...] Big data could be one answer.” – 
[R&D Director, Case F7].

Focusing more on the manufacturing side, another 
case of intense big data use is provided by Coca-Cola. 
They developed an algorithm called “Black Book” 
which ensures that the consumer gets orange juice 
with a consistent taste 12 months a year, even though 
the main growing season of oranges only lasts three 
months. The algorithm helps to get the right mix of 
ingredients based on an analysis of up to 1 quintillion 
decision variables and diverse data inputs like orange 
sweetness, consumer preference as well as weather 
patterns. Through all the cases of multinational 
companies in this group, an intense use of big data 
was identified. Especially, applications with customer-
focused data (external data) were in place. Companies 
that mainly compete over price try to differentiate 
themselves from the competitors by using big data to 
understand the customer and engage with him.
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Clothing: Manufacturing configuration 
(cost savings and shorter time-to-market) 
For the investigated cases, it was found that the 
manufacturing configuration within a case is always 
a mix between sourcing from local suppliers and 
sourcing from factories in Asia. Within the cases, this 
mix varied extremely:

“In our production more than 90% of the items are sourced 
globally [which means from Asia]. The rest is produced in 
Turkey or North Africa.” – [Director Operations, Case C4].

“80% of the production is done in Europe. We operate 
for example an own factory in Turkey.” – [Model Maker 
Assistant, Case C3].

This was different several years ago, when many 
clothing brands, motivated by the incentive to 
cut costs, transferred their production to low-
cost countries like China or Bangladesh. Despite 
advancements in process technology in the past, the 
clothing industry is still an industry that is heavily 
dependent on labour and non-automated processes as 
well as mass production.

“Volume is ‘king’ in the fashion industry because 
‘economies-of-scale’ are a big factor in sewing operations.” 
– [Director, Case C1].

However, there is a trend for European brands to 
shift a part from their production from Asian low-
cost countries to low-cost countries in Europe. This 
is motivated by cost savings, shorter time-to-market, 
local expertise and closeness between design and 
production:

“In the realm of fashion the near-shoring trend is definitely 
motivated by costs benefits. [...] Another benefit is, of 
course, a shorter time-to-market.” [Director, Case C1].

“It is important to have a short distance between 
production and design. This improves quality and 
flexibility...” – [Pattern Designer, Case C2].

“Products that you need to get with a short time-to-
market as a replenishment or for quick reactions to trends 
are sourced locally. [...] Also the product expertise of a 
producer can influence the sourcing decision.” – [Director 
Operations, Case C4].

The ability to have a shorter time-to-market can 
normally only be utilized with smaller batches, which 
do not describe the main part of the business for most 
fashion companies. However, in the case of Zara the 
focus lies on fast small quantity batch production, 
which is sourced from Spain, Portugal and Morocco. 
This costs more, but it shortens the supply chain and 
enables Zara to react quickly. The Zara case shows 

that a quick response to the market is possible, but 
this is not only due to the closeness to the market. 
The internal structures are important as well. They 
need to be streamlined for the so-called “fast-fashion” 
model. In Case C4, they imitate this model with another 
manufacturing configuration. They use their 10% of 
local production capacity to quickly bring “fresh” looks 
into the stores. These new looks get more marketing 
attention which makes the whole retail store seem 
fresh whereas most of the products are standard and 
still sourced from Asia.

The investigation of manufacturing configurations 
showed a diverse mix of sourcing models. It was 
found that some of the manufacturing moved closer 
to the customer, which was motivated mainly by cost 
savings and secondarily by a shorter time-to-market. 
Additionally, it is important to mention that processes 
are less automated and highly depend on labour.

Clothing industry: Big data application  
There were diverse standpoints about big data 
applications identified in the fashion industry. Whereas 
some cases based on secondary data highlighted the 
intense usage of big data, other cases that were based 
on primary data showed another picture:

“The fashion industry is in general not one of the most 
modern industries. Partly firms work with very old 
[computer] systems. Many of these systems are house 
made and developed in the 80s and 90s. [...] The finding 
that something needs to be done is there. [...] But many of 
the back-end systems need to be updated or exchanged 
first.” – [Director, Case C1].

“We work less with big data and social media to generate 
trends for the production. [...] Some trends are generated 
from employee feedback in stores.” – [Director Operations, 
Case C4].

It was identified that having access to the point-of-
sales data is crucial. This data is used either way 
to still enable sourcing from Asia through better 
forecasting or to produce more local and react faster to 
trends.

“[A sportswear producer] opened their own retail stores 
to get more feedback from the market. The feedback was 
not used to shorten production cycles, but to improve 
forecasting. This enabled them again to order clothes from 
Asia.” – [Director, Case C1].

Zara uses their point-of-sales data differently by 
focusing on speedy small quantity batch production 
with a market-responsive supply chain. For this, they 
intensively utilize their information systems which are 
fed by point-of-sales data and social media data to 
get the newest trends. Zara owns most of their supply 
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chain which also includes the retail stores. This brings 
the advantage of having direct access to customer-
related data. Metersbonwe tried to copy this model, 
but they faced the problem that 74% of their stores 
were franchises, which made the acquisition of point-
of-sales data more difficult and brought them critical 
inventory issues. Similar to the Zara case, big data 
applications are used to find ways to the customer, 
which could include targeted marketing campaigns, 
new product development or better customer 
engagement:

“[Fashion companies] are using big data to generate 
targeted marketing campaigns and targeted offers. [...] 
In the area of marketing as well as for the purpose of 
segmentation and classification of customers’ big data 
is important. Because the competition over price is at the 
limit big data is used to find other ways to the customer. 
[...] I see big data mostly used in the context of customer 
engagement.” – [Director, Case C1].

The investigations showed the importance of point-
of-sales data in the fashion industry. Additionally, 
it was highlighted that the adoption of big data 
applications in this industry is controversial. Whereas 
some companies like Zara use big data to forecast 
the newest trends and engage with their customers, 
there are also companies that still employ decade old 
computer systems. However, it was observed for the 
investigated cases that an intense use of big data for 
the purpose of new product designs can be related to a 
local production whereas the decision for a more local 
manufacturing is often driven by other factors  
like costs.

Consumer electronics: Manufacturing 
configuration (price)
For the observed cases in the consumer electronics 
industry, it was found that most of the production is 
still centralised. Like in previous industries economies 
of- scale and high volumes are an important factor in 
manufacturing decisions.

“For the most part [the production] is centralised. [...] The 
centralized model is used to employ economies-of-scale 
and to have high volumes, which gets the price down. [...] 
Mainly the cost factor is determining how the strategy is 
looking like.” – [Director Product, Case E1].

Looking at centralised production models, the location 
itself is always important. For example, Apple invested 
100 million USD in Texas to build a production line for 
a premium computer. They were able to produce locally 
because they compete over differentiation and sell 
their product for a premium price. In another case that 
is provided by Motorola, the strategy to produce in the 
US was not successful. In May 2013, Motorola opened 
a smartphone production in Texas with volumes of 

100.000 phones a week. They produced a phone 
which was focused on personalisation rather than 
high-end specifications. The focus on personalisation 
motivated the decision to produce in the US, despite 
the fact that production is more expensive. However, 
after less than two years the production was moved 
from the US to China and Brazil because of weak sales 
and high manufacturing costs. In this industry, the 
production seems more static compared to previous 
industries. Manufacturing decisions are based on cost 
savings which promote a centralised and high-volume 
production model.

Consumer electronics: Big data application
In contrast to previously described big data 
applications, a new use case emerged in the consumer 
electronics industry. Here the product itself can 
become a data source which was not the case in the 
previously described industries. This enables better 
customer insights:

“We are still striving to use big data for customer insights. 
[...] We are analysing how the consumer uses our 
products. In the analysis, we can see for example regional 
differences in the use. [...] In the long term a big data 
application could be to offer the consumer exactly the 
product they need, based on their usage data. So we can 
tell them: According to our knowledge you may be happier 
with this product.” – [Director Product, Case E1].

Like previously described, better insights can lead to 
new offerings or even customised products. However, 
other big data applications are similar to the previously 
discussed industries. The concept is used in marketing, 
supply chain planning or directly in the manufacturing:

“We have people in supply chain employing big data. I 
don’t necessarily think that this is a big data problem. [...] 
We also use big data in marketing, which also includes 
analysing social media data”. – [Director Product, Case 
E1].

“Use cases are to find root causes and to do preventive 
maintenance. [...] It is improving the quality and cost 
dimension of manufacturing.” – [Manufacturing Director, 
Case E2].

The analysis of the consumer electronics industry 
revealed interesting possibilities for big data 
applications. The products can be used as direct data 
sources which bring the manufacturers high-quality 
user data and insights for more customized products.
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This section brings the findings from the multiple-case 
analysis together with existing literature. The industry 
specific analysis revealed a tendency to operate as few 
factories as possible. This enables the ability to utilize 
state-of-the-art technology and produce high volumes, 
which will cut costs through economies-of-scale. This 
finding is aligned with previous studies that underline 
the economic factor in facility decisions (Chen et al. 
2014; Drezner and Hamacher 2002; Melo et al. 2009). 
Big data applications can be supporting functions in 
a shift towards distributed manufacturing. Decisions 
regarding facility strategy were identified to mostly 
depend on the cost dimension.

Industries such as fast moving consumer goods and 
some fashion businesses, which are competing over 
price, showed an intense use of big data analytics. 
Mostly customer-focused data (previously defined 
as external data) was used, and big data was seen 
as a new way to reach and engage with customers. 
The combination of data sources, speed through real-
time insights as well as market segmentation for new 
products. The ability to segment the market could have 
an impact on manufacturing configurations, especially 
when the resolution of customer insights increases 
even more, which would promote mass customised 
products. However, these industries face challenges 
like cost and skill barriers for adopting big data 
analytics, getting access to data, as well as choosing 
right combinations of data sources to get valuable 
insights.

The theme of mass customisation reveals 
diverse standpoints in the analysis, ranging from 
“customisation is the future” to “customisation is not 
the big business”, whereas literature states that mass 
customisation is becoming a more viable model for a 
broad range of different industries (Gilmore and Pine 
1997; Jiang et al. 2006). Especially in literature the 
concept of distributed manufacturing is often directly 
related to mass customisation (Kohtala 2014; Matt et 
al. 2015). However, there is no consensus in the case 
analysis about if the existing production networks 
can be leveraged for mass customisation or a more 
distributed network will emerge. Next to the concern 
if existing production facilities can be leveraged, 
the question if mass customisation is required and 
desired is important. The Motorola case shows that a 
production close to the customer to offer customised 
smartphones is reasonable. However, there was no 
market demand for the product. This could be the same 
for several consumer goods industries.

These findings illustrate that the concept of distributed 
manufacturing in the end depends on decisions on 
an individual product or business case level. For 
example, footwear and cosmetics were mentioned as 
interesting in this context. These examples could relate 
to practices like desktop manufacturing and in-store 
production. However, there was no similar trend for 
most of the other consumer goods identified, which are 
still likely to be produced in huge facilities with high 
volumes and the aim to cut costs.

Discussion
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This feasibility study using an exploratory and 
descriptive approach to investigate the impact of big 
data ecosystem on Re-distributed Manufacturing in 
the consumer goods industry. The study explored 
case studies concerned with the manufacturing 
configuration on a facility level and drivers behind 
facility strategy. The second theme relates to big 
data and the impact it can have on the manufacturing 
configuration. To analyse these themes a conceptual 
framework was developed from an extensive literature 
review. The investigated industries included packaged 
food, soft drinks, personal products, clothing and 
consumer electronics. A multiple-case analysis showed 
that big data applications will act as a supporting 
function in Re-distributed Manufacturing.

In this context, it was identified that the existing 
manufacturing configurations can be leveraged in most 
cases for products that are identified through big data 
analytics and market segmentation. This means that 
no changes in the manufacturing configuration are 
likely. However, the increasing resolution of customer 
insights, which is driven by advancements in big 
data applications could allow insights on the level of 
an individual customer, not only a market segment. 
This opens opportunities for mass customised 
products. A strong link between mass customisation 
and distributed manufacturing was identified in the 
literature and some cases. Mass customisation would 
implicate changes on a facility layer which is still driven 
by the incentive to produce high volumes and cut 
costs. This explains the diverse standpoints regarding 
the value and feasibility of mass customisation that 
emerged in the analysis and that were highly related 
to decisions on a product level. Some products were 
mentioned as interesting in this context but not all 
consumer goods, which will lead to a coexistence of 
manufacturing configurations.

Possible future scenarios include manufacturing at the 
point-of-use, manufacturing at the mall and personal 
manufacturing. But this needs to be investigated 
on a product level. Here it is hard to predict how far 
consumer goods are suitable for desktop or in-store 
production and how much customisation, which would 
promote a distributed production, is actually needed 
and desired by the consumer. 

While this exploratory study investigates the 
connection between big data applications and a 
redistribution of manufacturing in the consumer 
goods industry, there are many other drivers for 
a distributed model which seem to be not fully 
understood and provide significant opportunities for 
future research. For example, the sustainability of 
distributed production is highlighted in several studies 
(Rauch et al. 2015), whereas other studies depict a 
more challenging view (Kohtala 2014). In this context, 
future research should not confuse benefits of digital 
manufacturing with distributed manufacturing and 
investigate especially the benefits and challenges of a 
distributed production.

Additionally, further research is needed to understand 
the possibilities of desktop manufacturing in the 
context of consumer goods. New concepts like 
manufacturing at the point-of-use or in the store offer 
various opportunities (DeVor et al. 2012). Regarding 
the research design, further research should include an 
in-depth investigation of one representative case study 
which illustrates distributed manufacturing (e.g. in-
store production of footwear).

The current study was of an exploratory nature and 
looked into several industries, whereas future research 
should investigate the methods of value capture and 
different business models, as well as the challenges 
and barriers of distributed production for one individual 
case. This could provide additional understanding for 
the concept of Re-distributed Manufacturing. 

Conclusion Opportunities for future RECODE research 
agenda
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RECODE Network 
Big Data Ecosystem in Re-distributed 
Manufacturing (RdM) Past and Future

Background, aim and objectives
Several scholars and industrialists predict that 
manufacturing operations will become more 
geographically distributed in the future, which is 
driven by an increasing need for mass customisation 
and more sustainable production. The future is not 
going to be about stretched-out global supply chains 
connected to a web of distant giant factories. It’s about 
small, nimble manufacturing operations. This trend 
towards more local and smaller scale production will 
continue, driven by rising oil and transportation costs 
as well as new regulations for emissions and ongoing 
developments in the area of manufacturing processes.

This transformation is supported by technological 
advancements like additive manufacturing, 
autonomous robots, Internet-of-Things and big data. 
Recent reports and studies emphasize the crucial 
importance of technologies as enablers for distributed 
manufacturing. Therefore, this feasibility study was 
initiated to investigate the impact of big data on 
Re-distributed Manufacturing in the consumer goods 
industry. To scope this feasibility study, the concept 
of Re-distributed Manufacturing was investigated 
as a phenomenon of geographical redistribution. 
Additionally, the study focus lies on manufacturing 
businesses and not peer-to-peer production, such as 
desktop fabrication with 3D printing, which has already 
received significant attention in recent literature. 
Therefore, a two-fold research design was used:

1. Manufacturing configurations and their underlying 
drivers were analysed, 

2. Big data applications that could influence these 
configurations were researched. 
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Contribution to Re-distributed Manufacturing
Conceptual framework 
A conceptual framework was developed from an 
extensive literature review and a qualitative research 
approach based on the analysis of 24 cases, generated 
from primary and secondary data. The investigated 
industries included packaged food, soft drinks, 
personal products, clothing and consumer electronics. 

The aim of the framework is to provide a basis for 
the impact of big data ecosystem in Re-distributed 
Manufacturing. The framework (illustrated in Figure 
1) incorporates two perspectives: big data and 
manufacturing configuration. 

The big data perspective is shown in the bottom part 
of the framework and is derived from considerations 
of value creation in big data. Comparable to business 
models the framework incorporates key resources 
(data sources), key activities (data activities) and a 
customer (data users). The data sources are divided 
into internal data sources that are focused on the 

manufacturing perspective and external sources 
that are focused on the consumer respectively the 
environment. The data activities include different 
types of analytics, and the data user is part of the 
value chain. This also describes that the focus lies 
on internal data users and not for example data 
monetization.

The upper part of the framework is concerned with 
the manufacturing configuration. To analyse the 
manufacturing configuration, different literature 
streams were combined. The first one is competitive 
advantage, which divides companies into ones 
competing over price and differentiation. The next part 
highlights the competitive priorities. These are used 
to illustrate manufacturing decisions in a simple and 
powerful way. The last part incorporates the facility 
strategy, representing the degree of distribution, the 
closeness from production to the customer and the 
production scale. If there is a transformation towards 
distributed manufacturing, the facility strategy will 
illustrate it.

Figure 1 Conceptual framework to investigate the impact of big data on the 
manufacturing configuration respectively Re-distributed Manufacturing
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Big data applications
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Industry-specific analysis  
The following conclusions were drawn from the 
feasibility study:

a) The industry specific analysis revealed a tendency 
to operate as few factories as possible. This 
enables the ability to utilize state-of-the-art 
technology and produce high volumes, which will 
cut costs through economies-of-scale. This finding 
is aligned with previous studies that underline the 
economic factor in facility decisions. 

b) Big data applications can be supporting functions 
in a shift towards distributed manufacturing. 
Decisions regarding facility strategy were identified 
to mostly depend on the cost dimension. 

c) Industries such as fast moving consumer goods 
and some fashion businesses, which are competing 
over price, showed an intense use of big data 
analytics. Mostly customer-focused data (previously 
defined as external data) was used, and big data 
was seen as a new way to reach and engage with 
customers. The combination of data sources with 
using the real-time insights help organization in 
market segmentation, especially for new products. 

d) The ability to segment the market could have an 
impact on manufacturing configurations, especially 
when the resolution of customer insights increases 
even more, which would promote mass customised 
products. However, these industries face challenges 
like cost and skill barriers for adopting big data 
analytics, getting access to data, as well as 
choosing effective combinations of data sources to 
obtain valuable insights. 

e) The theme of mass customisation reveals 
diverse standpoints in the analysis, ranging from 
“customisation is the future” to “customisation is 
not the big business”, whereas literature states that 
mass customisation is becoming a more viable 
model for a broad range of different industries. 
Especially in literature the concept of distributed 
manufacturing is often directly related to mass 
customization. However, there is no consensus in 
the case analysis about if the existing production 
networks can be leveraged for mass customisation 
or a more distributed network will emerge. 

f) Next to the concern if existing production 
facilities can be leveraged, the question if mass 
customisation is required and desired is important. 
The Motorola case shows that a production close to 
the customer to offer customised smartphones is 
reasonable. However, there was no market demand 
for the product. This could be the same for several 
consumer goods industries.

g) These findings illustrate that the concept of 
distributed manufacturing in the end depends on 
decisions on an individual product or business case 
level. For example, footwear and cosmetics were 
mentioned as interesting in this context. These 
examples could relate to practices like desktop 
manufacturing and in-store production. However, 
there was no similar trend for most of the other 
consumer goods identified, which are still likely to 
be produced in huge facilities with high volumes 
and the aim to cut costs.

Impact and future research 
This feasibility study used an exploratory and 
descriptive approach to investigate the impact of 
big data ecosystem on redistributed manufacturing 
in the consumer goods industry. The study explored 
case studies concerned with the manufacturing 
configuration on a facility level and drivers behind 
facility strategy. The second theme relates to big 
data and the impact it can have on the manufacturing 
configuration. A multiple-case study analysis showed 
that big data applications act as a supporting function 
in Re-distributed Manufacturing.

While this exploratory study investigates the 
connection between big data applications and a 
redistribution of manufacturing in the consumer goods 
industry, there are many other drivers for a distributed 
model, which are not fully understood and provide 
significant opportunities for future research. For 
example, the sustainability of distributed production is 
highlighted in several studies, whereas other studies 
depict a more challenging view. In this context, 
future research should not confuse benefits of digital 
manufacturing with distributed manufacturing and 
investigate especially the benefits and challenges of a 
distributed production.

Additionally, further research is needed to understand 
the possibilities of desktop manufacturing in the 
context of consumer goods. New concepts like 
manufacturing at the point-of-use or in the store 
offer various opportunities. Regarding the research 
design, further research should include an in-depth 
investigation of one representative case study which 
illustrates distributed manufacturing (e.g. in-store 
production of footwear).

The current study was of an exploratory nature and 
investigating several industries, whereas future 
research should investigate methods of value 
capture and different business models, as well as 
the challenges and barriers of distributed production 
for one individual case. This could provide additional 
understanding for the concept of Re-distributed 
Manufacturing. 
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RECODE Network

The EPSRC-ESRC funded Network in 
Consumer Goods, Big Data and Re-Distributed 
Manufacturing (RECODE) has been created to 
develop an active and engaged community to 
identify, test and evaluate a multi-disciplinary 
vision and research agenda associated with the 
application of big data in the transition towards a 
Re-distributed Manufacturing model for consumer 
goods.

The exponential growth of available and 
potentially valuable data, often referred to as 
big data, is already facilitating transformational 
change across sectors and holds enormous 
potential to address many of the key challenges 
being faced by the manufacturing industry 
including increased scarcity of resources, 
diverse global markets and a trend towards mass 
customisation. The consumer goods industry, has 
remained largely unchanged and is characterised 
by mass manufacture through multi-national 
corporations and globally dispersed supply 
chains. The role of Re-distributed Manufacturing 
in this sector is often overlooked, yet there is 
great potential, when combined with timely 
advances in big data, to re-define the consumer 
goods industry by changing the economics and 
organisation of manufacturing, particularly with 
regard to location and scale.

The RECODE Network conducted five feasibility 
studies led by the academic core partners, 
steering group partners, and new partners who 
joined through the RECODE Sandpit on 02-03 
March 2016. A multidisciplinary team comprised 
of internationally renowned experts from Cranfield 
University, Open University, Loughborough 
University and Imperial College London and 
practicing industry leaders in the fields of design, 
manufacture, big data, circular economy and 
consumer goods, were involved in the delivery of 
this feasibility study. 

RECODE has developed novel methods and 
undertaken innovative events to engage 
communities of academics, international 
experts, user groups, government and industrial 
organisations to define and scope a shared 
multi-disciplinary vision and research agenda. 
To find out more, visit our website: 
http://www.recode-network.com
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5

A significant challenge consumer product 
manufacturers face is to be able to rapidly identify new 
market segments and to respond to those segments 
with products that consumers will actually consume34. 
Re-distributed Manufacturing (RdM) has the potential 
to disrupt the way we produce and consume products 
across the lifecycle and to create new models of 
‘Business as Unusual’. New structures of design and 
manufacturing can enable large reductions in resource 
consumption by limiting waste in a supply chain (e.g. 
reducing transport distances) and through addressing 
the flows of resources at critical times in the lifecycle 
of products. It can also enable reduction of R&D 
waste by enabling a more targeted delivery of custom 
products to meet specific user needs and demands in 
different contexts and across extended timespans of 
the product lifecycle34.

Specifically, this study has explored how to respond to 
this major challenge:

How should we engage users in New Product Development 
in future re-distributed models of sustainable production 
and consumption?

This involved mapping of the challenges and 
opportunities for user engaged design and 
manufacture, and investigating their application to 
bridge the gap between users, companies and the 
products they produce. In addition, it will seek to 
understand how the promotion of resource efficient 
product lifecycles can be incorporated within 
future, more localised and responsive structures of 
manufacturing and product adaptation.

Furthermore, it involved the people-product 
interactions across the entire lifecycle of a product 
from front end New Product Development (NPD) 
through to products’ repair and afterlife. We achieved 
this through addressing both fast moving consumer 
goods (FMCG) and consumer durable products, such 
as large and small household appliances. We involved 
representatives from industry representing the sectors 
above.

We investigated opportunities for new types of 
product – people interventions that foster co-creation 
and co-maintenance of products, both in the initial 
design of those products and in the co-evolution 
of the product across its lifecycle. The main focus 
of the investigation is the interaction between 
consumers both in the New Product Development 
(NPD) process and in interventions across product 
lifespan, to ultimately position the consumer in product 
development decisions by allowing their influence 
at key stages in a product’s life. This will enable the 

creation of new structures of design and manufacture 
in a more localised and distributed context. In 
addition, two areas of focus were chosen for this 
exploration, as the product-people relationships are 
under-explored in lifecycle decision-making. As such, 
the two perspectives from these relationships will be 
the short-life cycle products within the FMCG sector 
and the longer life cycles associated with consumer 
durable products to create a complete map of those 
interactions.

We also explored the diverse methods of engagement 
that are currently available or could potentially be 
deployed in practice in the future and mapped them 
to help designers to gather data, understand user 
needs, and support lifecycle decision-making. Existing 
approaches range from traditional market research 
methods such as surveys and focus groups to more 
ethnographic influenced approaches; and new 
approaches to NPD such as mass customisation and 
crowd sourcing, and the analysis of big data obtained 
through service contracts, smart phone apps, etc. 
These are the stepping-stones to explore the emerging 
opportunities for data-rich integrated consumer 
interaction in the design process.

The ultimate aim of our research in this exciting 
domain is to map and address the options available for 
integrating users in the product development decisions 
of future sustainable products they need. This implies 
that in the future the customer/end user/consumer 
is co-creator of the products they wish to consume. It 
also implies the determination of new and emerging 
market segments. However, identifying and responding 
to these market segments will require new forms of 
organisation and models for design and manufacture 
and product lifecycle models that support different 
types of consumption. The drivers for the inevitable 
transformation to re-distributed and resource efficient 
systems will be determined and mapped. To this end, 
this study brought together an interdisciplinary network 
of academic and industrial partners to investigate the 
following objectives:

1. To understand where, when, and how, interactions 
with consumers occur across the various stages of 
the NPD process and product life cycle.

2. To investigate how those interactions can scale via 
a data-driven approach to front end NPD

Introduction
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3. To investigate the product lifecycle stage of 
‘ideation’ and ‘use’, to develop an understanding of 
how a range of consumer interactions in product 
use or repair can be expanded and built upon 
to inform more sustainable models of product 
development in RDM contexts.

Meeting these objectives meant that we had to Map 
the possible consumer interventions across the 
lifecycle of products, focusing primarily on consumer 
products; Delved into fast moving consumer goods 
(FMCG) by exploring crowdsourcing techniques to 
enable consumer interactions at large scale; Delved 
into durables to explore people-product relationships 
occurring in the lifecycle of consumer products 
and finally Envisioned models, future work and 
enablers towards transforming product design and 
manufacturing through RdM types of organisation. In 
this report the outcomes of this study are presented. 

Customer journey mapping
Within Customer Relationship Management (CRM), 
Consumer Touchpoints1 are a well-established tool 
for mapping and understanding the interactions 
between a brand and its customers2,3,4. The purpose 
of a consumer touchpoints diagram is to show all the 
potential opportunities for a customer to “experience” 
the brand - typically these include instances such as 
advertising, point-of-purchase, packaging, after-sales 
service, etc. These touchpoints may also be further 
subdivided, such that advertising, for example, may be 
comprised of print advertising, TV advertising, online 
advertising, etc. Consumer Touchpoint diagrams 
have been used in both academia and industry, to 
understand customer-brand relationships in sectors 
as diverse as energy supply, mobile phone networks, 
charities, consumer electronics and food retail. 
However, CRM typically focuses on consumer-brand 
interactions which the brand can control, and ignores 
those which brands are unable to influence. Consumer 
interventions such as post-purchase modification, 
repair and re-sale have therefore received little 
attention.

Within user-experience design5, and especially 
service design6, Customer Journey Maps (CJM’s)7 
are employed as a method for documenting the way 
in which a customer experiences a product-service 
system. CJM’s utilise consumer touchpoints in order 
to understand how a customer perceives and relates 
to the brand over a relevant timescale or throughout 
a relevant process. However in order to understand 
and manage the chaotic feedback resulting from 
every customer having their own journey, brands 
typically employ personas to ‘summarise’ a subset of 
its customers8. This inevitably focuses attention on a 
brand’s core customers while excluding its outliers; as 
a result the opinions of customers who are engaging 
with a brand in new or unexpected ways can be 
overlooked. In addition, in conventional manufacturing 
paradigms, the customer appears at the end of the 
value chain9, i.e. the value chain is taken to end when a 
product is sold. Manufacturing within a Re-Distributed 
paradigm10, through NPD processes such as Mass 
Customisation, Crowdsourcing and Open Design, 
enables the earlier engagement of customers 11, and 
extends the value chain further. CRM literature has not 
previously given attention to CJM’s within NPD, and 
has therefore neglected instances where customers 
engage with the design and production of products and 
services, rather than just their consumption.

Map: Consumer interventions across the 
product lifecycle



49

7

Building on the theory for implementation of CJM’s 
within CRM, in this project we have introduced the 
concept of consumer intervention mapping, to visualise 
the opportunities for the consumer to intervene in, and 
modify, the intended or expected product lifecycle. 
In line with CJM methodology it takes a user-centric 
perspective, rather than focussing on the brand or 
manufacturer, but untypically gives attention to outliers 
(both brand champions and brand antagonists) 
as well as core customers. Crucially, it maps the 
journey throughout the entire product lifecycle as 
understood within traditional models of production 
and consumption, from product specification, design 
and manufacture, through promotion, sale and use, 
to repair, re-sale and disposal. The purpose of this 
mapping exercise is to then explore new models of 
production and consumption which fall into the 
re-distributed and circular economy paradigm12. 

Systematic review of consumer intervention 
touchpoints
In order to determine both the scope and detail of 
information required to construct the Consumer 
Intervention Map (CIM), an initial literature review was 
conducted to understand the relevant phases of a 
customer journey within a circular economy paradigm. 
In common with existing CJM models, the CIM depicts 
the customer journey space at increasing levels of 
detail (Figure 1). At the widest level only three phases 
were identified13: Purchase, pre-purchase and post-
purchase. At the intermediary level, the CIM draws 
on a number of sources14,3,15 to model six phases 
encompassing the NPD process through to usage. 
Finally at the narrowest level of detail, 18 discrete 
phases were identified from the literature14,11,13,16.

Following a systematic review of the literature, it 
was possible to populate the map with the relevant 
touchpoints (the complete systematic literature 
review can be found at: https://doi.org/10.17028/
rd.lboro.4772275.v1). In this exercise, only those 
instances in which consumers directly and 
intentionally intervene to alter the brand’s intended, 
or expected, customer journey model, were deemed 
relevant. Passive touchpoints (for example magazine 
advertising or sales staff interactions) that do not 
involve consumer intervention were excluded.

Figure 1 The customer journey space
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Figure 2 Consumer intervention map fully populated with intervention touchpoints

Finally, the identified touchpoints were mapped to 
their appropriate phases in the product lifecycle 
(Figure 2). A system of colour coding was used to 
identify touchpoints as occurring at different stages 
in the product lifecycle – manufacturing (orange), 
communication (pink), supply (blue) and usage (green); 
these were coloured darker or lighter according to the 
degree of intentionality a brand or manufacturer has 
in allowing consumers to intervene at this touchpoint. 
The consumer intervention mapping will be used 
to validate findings from the Delve studies, through 
depicting scenarios of the different product-people 
interactions across the product lifecycle in customer 
journey space. 
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and sell product shares multiple times depending on 
their preferences or they might be influenced by others 
by following the price trends. Pricing mechanism 
has been successfully used to identify customer 
preferences in the development of a new cell phone1. 
Here we develop a novel digital crowdsourcing tool  
to engage with consumers by playing a game. 

How does the preference market place 
crowdsourcing tool work?
Participants receive 1000 Bitcoins (virtual currency 
to invest in the preference marketplace), once they 
create their own profiles. They can invest their initial 
profit among different markets according to their 
preferences. They can buy/sell up to 50 shares each 
transaction. The limit to 50 shares maximum for each 
transaction, was selected to prevent any potential 
manipulation by buying or selling large number of 
shares. Preference marketplace features are shown in 
Figure 3. 

To test the performance of the proposed 
crowdsourcing tool to engage with different consumer 
groups, we conducted two case studies focused on a 
beverage product development (i.e orange flavoured 
beverage case study), and a food product development 
(i.e. noodle case study).

Delve: Consumer product co-creation for 
Fast Moving Consumer Goods

Engaging users in new product development 
using the preference market place
Due to short product life cycles and increasing demand 
on individualised products, within the fast-moving 
consumer industry; new product developers and 
manufacturers need quick and effective consumer 
engagement. Sometimes response to demands must 
be near the user. Hence, Re-distributed Manufacturing 
(RdM) can enable a more targeted delivery of custom 
products to meet specific user needs and demands in 
different contexts and across extended timespans of 
the product lifecycle.

Understanding consumer demands is still a vital 
challenge for the market. However, gamification 
could be a potential solution to accelerate new food 
and beverage product development, and reduce 
waste on research and development processes due 
to proximity of these activities to the end user. This 
delve study presents the preference marketplace, a 
platform that offers participants to influence creation 
of new products using game mechanics. Preference 
marketplace is inspired by a combination of financial 
market and prediction markets17. These are virtual 
markets that enables participants’ trade contracts 
which are linked to the future outcome of unknown 
events. Market pricing mechanism is the most effective 
tool to reveal aggregated information of heterogonous 
individuals by converting their preferences into one 
single value which is share price18. Participants can buy 

Figure 3 Preference marketplace features (leader board page)
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Beverage product development – Orange 
flavoured beverage case study
Fruit/vegetable flavoured beverages are a prominent 
model of emulsions in the soft drinks industry as a 
concentrated or diluted product. As consumer lifestyles 
become more personalised and demand has surged 
for a greater variety of beverage options, the industry 
has considerably evolved with product formulations 
becoming particularly targeted to the user needs.

In this case study, we identified the most required 
sensory attributes of orange juices by playing the 
consumer market preference game with consumers. 
Compared to other techniques, such as surveys and 
opinion pools; the preference marketplace allows to

discover more detailed information on sensory 
attributes such as taste, flavour, texture and 
appearance. For this case study, the challenges 
were set up including the same sensory attributes of 
orange flavour beverage products (i.e. appearance, 
flavour, taste, texture) as shown in Figure 4. Detailed 
product features including price trend, features image, 
description and title can be seen in Figure 5. 10 MSc 
Students from Cranfield University participated over 
a gaming period of a week. However, 96 respondents 
were obtained for all markets set as challenges. 
The final price of each sensory attribute defined the 
preference of each corresponded sensory attribute as a 
percentage. The target values for the sensory attribute 
formulation are the product prices that the participants 
have decided during the preference marketplace. 

Figure 4 Sensory attributes of orange flavoured beverage product – Example of 
appearance

Figure 5 Detailed information of each product feature
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Taste attribute results
The taste attribute results of the consumer market 
preference game are shown in Figure 6. It is seen that 
people’s preference was inclined for sweet beverages. 
The prices of the sweet attribute were 45 bitcoins 
that means 45% of the participants preferred a sweet 
beverage product. With this result, a sweet orange 
flavoured beverage was produced using novel flow 
formulation system and through a consumer panel 
session with the same participants, they were asked 
to evaluate if their preferences were delivered or not. 
After the consumer panel, participants were invited to 
play the consumer market preference game again. The 
prices changed considerably after the consumer panel. 
The price of the citrus increased to 38 bitcoins (38% of 
participants) where sweet and bitter prices decreased 
to 32 bitcoins (32% of participants). This means that 
people change their preference from sweet orange 
flavour beverages to a citrus orange flavour.

Flavour attribute results
A second market challenge was set up to identify 
the most required flavour for the formulation and 
manufacturing. Five most common orange juice 
flavour attributes (citrus, fruity, grapefruit, tangerine 
and tropical) were included. Participants were asked to 
prioritize these flavours in the preference marketplace. 
Results showed that there was not a strong agreement 
on the participants for a flavour. All flavour stock 
prices were very close during one week trading period 
as shown in Figure 7. However, citrus was a bit higher 
than other flavours. Before the consumer panel, the 
price of the citrus was 24.67 bitcoins, the second 
most popular flavours were grapefruit and tangerine 
with same price being 20.2 bitcoins. According to 
these market results citrus flavoured orange juice was 
formulated and manufactured for the consumer panel 
session. After the consumer panel evaluation, citrus 
product prices increased to 31.5 bitcoins, while other 
product prices decreased below 20 bitcoins.

Figure 6 Preference marketplace - Orange beverage taste results

Figure 7 Preference markeplace - Orange beverage flavour results
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Figure 8 Preference Marketplace - Orange beverage texture results

Texture attribute results
Texture is another very important parameter to 
influence people for the purchasing of their preferred 
beverage product. Five different texture attributes 
(e.g. thin, smooth, with a few particles, pulpy and thick) 
were proposed to participants. At the end of the game, 
all prices were very similar as shown in Figure 8. The 
results from playing have shown that participants’ 
preference was inclined for the thick beverage product 
with 40.50 market price and based on this market 
price, high viscous orange juice was formulated and 
manufactured for the consumer panel evaluation. In 
the consumer panel study, this preference remained. 

Appearance attribute results
Five different shades of orange colour (from dark 
to light) were presented to participants so they 
can invest in their preferred beverage colour. Bright 
orange colour was the most required orange colour 
shade with 40.40 bitcoins market price before the 
consumer panel session, as shown in Figure 9. The 
required colour option was formulated with natural 
food colouring ingredients (e.g. beta-carotene), and 
given to the participants to try it in the consumer panel 
evaluation. The bright orange price was decreased to 
29.9 bitecoins once they played the game again after 
the consumer panel evaluation, but it was still the most 
preferred shade of orange flavoured beverage colour.

Figure 9 Preference marketplace - Orange beverage appearance results
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Food product development – Noodle case 
study
The preference marketplace was developed to test 
large preferences for large numbers of new product 
features and concepts as seen in the orange flavoured 
beverage case study. The platform also allows to 
participants to provide new ideas, and evaluate  
those ideas by rating them.

In this case study, two workshops were designed to 
identify the most required noodle product features 
in three concepts; meal scenarios, noodle types and 
noodle kit components as shown in Table 1. The 
first workshop was to evaluate six different meal 
scenarios and each meal scenario started with the 
same market price 0.18 bitcoins. Identifying a meal 
scenario is very important to start developing a new 
food product. Different meal occasions such as 
lunch, dinner, weekend and weekdays require different 
combination of food ingredients. 27 participants (14 
male/13 female) were recruited. These were MSc 
students from the Water and Design programme 
at Cranfield University. The workshop started by 
explaining to participants how to use the preference 
marketplace and noodle product development case 
study. After, participants played the game using the 
market preference tool for an hour. During this time, 
participants attempted to increase their initial profit 
by buying and selling different meal scenarios. In 
addition, twelve new ideas were collected from the 

crowd and over 600 trading activities were observed in 
1 hour trading period. Quick weekday lunch for one was 
selected as a winning meal scenario by the crowd with 
the final price of 0.57 Bitcoins.

Once a meal scenario was identified as quick weekday 
lunch for one, we conducted the second workshop to 
identify the most required noodle type and noodle kit 
components according to the selected meal scenario. 
21 MSc (19 male/2 female) students mostly from 
the manufacturing department were recruited. A 
different engagement approach was followed in this 
workshop. We only provided the link of the software 
and description of the workshop and case study to the 
participants with a 10-min presentation. Then we asked 
participants to access the game remotely. Two short 
videos are embedded into the platform to explain how 
the game works. This can be accessed remotely using 
an Internet connection. This study employed the same 
user interface as the first workshop. Participants goal 
was the same, they had to increase their initial profit 
to win the game. After one week trading period, the 
markets were closed. Thin egg noodle was selected as 
winning noodle type with the final price of 0.25 Bitcoins 
and Value Price – Noodles + sauce + spice/garnish 
was defined as winning noodle kit combination with 
final price of 0.17 Bitcoins.    

Table 1 Noodle product features and concepts

New noodle product development

Meal scenarios Noodle types Noodle kit components

Quick weekday lunch for one Thin egg noodle Value price – noodles + sauce

Refuel after a long working day Medium egg noodle Value price – noodles + sauce and own extras

It’s weekend time to treat yourself for 
dinner

Thick egg noodle Value price – noodles + sauce + spice/garnish

Working lunch – sharing with 
colleagues 

Thin rice noodle Value price – noodles + sauce + spice/garnish and 
own extras

With friends for dinner Medium rice noodle Quality price – noodles + sauce

Friends for the weekend Thick rice noodle Quality price – noodles + sauce and own extras

Quality price – noodles + sauce + spice/garnish

Quality price – noodles + sauce + spice/garnish 
and own extras
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Study conclusion
Through this study, it is acknowledged the need to 
drive consumer demands in the most successful close-
loop NPD process at large scales, with a quick and 
flexible manner. Thus, the preference marketplace tool 
can be then used for identifying different consumer 
segments, and at the same time respond to consumer 
demands in a rapid manner, especially if the NPD 
process is in proximity to the user. Hence, ultimately, 
we can envisage a distributed manufacturing 
system, using a new advanced production method 
that is not just characterised by its rapid response, 
but also could enable a smaller footprint due to its 
possible low energy requirements within the NPD and 
manufacturing systems.

For RdM, the implementation of gaming techniques 
such as the preference marketplace could enable 
further customisation, a key characteristic for RdM to 
succeed. This means that producers will be making 
exactly what people want, at the time it is needed, 
and as such could help to reduce material/resource 
throughput as well as less waste by producing 
a surplus of unwanted items. This enhanced 
customisation of products, could also enable new 
markets, in which products can be made and tested  
on demand, allowing a more effective NPD. 
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Exploring the repair landscape
Exploring ‘repair’ provided a means to illustrate 
peoples’ interactions with their products long after 
the usual new product development consumer based 
interactions had occurred. This part of the study 
comprised of a series of conversations with people 
who brought products to be repaired and with the 
people involved in those repair activities -the repairers 
- exploring their observations of repairing and their 
views on the motivations of people bringing things in to 
be repaired.

This study, included a small number of semi-structured 
interviewsa that were carried out between May 
and July 2016. A survey of relevant literature was 
also completed prior to interviews to establish key 
interview themes and to help populate the customer 
journey space. A key purpose of the interviews was to 
understand what constitutes brokenness and repair 
and to find out how people engage in the repair process 
and to further understand the role of more localised 
product interventions (e.g. maintenance and making) 
in slowing resource loops. In total 41 interviews were 
completed: 10 were visitors to the Farnham Repair 
Cafeb and the Guildford Repair Cafec bringing their 
products to be repaired; 16 were volunteers at those 
Repair Cafes or members of other Makerspaces (The 
Restart Project in London and Men in Shedsd in Milton 
Keynes); and 15 were members of the general public 
local to Cranfield University and Milton Keynes. The 
data from interviews were coded and it was found that 
people were generally happy to discuss their products 
and stories of repair.

One criticism of this approach is that the people 
attending these events are already, by default, pro-
repair. This bias is recognised but does not influence 
the findings as the aim of the research was to 
undercover motivations for repair and the types of 
activities that constitute repair and not to seek a 
general representation of the value of repair. Although 
most interviews do involve participants at repair cafes 
or similar settings, a proportion of interviews were 
undertaken with the general public to understand wider 
perceptions of product brokenness and attitudes to 
repair.

Delve: A narrative of slowing loop repair 
landscape

Engaging users in the role of repair
In response to issues of global resource scarcity 
and increasing levels of product consumption there 
is a perceived need to encourage systems of longer 
product cycles - slowing resources through the loop 
- and nurturing a new product literacy. According to 
the Energy Saving Trust in Great Britain, the number 
of electrical appliances and devices in households 
has increased steadily over the past 40 years; tripling 
from the 1970s to 200219. Research also indicates 
that people are more likely to replace products with 
high technological innovation at a faster rate even 
when those products are still functioning20. A linear 
flow of products through the make-use-dispose 
cycle ultimately results in large amounts of valuable 
resources being lost to landfill, and large amounts of 
energy wasted in production, collection and disposal. 
Initiatives that intervene in linear resource flows are 
increasingly in evident; for example the Swedish 
government has recently proposed to support a 
repair economy through introducing tax breaks on 
all repair activities21. A circular economy aims to 
reverse this trend through a more sustainable model 
of consumption employing different initiatives and 
strategies to move towards a resource efficient 
model22, where quality, durability, recyclability, locality 
and reparability are valued23.

This section of the report explores how different 
flows (slower, circular) of materials, components and 
products can be enabled through a focus on repair 
as an opportunity to understand the stories of why 
products break, and the context of local and dispersed 
re-making beyond the formal agreements that the 
product warranty provides. This delve study calls 
attention to the possibilities of extending product life 
horizons and the ways people can actively engage in 
product lifetimes. Slowing the trajectory of product 
consumption is one of many business strategies that 
support the creation of circular economies24. The 
outcomes from this part of the project contribute to the 
different business as unusual scenarios the envision 
section of this report, two of which refer to extending 
product life and slowing resource loops.

a Masters of Design (MDes) Thesis, Narratives of Repair, by Lourdes Saca, 2016, School of Energy, Environment and Agrifood, Design Strategy 
and Leadership, Cranfield University.
b Farnham Repair Cafe - https://www.facebook.com/FarnhamRepairCafe
c Guildford Repair Cafe - https://www.guildford.gov.uk/repaircafe
d Men in Sheds - was launched in March 2012 with the support of Age UK Milton Keynes. The organisation provides an opportunity for older 
men to meet together and engage in different activities (e.g. woodworking, metal work and model making) and exchange skills. 
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Findings – Understanding the role of users in 
repair
A summary of repair cafe respondents’ motivations and 
barriers to repair is presented in Table 2.

Table 2 Repair cafe participants' views on product repair

Motivations and barriers to product repair

When is a product 
considered to be broken?

What makes something 
worth repairing?

Why don’t you repair it 
yourself?

What are the main barriers 
for repair?

- When it doesn’t work as it 
used to
- When it no longer can do 
what it was bought for
- When the main function 
doesn’t work anymore
- When it is no longer 
convenient to use 
- When it stops working or 
doesn’t work well
- When the quality and 
performance decreases

- A product with emotional 
attachment that you want to 
keep
- A familiarity with the 
product and technology - 
Better to repair than replace 
with a product you don’t 
understand.
- Cheaper to repair than 
replace
- Cheap products are not 
worth paying repair for

- Lack of knowledge 
- Lack of time
- The inconvenience of repair 
- The ease of buying a new 
product
- Not owning the right tools
- Concerns about voiding the 
warranty
- Concerns that product won’t 
work anymore
- Lack of creativity to do 
repair
- Lack of skill

- Lack of access to spare   
parts 
- Obsolete components
- Lack of knowledge about 
the spare parts required 
- Products are not designed 
for longevity or repair
-Products designed for 
manufacture, not 
disassembly 
- Difficult to open products to 
repair them
- Products not looked after, 
are seen as disposable
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Perceptions of brokenness varied but most 
respondents referred to a loss of function or a decline 
in the performance of the product that no longer meets 
the expectations of the user. Poor product performance 
was similarly highlighted in a study undertaken by 
Nottingham University25. This study looked at why 
vacuum cleaners were replaced, and found that it was 
often also due to a decline in the performance of the 
product, and specifically the reduced power of the 
vacuum suction: a problem that can be easily remedied 
by cleaning or replacing the filters. Instead, many 
owners chose to dispose of the product and purchase a 
new one. Comments made by repair cafe interviewees 
highlighted issues of product care and maintenance 
and include:

• People don’t treat things well as they don’t expect 
them to last long

• People don’t take things apart anymore. They don’t 
give the proper maintenance to their products. They 
don’t even know how.

• Glue also makes it difficult to take components 
apart. It is sloppy work but cheap to produce. Some 
products also use proprietary screws that make it 
impossible to disassemble. That is why they don’t 
give you warranties.

• Products are not built to last. People bring things 
to get repaired when they don’t work how they’re 
supposed to.

• Products fail usually because of lack of 
maintenance, wear and tear.

• When people have made, or repaired a product they 
take more care of it.

Heiskanen26 discusses that people replace products 
because of technical failure, dissatisfaction or a 
change in their needs. Similarly Granberg27 argues 
there are two types of obsolescence: absolute 
obsolescence (technical failure) and relative 
obsolescence where user expectations change with the 
availability of new product options. However, he also 
acknowledges that behind this simple classification 
of obsolescence is a complex set of relationships 
between owners and their products, technological 
trends, and the economic and cultural contexts; these 
complex reasons for product disposal are also evident 
in the responses from interviewees. They reported a 
decline in product performance as a primary factor 
to dispose of a product. A lack of maintenance and 
general care across product-life are also key reasons 
why product functionality decreases below acceptable 
levels and people seek alternative solutions. It was 
reported that a lack of product knowledge and lack of 

technical information about the product and its spare 
parts can also play an important role in this decision-
making process.

Another strong theme from the interviews was 
the relationships people have with their product. 
Sometimes it’s an emotional connection28 - a gift from 
someone special; a product passed down through the 
family; a comfortable chair; a favourite dress. Other 
times the attachment is more pragmatic. One elderly 
lady explained how she much preferred trying to fix her 
products (she’d brought a number to the cafe already) 
because she was familiar with how the product worked 
- what all the buttons do (or the ones she needed to 
know about), and she didn’t want to consider having to 
think about all that again with a new product using new 
technology.

Community based repair initiatives alongside on-line 
IFixit instructions and Makerspaces have provided a 
new type of platform for people to seek out information 
to help them make decisions about extending their 
product’s life. Not only do such repair initiatives 
contribute to waste reduction and product longevity, 
but they also provide places for people to socialize, 
share and learn new skills29,30 as illustrated by some of 
the points raised by interviewees at repair cafes:

“I am not creative or knowledgeable enough to do repair.” 
[a repair cafe visitor] The same person explained that 
she’d had lots of positive experiences at the repair cafe 
and trusted them to do a good job. She wants to bring 
a bicycle in the future and to keep mending products 
because it’s cheaper than having to buy new ones.

“The volunteers all share their skills” [a repair cafe 
volunteer]. Once another volunteer was fixing a sewing 
machine and needed her input as she knew exactly 
how it should work. She feels it is better if there is 
another volunteer on your table (different expertise 
per table e.g. sewing, bike repair, mechanical products, 
electronics) with you looking at repair problems as 
you can work together to think what the best solution 
would be.

“The original manufacturer put a faulty switch to a kettle. 
I went online to get the replacement and there were so 
many options ... sometimes it happens that people just 
don’t know which the correct spare part to buy is. They 
don’t repair because they lack the knowledge. That’s 
why they come here. Stuff isn’t built to be repaired. Older 
products are easier to get into. Newer products are hard to 
take apart” [a repair cafe volunteer].
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A further 15 interviews were conducted with members 
of the general public outside the context of repair 
venues. Interviewees were asked to tell a story of 
a product that had broken and discuss whether 
they replaced or repaired it. They selected a range 
of products, from small kitchen goods such as a 
toaster, food processor and a grill to more complex 
products like laptops, phones and a play-station. Nine 
respondents had bought a replacement product when 
theirs failed, and, in general, their common response to 
product failure leaned towards product replacement. 
Two respondents had had their products fixed under 
warranty; one of these then failed again outside the 
warranty period and at this point the respondent asked 
her father to fix it which he did. Two respondents 
successfully repaired their products, one using an 
expert, the other by himself using on-line ‘how to’ 
guides to provide information. Two other respondents 
had products repaired but they subsequently failed. 
Both were done by self-repair: one ended up purchasing 
a new bike component; the second resulted in a 
subsequent component failure after a couple of 
weeks of successfully fixing the first. At this point the 
respondent bought a new razor frustrated that he had 
wasted his time and money on the first repair.

Study conclusions
Different product-people interactions in the product 
use phase of the lifecycle can help shape new modes 
of consumption. Longer-lasting products for example, 
explore ways in which different types of product 
intervention can recalibrate peoples’ views of resource 
use, product adaptability and their value. The research 
points to several opportunities to slow resource flows 
in product life, as well as opportunities for 
re-distributed models of production and consumption. 
These are:

• Systems of Local/Social (re)manufacturing

• Creating a remaking and repair economy

• New networks of resource supply and demand

• Promoting Repair services

• Open Innovation [hacking /adaptation]

• Re-skilling for DIY product care and repair 

• Addressing ‘performance obsolescence’ as key 
driver for product disposal

• Increasing peoples’ product knowledge and 
increasing access to new skills

• Challenging perceptions of brokenness

• Diversity in product maintenance contracts and 
warranties

• Infrastructures for component capture and 
refurbishment 

• Networks of collaboration between original 
equipment manufacturer (OEM) and parts supply

• Authorised repair and spare parts

• Developing expert communities of repair

• Encouraging communities of upcycling, hacking 
 and modding

Reframing ideas of disposability and linear product 
flow is critical in current contexts where efficiency-
oriented drivers have proved ineffectual in creating 
sustainable outcomes. Addressing product 
obsolescence (linear flows of resource) requires 
greater emphasis on creating scenarios of sufficiency 
alongside those already addressing efficiency. 
Organisations need to make products more resilient: 
design ‘repairable’ products, and engage users more 
effectively in the design of these products. This 
exploratory research suggests that developing a better 
understanding of the opportunities and challenges 
posed by long-life products, alongside the potential of 
different people-product interactions in product life, 
will support evolving cultures of sufficiency and the 
creation of new business scenarios for sustainable 
production and consumption. This increased 
sustainability would not be possible if accessibility to 
repair/maintenance spaces wasn’t available. Hence, 
opportunities for the re-distribution of these facilities 
would be key to become mainstream. In addition, for 
these spaces to thrive, the concept of RdM could help 
to set up the capacity for new collaborations between 
OEMs and suppliers of parts as well as upskilling 
programmes. 
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• Consumer design drivers: The type of consumer 
engagement in the process can vary greatly, 
depending on the types of user data and 
mechanisms of interaction available. Consumer 
inspired design would occur when large amounts 
of anonymised trend data is available to help direct 
design. Consumer led design would occur when 
individual users are able to be more hands on in 
driving design.

These two uncertainties were used to create two axes, 
and identify four quadrants for the scenario planning. 
To provide detail to help interpret these scenarios for 
easy application, they were then developed in detail 
using the findings of the studies conducted. This was 
informed by learning that with different mechanisms of 
consumer interaction, the location of design can move 
from being within the company, or beyond its control. 
Because of this, companies of different sizes need to 
employ different approaches to consumer engagement. 
In addition, it was observed that technology is a key 
enabler of different contexts, and it is important to 
consider where technological development and data 
availability will impact the products and services 
available. Therefore, each scenario describes the future 
of BAU based on four core factors:

• Design: Is it carried out by consumers, or by experts?

• Technology: Are important developments needed to 
support the supply chains, production, or consumer 
engagement?

• Data: Is the most available and appropriate data 
used for consumer engagement big or small?

• Companies: Are they large multinationals or smaller 
local companies?

Envision: Building future scenarios for 
Business as Unusual

The findings from the two delve phases of this 
research, begin to build a picture of how people-
product interactions can transform product design and 
manufacture towards RdM. The studies have explored 
the impacts of different length life cycles, and the 
different types of interactions that can occur between 
consumers and companies. This enables us to envision 
potential futures for Business-As-Unusual (BAU), and 
explore what new products, business models and 
customer interactions could be realised by these new 
systems of production and consumption.

Scenario planning is a methodology widely used by 
industry as a strategic planning tool which “aims 
to rediscover the original entrepreneurial power of 
foresight in contexts of change, complexity, and 
uncertainty. It is precisely in these contexts – not in 
stable times – that the real opportunities lie to gain 
competitive advantage through strategy”31 (Wack, 
1985). In this way, envisioning future scenarios enables 
companies to understand how the future might look 
based on the critical uncertainties facing them. The 
most common approach is the ‘two axes method’ in 
which these uncertainties are mapped onto two axes, 
allowing four contrasting scenarios to be generated32. 
These visions of the future can then be used for 
targeting shifts in business mind-set, strategy and 
activity. In this feasibility study, scenario planning is 
used to visualise the potential of BAU. The futures 
produced can then be used to identify opportunities 
and build stories about the products or services that 
could be enabled by RdM.

Setting the context for Business as Unusual
In line with the aims of the RECODE network, and 
of this feasibility study, the future vision of BAU is 
based on three key assertions – that manufacturing 
is localised, people are involved in the design of 
their products, and overall resource use is low. 
Based on these three founding concepts, two critical 
uncertainties (or in this case, opportunities) were 
identified:

• Product longevity: The length of the lifecycle of 
different types of products can vary greatly, from 
durables to disposables. Short life cycle products 
can include items such as food, personal care, and 
often fashion. Long life cycle products can include 
items such as electronic goods, furniture and 
homewares.
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3. Tailored temporaries (short life cycle + customer led 
design)

 In this scenario circular products with short life 
cycles are personalised, used, and recycled in a 
localised system. They are designed by individual 
consumers who tailor their products through 
dedicated online portals. Technology development 
is focussed in the realisation of flexible production, 
recovery and recycling processes that facilitate 
these new consumer centric business models. 
Businesses of various scales work with end users 
in both online and physical portals to enable 
customisation and production of their products 
locally.

4. Engaging endurables (long life cycle + customer led 
design)

 In this scenario durable products with very long 
life cycles are crafted and exchanged in localised 
systems. They are designed by individual customers 
who work with the makers to customise their 
purchases. Technology development is focussed 
in platforms to facilitate consumer engagement 
and co-design, and build local networks of makers, 
maintainers and exchangers. Local businesses work 
with end users through apps, service provision, and 
physical purchase and repair points.

Future Scenarios of Business as Unusual
The four BAU scenarios developed are shown in Figure 
10, and describe low resource use, consumer engaged, 
RdM in four different ways as follows:

1. Circular consumables (short life cycle + customer 
inspired design)

 In this scenario circular products with short life 
cycles are produced, consumed, and recycled in a 
localised system. They are designed by gathering 
crowd sourced data to understand the needs of 
many. Technology development is focussed in the 
realisation of flexible and comprehensive recycling 
processes, and online systems that enable the 
collection and interpretation of these consumer 
preferences. Large multinational corporations use 
these big data feedback mechanisms to dictate the 
products to be manufactured in localised flexible 
production systems.

2. Democratic desirables (long life cycle + customer 
inspired design)

 In this scenario connected products with 
extended life cycles are produced, maintained 
and exchanged in a localised system. They are 
designed by monitoring life cycle data collected 
from embedded sensors. Technology development 
is focussed in realising flexible systems of supply 
and assembly, and in mechanisms that encourage 
simple maintenance and upgrade. Large companies 
gather big data in real time to understand trends 
and behaviours, and translate these into targeted 
offerings a localised branches and assembly 
centres. 

Figure 10 Business as Unusual scenarios

Consumer Inspired
(primary big data driven)

Short Life Cycle

CIRCULAR
CONSUMABLES

TAILORED
TEMPORARIES

DEMOCRATIC
DESIRABLES

ENGAGING
ENDRABLES

Long Life Cycle

Consumer Led
(primary big data driven)



63

21

This exercise generated many unexpected results 
and interesting insights. For example, the scenarios 
were not used to describe the product sectors the 
investigators had in mind, and each group interpreted 
the scope of consideration differently. From this, 
compelling stories of BAU products are laid out, 
identifying novel business models that may emerge as 
a result of local manufacturing with a low throughput 
of resources. These example BAU products are taken 
forwards into the following section of the report where 
they were used to develop consumer journeys.

Business as Unusual Storytelling
Each scenario puts forward a different vision of the 
future for different types of product and company. 
When developing the scenarios, the investigators could 
infer potential products and services in each of the four 
scenarios based on their work. However, to test their 
applicability for imagining completely novel systems, 
we held a workshop in which these basic outlines were 
used to develop new product concepts. We invited 
a range of industrial practitioners, academics, and 
post-graduate students who each came from different 
disciplines and viewpoints, with no prior knowledge of 
the work. We divided them into groups, one for each 
scenario, and asked them to develop a product story 
that crossed the whole life cycle. Their outputs are 
shown in Table 3.

Table 3 BaU scenarios workshop product concepts

Circular 
consumables

Democratic 
desirables

Engaging 
endurables

Tailored 
temporaries

Which product? Personalised party 
game bundles rental

Smart kettle service Personalised jumpers Servitised fashion

What happens 
during the design 
phase?

Trend scanning for the 
company (with 
consumer as an 
observer)

Data collected locally 
from smart kettles is 
used by companies 
who share the insights

Prosumer designed 
across the lifecycle by 
consensus, with the 
designer as a 
facilitator

A general data base 
holds information 
about customer body 
scans, special flexible 
materials and 
manufacturing 
processes

What happens 
during the purchase 
phase?

Online marketplace for 
brokering and 
customising deal

Tier pricing is used as 
an incentive, based on 
the data shared with 
the companies

There is a perception 
of individuality at 
initial purchase, with 
multiple avenues for 
swapping and 
repurchasing second 
hand

Freemium model 
where customers can 
customise their 
garments online 
through a facilitated 
portal, or in person in 
experiential stores

What happens 
during the use 
phase?

During the special 
event the product is 
used and retained

Data is gathered to 
allow local 
maintenance to be 
scheduled as 
needed, and trust is 
built. Findings shared 
with legislative bodies

Different cycles of 
use with consumers 
engaged in re-design 
of a second life where 
needed

Real time 
customisation via app 
which allows them to 
be checked for signs 
of wear, repaired and 
even cleaned

What happens 
during the disposal 
phase?

Collected by company 
for re-use and 
recycling where 
applicable

Data from use phase 
enables prediction of 
best end of life 
management options

Swap, resell, or 
unprint/reprint to make 
something new

Taken back for 
recycling and 
upcycling
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Ideal journeys of people-product 
interactions for RdM

Envisioning future scenarios gave several alternative 
models of how BAU might look in the future for 
different products. To understand which novel 
touchpoints, interactions and services might be 
needed to support these new business models, a 
second workshop exercise was conducted. In this, the 
participants were asked to create a map of an ideal 
customer journey for their proposed product lifecycle.

Customer interaction cards
To help participants generate visions of their 
customer journeys, a set of Customer Interaction 
Cards were developed (https://doi.org/10.6084/
m9.figshare.4749727.v2). Method cards such as these 
are used widely in design practice as a tool for enabling 
collaborative ideas exchange, and allowing participants 
to visualise and converge on concepts together33. In 
this case, each individual card designed contained 
details of a touchpoint identified in the ‘map’ phase of 
this project, as shown in Figure 11.

A full set of cards was produced containing each 
touchpoint, and these were then paired with a 
populated Consumer Intervention Map to help users 
locate the touchpoints in their suggested location of 
use, as shown in Figure 12. A number of blank cards 
were also created to encourage participants to invent 
completely new interactions, if they were unable to find 
what they wanted in the card deck already.

Figure 11 Layout of example customer interaction card

Figure 12 Customer interaction cards and map
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Figure 11 Layout of example customer interaction card

Business as Unusual Customer Journeys
In the workshop, each group was given a full set 
of Customer Interaction Cards, and a large blank 
Customer Journey Space on which to map their own 
idealised customer journey based on their product 
concept (outlined in Table 3). The groups then 
placed their cards onto the journey spaces, and drew 
lines across to show ideal customer journeys and 
touchpoints across the product lifecycle. The results 
of this mapping exercise are shown in Figure 13, 
where a black circle shows where the groups created a 
custom touchpoint not contained within the card deck. 
In each case, the groups typically lay a large number 
of cards across the journey space, and then selected 
only a few when drawing their journey paths. To distil 
this mapping activity to these core results, only the 
touchpoints lying on the final paths are shown in  
Figure 13.

Figure 13 Business as Unusual scenarios workshop ideal journeys
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Impacting design and value creation
Novel touchpoints on the fringes of the journey 
space, and in the latter stages of the product lifecycle 
could have far reaching implications on the way new 
products are designed:

• Collaboration: By giving more control to the 
customer during the development of products, 
better communication can be facilitated. This could 
lead to stronger relationships between companies 
and people that last the full duration of the product 
lifecycle.

• Responsiveness: Closer relationships can also build 
trust and feedback loops between companies and 
customers. This enables more flexibility, and an 
ability to respond and adapt to user needs and other 
uncertainties.

• Business models: More responsive modes of 
operation could unlock new business opportunities 
in RdM, enabled by new manufacturing technologies 
and customer engagement. 

Trends and novel touchpoints
The ideal journeys developed in the workshop show a 
number of observable trends:

• Life cycle stages: Most consumer engagement 
activity is concentrated around the right-hand side 
of the journey space (design and manufacture). 
The bottom left hand quadrant of the journey space 
remained relatively unpopulated (purchase and 
delivery). Many of the new custom touchpoints 
created by the groups were in the post-purchase 
phase (use and disposal).

• Company control: Only a few points of interaction 
have been placed close to the centre (and therefore 
under complete control of the company). Many 
cards were laid around the outside of the journey 
space initially (under complete control of the 
customer), but when it came to selecting the ideal 
journey paths (shown in Figure 15), these outlying 
touchpoints were used less frequently. Most of 
the consumer interaction within these four ideal 
journeys therefore takes place in the central ring 
(under the management of the company).

These findings show a slow growth of touchpoints 
moving outwards, beyond total company control, and 
towards involving the customer. To realise more radical 
models of BAU, improved mechanisms for consumer 
interaction are therefore needed across the breadth of 
the life cycle. These will be particularly useful in the 
latter stages of the product lifecycle to facilitate better 
maintenance and recovery, thus promoting longer 
cycles of use and increased recycling. More compelling 
opportunities are also needed that place the control 
closer to the customer in order to promote improved 
collaboration between companies and people. By 
creating more opportunities for engagement outside 
of these traditional bounds, radically new business 
models of RdM could be enabled.
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This feasibility study was one of five feasibility studies 
on re-distributed manufacture, consumer goods and 
big data. The study looked mainly into: How could we 
engage users in NPD in future re-distributed models 
of sustainable production and consumption? To 
answer this question, the study mapped the different 
product-people interactions to identify the challenges 
and opportunities for user engagement in design and 
manufacture, to further investigate their application 
in order to bridge the gap between users, companies 
and the products that they produce. To further analyse 
these opportunities, two different product-people 
interactions were delved into, to understand how new 
forms of engaging people across the life cycle can 
achieve a more localised and responsive structures 
of manufacturing and product adoption. The results 
of these investigations helped to envision four 
contrasting scenarios of BaU, and generate conceptual 
business models and touchpoints to support these 
novel systems of consumption and production.
Within all phases of this feasibility study, several 
specific opportunities for RdM could be identified that 
can be used to facilitate the realisation of these more 
collaborative, responsive business models:

• Gaming portals and algorithms for interpreting 
data could be utilised to actively involve people 
in the NPD process from the earliest stages of 
development, and support the production of 
products that are tailored for local requirements in 
real time. This can reduce the waste of generating 
unwanted products, and promote an open dialogue 
with end users in specific areas.

• Modes of product maintenance and recovery should 
be encouraged and developed to build relationships 
between companies and customers in the latter 
stages of the product lifecycles (beyond purchase). 
An example of this is encouraging the hacking and 
adaptation of products, thus handing control to 
the customer and enabling them to build enduring 
personal relationships with products. This could 
include both designing products to enable hacking, 
and encouraging adaptation through service 
provision and communication.

• Service models should be expanded and employed 
to not only support maintenance and recovery, but 
also facilitate new points of collaboration with users 
in the early phases of design and manufacture. 
These should focus on enabling the customer to 
have more control and influence on the design, 
and development of their products. In this way, 
new models of service could be enabled by new 
ways of collecting data from products, new ways 
of providing the designer as a facilitator, and new 
portals for collaboration and exchange.

Through this, it can be seen that in many cases 
technological developments could be used to unlock 
new business opportunities for RdM, though which 
enhanced people-product interactions can create 
stronger relationships between companies and people. 
This will enable the realisation of models of production 
and consumption that are more responsive; allowing 
flexibility to respond and adapt to users’ needs and 
uncertainties.

Alongside these observable opportunities, the 
importance of building relationships with customers, 
and the opportunities and challenges involved have 
been highlighted. Future research should therefore 
focus on setting up mechanisms that could inform 
which data is meaningful to be able to respond 
effectively to the intertwined desires, motivations, and 
needs of people within this envisioned RdM landscape. 
As such, further research is needed to delve into 
other possible people-product interactions, and map 
out other plausible futures that could enable a more 
productive, responsive, and ultimately sustainable 
future. 

Potential impact and future research
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RECODE Network 
Business as Unusual: Designing products 
with consumers in the loop 

Background, aim and objectives
A significant challenge faced by consumer product 
manufacturers is to be able to rapidly identify new 
market segments and to respond to those segments 
with products that consumers will buy. Re-Distributed 
Manufacturing (RdM) has the potential to disrupt the 
way we produce and consume products across the 
lifecycle and to create new models of ‘Business as 
Unusual’. New structures of design and manufacturing 
can enable large reductions in resource consumption 
by limiting waste in a supply chain (e.g. reducing 
transport distances) and through addressing the 
flows of resources at critical times in the lifecycle of 
products. It can also enable reduction of R&D waste by 
enabling a more targeted delivery of custom products 
to meet specific user needs and demands in different 
contexts and across extended timespans of the 
product lifecycle.

The aim of this 6-month feasibility study has been to 
map and address the options available for integrating 
users in the New Product Development (NPD) 
processes of future, sustainable product creation. 
This implies that in the future the customer/end user/
consumer is co-creator of the products they wish to 
consume. It also implies the need to determine new 

and emerging market segments. However, identifying 
and responding to these market segments will require 
new forms of organisation, new models for design and 
manufacture, and product lifecycle models that support 
different types of consumption. The drivers for the 
inevitable transformation to re-distributed and resource 
efficient systems must therefore be determined and 
mapped. To this end, this study has brought together 
an interdisciplinary network of academic and industrial 
partners with the following objectives:

1. To understand where, when, and how, 
interactions with consumers occur across the 
various stages of the NPD process and product 
life cycle

2. To investigate how those interactions can scale 
via a data-driven approach to front end NPD 

3. To investigate the product lifecycle stage of 
‘ideation’ and ‘use’, to develop an understanding 
of how a range of consumer interactions in 
product use or repair can be expanded and built 
upon to inform more sustainable models of 
product development in RDM contexts. 

Executive Summary

Figure 1 Consumer Intervention map fully populated with intervention touchpoints
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RECODE Network 
Business as Unusual: Designing products 
with consumers in the loop 

Background, aim and objectives
A significant challenge faced by consumer product 
manufacturers is to be able to rapidly identify new 
market segments and to respond to those segments 
with products that consumers will buy. Re-Distributed 
Manufacturing (RdM) has the potential to disrupt the 
way we produce and consume products across the 
lifecycle and to create new models of ‘Business as 
Unusual’. New structures of design and manufacturing 
can enable large reductions in resource consumption 
by limiting waste in a supply chain (e.g. reducing 
transport distances) and through addressing the 
flows of resources at critical times in the lifecycle of 
products. It can also enable reduction of R&D waste by 
enabling a more targeted delivery of custom products 
to meet specific user needs and demands in different 
contexts and across extended timespans of the 
product lifecycle.

The aim of this 6-month feasibility study has been to 
map and address the options available for integrating 
users in the New Product Development (NPD) 
processes of future, sustainable product creation. 
This implies that in the future the customer/end user/
consumer is co-creator of the products they wish to 
consume. It also implies the need to determine new 

and emerging market segments. However, identifying 
and responding to these market segments will require 
new forms of organisation, new models for design and 
manufacture, and product lifecycle models that support 
different types of consumption. The drivers for the 
inevitable transformation to re-distributed and resource 
efficient systems must therefore be determined and 
mapped. To this end, this study has brought together 
an interdisciplinary network of academic and industrial 
partners with the following objectives:

1. To understand where, when, and how, 
interactions with consumers occur across the 
various stages of the NPD process and product 
life cycle

2. To investigate how those interactions can scale 
via a data-driven approach to front end NPD 

3. To investigate the product lifecycle stage of 
‘ideation’ and ‘use’, to develop an understanding 
of how a range of consumer interactions in 
product use or repair can be expanded and built 
upon to inform more sustainable models of 
product development in RDM contexts. 

Executive Summary

Figure 1 Consumer Intervention map fully populated with intervention touchpoints
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Figure 2 Open Food gaming portal

Contribution to Re-distributed Manufacturing
Specifically, this study has explored how to respond to  
this major challenge: 

How should we engage users in New Product Development 
in future re-distributed models of sustainable production 
and consumption?

This has involved mapping the challenges and 
opportunities for user engaged design and 
manufacture, and investigating their application to 
bridge the gap between users, brands and the products 
they produce. In addition, it has sought to understand 
how the promotion of resource efficient product 
lifecycles can be incorporated within future, more 
localised and responsive structures of manufacturing 
and product adaptation. To meet the established 
objectives the work was divided into four phases:

• Mapped the possible consumer interventions 
across the lifecycle of products, focusing primarily 
on consumer products. This mapping exercise 
(Figure 1), helped to identify the challenges 
and opportunities for user engaged design and 
manufacture, and investigated their application to 
bridge the gap between users and manufacturers. 

• Delved into fast moving consumer goods (FMCG) 
by exploring crowdsourcing techniques such 
as the Open Food gaming portal, to enable 
consumer interactions at large scale with brands 
(Figure 2).

• Delved into durables to explore people-product 
relationships occurring in the lifecycle of 
consumer products, to identify opportunities 
for re-distributed models of production and 
consumption. This exploratory research 
suggested that developing a better understanding 
of the opportunities and challenges posed by 
long-life products, alongside the potential of 
different people-product interactions in product 
life, will support evolving cultures of sufficiency 
and the creation of new business (Figure 3a) for 
sustainable production and consumption. This 
increased sustainability would not be possible 
if accessibility to repair/maintenance spaces 
wasn’t available. Hence, opportunities for the 
re-distribution of these facilities would be key to 
become mainstream.In addition, for these spaces 
to thrive, the concept of RdM could help to set 
up the capacity for new collaborations between 
original equipment manufacturers and suppliers 
of parts as well as upskilling programmes. 
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• Envisioned models, future work and enablers 
towards transforming product design and 
manufacturing through RdM types of organisation. 
As the findings from the two delve phases of this 
research began to build a picture of how people-
product interactions can transform product design 
and manufacture towards RdM, four scenarios of 
Business as Unusual were developed (Figure 3a 
and 3b).

Each scenario puts forward a different vision of the 
future for different types of product and company. 
When developing the scenarios, the investigators could 
infer potential products and services in each  
of the four scenarios based on their work. 

However, to test their applicability for imagining 
completely novel systems, we held a workshop in 
which these basic outlines were used to develop new 
product concepts. The main results of the workshop 
showed novel touchpoints on product-people 
interactions, being collaboration, responsiveness and 
business models the far-reaching implications on the 
way new products are designed. 

Impact and future research 
This feasibility study was one of five feasibility studies 
on re-distributed manufacture, consumer goods and 
big data. Primarily the study investigated: How could 
we engage users in NPD in future re-distributed models 
of sustainable production and consumption? To 
answer this question, the study mapped the different 
product-people interactions to identify the challenges 
and opportunities for user engagement in design and 
manufacture, to further investigate their application 
to bridge the gap between users, companies and 
the products that they produce. To further analyse 
these opportunities, two different product-people 
interactions were delved into, to understand how new 
forms of engaging people across the life cycle can 
achieve more localised and responsive structures 
of manufacturing and product adoption. The results 
of these investigations helped to envision four 
contrasting scenarios of Business as Unusual, and 
generate conceptual business models and touchpoints 
to support these novel systems of consumption and 
production. Within all phases of this feasibility study, 
several specific opportunities for RdM were identified 
that can be used to facilitate the realisation of more 
collaborative, responsive business models:

• Gaming portals and algorithms for interpreting 
data could be utilised to actively involve people 
in the NPD process from the earliest stages of 
development, and support the production of 
products that are tailored for local requirements in 
real time. This can reduce the waste of generating 
unwanted products, and promote an open dialogue 
with end users in specific areas.

• Modes of product maintenance and recovery 
should be encouraged and developed to 
build relationships between companies and 
customers in the latter stages of the product 
lifecycles (beyond purchase). An example of this 
is encouraging the hacking and adaptation of 
products, thus handing control to the customer 
and enabling them to build enduring personal 
relationships with products. This could include 
both designing products to enable hacking, and 
encouraging adaptation through service provision 
and communication.

• Service models should be expanded and employed 
to not only support maintenance and recovery, 
but also to facilitate new points of collaboration 
with users in the early phases of design and 
manufacture. These should focus on enabling the 
customer to have more control and influence on 
the design and development of their products. In 
this way, new models of service could be enabled 
by new ways of collecting data from products, new 
ways of providing the designer as a facilitator, and 
new portals for collaboration and exchange.

In many cases, technological developments could be 
used to unlock new business opportunities for RdM, 
through which enhanced people-product interactions 
can create stronger relationships between companies 
and people. This will enable the realisation of models 
of production and consumption that are more 
responsive; allowing flexibility to respond and adapt to 
users’ needs and uncertainties. 

Alongside these observable opportunities, the 
importance of building relationships with customers, 
and the opportunities and challenges involved have 
been highlighted. Future research should therefore 
focus on setting up mechanisms that could inform 
which data is meaningful to be able to respond 
effectively to the intertwined desires, motivations, and 
needs of people within this envisioned RdM landscape.

As such, further research is needed to delve into 
other possible people-product interactions, and map 
out other plausible futures that could enable a more 
productive, responsive, and ultimately sustainable 

1Panagiotis Tsimiklis and Charalampos Makatsoris*, (2015), “An Open Innovation Framework for Market Driven 
Sustainable Food Manufacturing”, Food Studies: An Interdisciplinary Journal, Volume 5, Issue 3, pp.1-21
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RECODE Network

The EPSRC-ESRC funded Network in 
Consumer Goods, Big Data and Re-Distributed 
Manufacturing (RECODE) has been created to 
develop an active and engaged community to 
identify, test and evaluate a multi-disciplinary 
vision and research agenda associated with the 
application of big data in the transition towards a 
Re-distributed Manufacturing model for consumer 
goods.

The exponential growth of available and 
potentially valuable data, often referred to as 
big data, is already facilitating transformational 
change across sectors and holds enormous 
potential to address many of the key challenges 
being faced by the manufacturing industry 
including increased scarcity of resources, 
diverse global markets and a trend towards mass 
customisation. The consumer goods industry, has 
remained largely unchanged and is characterised 
by mass manufacture through multi-national 
corporations and globally dispersed supply 
chains. The role of Re-distributed Manufacturing 
in this sector is often overlooked, yet there is 
great potential, when combined with timely 
advances in big data, to re-define the consumer 
goods industry by changing the economics and 
organisation of manufacturing, particularly with 
regard to location and scale.

The RECODE Network conducted five feasibility 
studies led by the academic core partners, 
steering group partners, and new partners who 
joined through the RECODE Sandpit on 02-03 
March 2016. A multidisciplinary team comprised 
of internationally renowned experts from Cranfield 
University and Teeside University and practicing 
industry leaders in the fields of manufacture, big 
data, circular economy and consumer goods, were 
involved in the delivery of this feasibility study. 

RECODE has developed novel methods and 
undertaken innovative events to engage 
communities of academics, international 
experts, user groups, government and industrial 
organisations to define and scope a shared 
multi-disciplinary vision and research agenda. 
To find out more, visit our website: 
http://www.recode-network.com
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The RECODE Network envisages a connected, localised 
and inclusive model of production and consumption 
that is driven by the exponential growth and embedded 
value of big data. The use of data to narrow the gap 
between manufacturers and end users to enable 
user-driven design of customised goods and services 
at a local scale through ad-hoc supply chains and 
on-demand production also enables significant 
opportunity for circular innovation and localised, 
regenerative models of production. Estimates indicate 
that the total material value of consumer goods is 
US$3.2 trillion, with approximately 80% of materials 
ending up in landfills, incinerators or wastewater  
removing the potential to feed these valuable materials 
back into the system. Data driven insight has the 
potential to inform and incentivise circular models 
of production and, uncovering opportunities for new 
revenue streams for manufacturers and suppliers 
and developing new circular business models based 
on local and connected value streams. This 6-month 
feasibility study aimed to investigate the opportunities, 
challenges and requirements for big data and re-
distributed manufacturing in the development of 
localised and circular models of consumer goods 
production and consumption. This aim was fulfilled 
through undertaking the following objectives:

• Review and analyse existing local and regional 
business models to identify and compare 
examples of circular and re-distributed activity 
and the associated opportunities, challenges and 
requirements,

• Identify and select three local use cases, 
from within the consumer goods sector, that 
demonstrate, or have the potential to enable, 
circular and re-distributed activity,

• Map, model and analyse the flow of materials, 
data, revenue and stakeholder interaction for each 
case to demonstrate the potential opportunities, 
challenges and requirements for re-distributed 
manufacture and circular innovation,

• Use findings to contribute to the RECODE Network 
roadmap to define areas of future research 
necessary to move towards a data-driven model of 
localised and circular production and consumption.

For the purpose of this report, a circular economy will 
be defined as an “industrial economy that is restorative 
by intention and design where transformational changes 
through innovations are applied to decouple human 
wellbeing form resource use and environmental impact1,p7.” 
In addition, Re-distributed Manufacturing (RdM) will 
be defined as ‘the shift from centralized to decentralized 
manufacture with the aim to create a more resilient and 
connected system taking advantage of digital intelligence 
and newly emerging technologies, to provide agile, user 
driven approach that will allow for personalisation and 
customisation of products to local markets’. 

The investigation at the interface of these two 
concepts, resulted in identifying the fundamentals 
drivers of a circular economy and RdM, to define a set 
of criteria that describe the similarities and differences 
of both models to distinguish the opportunities to 
deliver more regenerative and resilient systems of 
production and consumption.

In respect to the circular economy, three fundamental 
drivers are identified: resource constraints, 
technological development and socio-economic 
opportunities3. These drivers are not too dissimilar 
to the drivers that could enable the decentralisation 
of manufacturing. Although, RdM is not primarily 
driven by a need to address sustainability issues, it is 
predicted that the introduction of digital intelligence 
and connected objects would potentially reduce 
resource use and will enable circular systems2. 
Emerging technologies such as automation and 
robotics, big data analytics, the Internet of Things 
(IoT), additive manufacturing, cloud computing, mobile 
technologies, social networks, and modular design 
amongst others support the transition towards more 
connected decentralised manufacturing systems4. 
A clear strategic vision of the capabilities of digital 
intelligence to enable RdM is the German vision 
of Industry 4.0. INDUSTRIE 4.0 is described as the 
“paradigm shift from ‘centralised’ to ‘decentralised’ 
production made possible by technological advances 
which constitute a reversal of conventional production 
process logic5.”
 
To enable RdM in the consumer goods sector there 
is clear evidence of the opportunities that could be 
enabled by the application of digital intelligence. To 
relate these opportunities to the circular economy 
it is important to analyse the environmental and 
socio-economic benefits that their application in 
the consumer goods sector could bring. In terms 
of environmental benefits, digital intelligence will 
support new business models to effectively manage 
resources within markets, ensure waste is eliminated 
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and monetized, and support selling products as 
services which will enable keeping products in longer 
use to minimise waste and resources4,6. In addition, 
if technologies such as additive manufacturing 
are intentionally designed to reduce the amount of 
materials required in production, it could contribute to 
reduce the use of resources and waste. Emissions from 
transportation could also be minimised by increased 
flexibility and greater control provided by the use of 
digital intelligence. Shifting to regional and localised 
manufacturing increases the potential to minimise 
transport and internalise material flows by being closer 
to the consumer7.

To better understand the socio-economic benefits, 
would require an understanding of where real value 
could be created by addressing a set of system 
issues, and enabling new business models for the 
consumer goods sector9. For example, the use of 
digital intelligence can improve productivity and 
production efficiency. It is predicted that Industry 
4.0 will be embraced by more companies, boosting 
German productivity by €90 billion to €150 billion in 
the next five to ten years6. In addition, it is evident 
that companies are constantly constrained by risks 
resulting from climate change, currency fluctuation and 
resource security affecting global supply chains. Thus, 
digital intelligence can be useful to run more resource-
productive supply chains by optimising operations, 
setting in place an optimised inventory, and predicting 
maintenance8. Take for example new technologies 
that allow trace and return systems. These systems 
are enabled by digital and physical technologies that 
allow products to be traced and transferred from end 
users to the manufacturer or a third party, keeping 
track and control of assets. By using real time data, it 
would be more cost-effective for companies to monitor, 
predict and prevent breakdowns of products and at 
the same time enable collection for service repair, 
recover, reuse, or refurbish. With advanced recycling 
technologies, trace and return systems will also drive 
new opportunities to collect, process, and reuse 
materials, leading to more interconnected markets in 
which outputs are used across industries as inputs.

Digital intelligence will also create added value through 
high customisation of products and services. Mass 
customisation is foreseen as a dominant model for 
satisfying varying consumer needs9. This will not 
just drive revenue growth as consumers would be 
prepared to pay a premium up to 10% for personalised 
goods, but also will enable closer relationships 
between companies and the communities they 
operate within10. Consumers would gain more value 
through convenience, time saving, and more attractive 
customised promotions. High customisation will 
also provide a significant breakthrough in health and 
wellbeing. Digital intelligence is already being used to 
monitor and treat illness, and it is foreseeing that it will 
improve wellness by using data generated by wearable 
technologies to track and modify diet and exercise 
routines. It is predicted that these technologies will cut 
the costs of chronic disease treatment by as much as 
50%11.
 
The application of digital intelligence within the 
consumer goods sector will increase the demand for 
employees with certain skills in software development 
and IT technologies12. However, the decentralisation 
of manufacturing might not lead to the creation of 
significant numbers of new jobs as greater automation 
will displace some of the often low skilled labourers8. 
As such, greater education and training to adopt good 
analytical capabilities as well as software development 
capabilities would need to be a feasible option for 
many. Thus a shift in the skill profile is required to 
deliver significant value.

Different characteristics were identified to define RdM 
and circular innovation. As both fields of research are 
still in their infancy, the available literature is disjointed, 
with multiple perspectives. The characteristics were 
therefore developed based on the current review of 
literature and the most well used definitions of RdM 
and circular innovation, introduced before. Findings 
from the literature review were thematically analysed 
and categorised into themes and sub-themes by the 
researchers. This analysis resulted in five themes and 
19 sub-themes to define RdM and four themes and 
17 sub-themes to define circular innovation. These 
themes became the criteria against which to analyse 
33 chosen case studies of existing local, regional 
and global business models within the consumer 
goods sector. To choose the case studies they had to 
demonstrate: 1) the use of digital intelligence, 
2) de-centralised, re-distributed and circular production 
and consumption, and 3) had to be business to 
consumer in which the final user is an individual or 
household. The case studies analysed, referred to 
in Figure 1, belong to different sub-sectors of the 
consumer goods industry according to Euromonitor 
International Databasea. The sample of case studies 
was sourced from online resources such as reports, 
news, blogs , and websites.

RdM and circular characteristics
The RdM characteristics were classified into 
Localisation, Customisation, Distributed Ownership, 
Distributed Knowledge and Distributed Structure.
 
a. Localisation: RdM is about decentralising the 

raw materials and methods of fabrication, so the 
final product is manufactured very close to the 
final customer12. As such elements of localisation 
such as regional and urban settings needed to be 
considered. On-shoring, where the repatriation of 
production from low cost locations is a continued 
trend, off-shoring in certain consumer goods sub-
sectors will continue to happen in the short term 
due to proximity of raw materials and costs5. Thus 
in the short term, we will see a geographically 
distributed production system in which will be 
based on a decentralised production structure with 
different facilities13.

b. Customisation: Distributed production brings a 
range of emerging practices where households 
can affect what is produced from product 
personalisation to personal fabrication. In addition, 
the use of digital intelligence enables these 
practices to enter a mainstream of customisation in 
different forms11. Thus, distributed production could 
be classified according to its landscape regarding 

the level of customisation and control over user 
versus its scale. For example, mass customisation 
refers to individual mass production for a large 
market meeting different needs; bespoke fabrication 
and information, tailors individual products and 
services according to users needs; and mass/
personal fabrication, uses open source design 
platforms to enable the democratisation of design. 
Customisation is also related to providing wellbeing, 
fitness and tailored promotions8.

c. Distributed ownership: The use of digital 
intelligence in distributed models of production and 
consumption are facilitating new business models 
in which ownership is shifting to access through 
providing robust products alongside long-term 
services5. Distributed ownership has been studied 
by different scholars over the last 20 years under 
the topic of product service systems (PSS). The 
common classification of PSS is Product Oriented, 
Use Oriented and Result Oriented14. The latter is not 
considered as a category of distributed ownership 
as the the production system is completely replaced 
by a service. E.g. BlablaCarb is a ride sharing 
platform in which drivers share their ride with other 
users heading to the same direction. In this case the 
production of ‘new’ cars are replaced by a service 
that uses existing cars.

d. Distributed knowledge: Distributed production 
needs the adoption of production networks, which 
are coordinated. Thus distribution and transfer 
of knowledge will be essential to facilitate RdM. 
Knowledge is seen in different forms. Open source 
innovation offers a closer interaction between 
consumer, designer and producer in which co-
creation is busted through shared knowledge11. To 
take advantage of the opportunities that connected 
manufacturing could bring through the application 
of cyber-physical-systems known as Industry 4.0, 
support and knowledge to develop the sufficient 
skills to be able to use demanding technologies 
would be essential13. Industry 4.0 has the capacity 
to address the increasing complexity of products 
and their supply chain, by providing a full integration 
of information and knowledge between production 
and planning levels, and further to customers and 
suppliers. Distribution of knowledge can be finally 
referred to the use of ancient skills such as craft 
skills and bridging them with digital technologies. In 
addition, large benefits could be seen from transfer 
knowledge of craftsmanship production with 
digitalised production.

Background research

a http://www.euromonitor.com
b https://www.blablacar.co.uk
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and global business models within the consumer 
goods sector. To choose the case studies they had to 
demonstrate: 1) the use of digital intelligence, 
2) de-centralised, re-distributed and circular production 
and consumption, and 3) had to be business to 
consumer in which the final user is an individual or 
household. The case studies analysed, referred to 
in Figure 1, belong to different sub-sectors of the 
consumer goods industry according to Euromonitor 
International Databasea. The sample of case studies 
was sourced from online resources such as reports, 
news, blogs , and websites.

RdM and circular characteristics
The RdM characteristics were classified into 
Localisation, Customisation, Distributed Ownership, 
Distributed Knowledge and Distributed Structure.
 
a. Localisation: RdM is about decentralising the 

raw materials and methods of fabrication, so the 
final product is manufactured very close to the 
final customer12. As such elements of localisation 
such as regional and urban settings needed to be 
considered. On-shoring, where the repatriation of 
production from low cost locations is a continued 
trend, off-shoring in certain consumer goods sub-
sectors will continue to happen in the short term 
due to proximity of raw materials and costs5. Thus 
in the short term, we will see a geographically 
distributed production system in which will be 
based on a decentralised production structure with 
different facilities13.

b. Customisation: Distributed production brings a 
range of emerging practices where households 
can affect what is produced from product 
personalisation to personal fabrication. In addition, 
the use of digital intelligence enables these 
practices to enter a mainstream of customisation in 
different forms11. Thus, distributed production could 
be classified according to its landscape regarding 

the level of customisation and control over user 
versus its scale. For example, mass customisation 
refers to individual mass production for a large 
market meeting different needs; bespoke fabrication 
and information, tailors individual products and 
services according to users needs; and mass/
personal fabrication, uses open source design 
platforms to enable the democratisation of design. 
Customisation is also related to providing wellbeing, 
fitness and tailored promotions8.

c. Distributed ownership: The use of digital 
intelligence in distributed models of production and 
consumption are facilitating new business models 
in which ownership is shifting to access through 
providing robust products alongside long-term 
services5. Distributed ownership has been studied 
by different scholars over the last 20 years under 
the topic of product service systems (PSS). The 
common classification of PSS is Product Oriented, 
Use Oriented and Result Oriented14. The latter is not 
considered as a category of distributed ownership 
as the the production system is completely replaced 
by a service. E.g. BlablaCarb is a ride sharing 
platform in which drivers share their ride with other 
users heading to the same direction. In this case the 
production of ‘new’ cars are replaced by a service 
that uses existing cars.

d. Distributed knowledge: Distributed production 
needs the adoption of production networks, which 
are coordinated. Thus distribution and transfer 
of knowledge will be essential to facilitate RdM. 
Knowledge is seen in different forms. Open source 
innovation offers a closer interaction between 
consumer, designer and producer in which co-
creation is busted through shared knowledge11. To 
take advantage of the opportunities that connected 
manufacturing could bring through the application 
of cyber-physical-systems known as Industry 4.0, 
support and knowledge to develop the sufficient 
skills to be able to use demanding technologies 
would be essential13. Industry 4.0 has the capacity 
to address the increasing complexity of products 
and their supply chain, by providing a full integration 
of information and knowledge between production 
and planning levels, and further to customers and 
suppliers. Distribution of knowledge can be finally 
referred to the use of ancient skills such as craft 
skills and bridging them with digital technologies. In 
addition, large benefits could be seen from transfer 
knowledge of craftsmanship production with 
digitalised production.

Background research

a http://www.euromonitor.com
b https://www.blablacar.co.uk
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e. Distributed structure: Distributed structure refers 
to the structural changes needed to facilitate RdM. 
De-centralisation of manufacturing processes will 
need to have an effective use of global capabilities 
and adaptable logistic systems to achieve an 
integrated supply chain enabled by the use of 
digital intelligence5. RdM might also disrupt current 
retail environments. This is continually increasing 
by shifting from physical retail to online retailing. 
Localisation and de-centralisation of manufacturing 
enabled by digital intelligence could enable 
manufacturers to become the retailer allowing a 
distributed retailing process.

Circular innovation characteristics were classified 
according to the 5 principles of the circular economy, 
which were interpreted as value optimisation (principle 
2), resource efficiency and sufficiency (principle 1 & 
3), continued ownership (principle 4) and economic 
viability (principle 5)15.
  
a. Value optimisation: The main focus of the circular 

economy is to increase the optimization of value 
creation through an intelligent management of 
all resources including: human labour, skills and 
experience, health (including minimizing social 
issues) and healthcare, education and knowledge, 
culture and cultural heritage, and natural capital 
(comprising biodiversity and natural resources)16.

b. Resource efficiency and sufficiency: Efficiency 
and sufficiency are metrics to quantify material 
efficiency and reductions in material consumption 
and emissions. Efficiency and sufficiency should 
be achieved in: water, energy, embodied energy, 
Co2e emissions, end of life through recovery 
and recycling, reduction of transport and virgin 
materials16.  

c. Continued ownership: Continue ownership by selling 
goods as services or performance could internalise 
the cost of risk and of waste, and could provide 
future resource security. Longer and intensive use 
(based on leasing and share use respectively) are 
explored as potential circular models for continued 
ownership7. In addition, product life extension is one 
of five circular business models based on continued 
ownership to recapture value of products through 
reuse, repair, remanufacture and remarketing 
goods4. 

d. Economic viability: A circular economy needs 
functioning markets. Thus, economic viability is 
essential. To shift towards a circular economy 
that is economically viable, companies will need 
to think about internalising the cost of risk and 
waste, have an intelligent use of human labour and 
foster regional job creation, and developing a value 
network that is based on supply chain integration17. 

Circular and re-distributed case studies  
The case studies were analysed, case-by-case, against 
the characteristics of RdM and circular innovation 
explained above. Through using secondary data each 
case study was assessed to understand if they met or 
not each criterion (Figure 1) where a characteristic was 
not found to be represented in a case study the field 
was left blank. The analysis was undertaken by the 
researchers through two iterations of analysis. Once 
the analysis was complete a workshop was undertaken 
with a panel of three experts from across the fields 
of design, consumer goods and digital intelligence, 
to validate the criteria, selection of case studies and 
analysis.  Figure 1 represents a matrix in which 33 
case studies (vertical axis) were analysed against the 
RdM and circular innovation characteristics (horizontal 
axis). A circle was used to depict what criteria was met 
by each case study. 

Figure 1 Matrix: `analysis of case studies in relation to RdM and Circular Innovation criteria 
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Figure 1 Matrix: `analysis of case studies in relation to RdM and Circular Innovation criteria 
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From this analysis, it became evident that there 
were several different types of RdM in which circular 
innovation characteristics were identified. Further 
analysis of the case studies was undertaken, 
particularly focusing on: the application of digital 
intelligence, the integration of distributed knowledge 
between the production and consumption processes, 
the levels of customisation that can be achieved, the 
potential to optimise and deliver value whilst at the 
same time enabling closed-loop systems of production 
and consumption, and the scale of de-centralisation 
and localisation. From this analysis three types of RdM 
with circular innovation characteristics were identified 
(Figure 2). 

Distributed production and services
This model represents distributed manufacture 
that captures big data to monitor the processes of 
production and consumption. From the three models, 
this is the one that has the least potential of capturing 
and delivering value and is most closely linked to 
our current system, therefore the most cases were 
identified. This is because most of its capabilities relies 
on monitoring production and consumption processes. 
Also, it mainly happens off-shore with some on-shore 
capabilities of manufacture and re-manufacture as well 
as local capabilities to manage logistical operations. 
Big data is used to enable mass customisation as 
it flows just in one direction. Some closed loops of 
material flows could be captured through monitoring 
end users. Case studies that were analysed as having 
these characteristics and represent this model, include 
Sugru, M&S Shwopping, Splosh and Environcom.

Circular RdM models in the consumer 
goods sector

Figure 2 Types of RdM models with circular innovation characteristics
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Connected production and services 
This type represents a distributed and digitally 
connected model. This model can considerably 
capture high optimisation and delivery of value. This 
is because, despite manufacture still taking place 
off-shore and on-shore, it demonstrates a closer 
proximity to the end user that allows a radical model 
of consumer goods production, purchase and use. 
With the use of big data, users can engage in a data-
driven open innovation process in which high level of 
customisation occur as demonstrated in the Opendesk 
case. It also demonstrates high optimisation of 
manufacturing processes and logistical operations 
through the use of digital intelligence such as used 
by Abel and Cole. In addition, the two-way flows of 
big data represented in this model allows material 
flows to be closed easily by the monitor, control and 
optimisation of resources.
 
Localised production and services
The third type identified represents a localised and 
highly digitally connected model of RdM where 
everything is done on-shore and the retail ecosystem is 
completely re-distributed contributing to the potential 
of capturing the highest value amongst the three 
models. This is because users are highly involved in 
an open be-spoke design and manufacture process, 
where consumer goods are produced and sold in the 
same physical or digital space. Personalisation is the 
key driver as well as shorter supply chains. This model 
enables high control and optimisation of resources 
as material flows happen in proximity to the factory 
and retail floor. The case study Unto- This-Last is an 
example of this type of RdM. This type of RdM was 
identified as being the least represented by the case 
studies as it is the most radical model requiring the 
biggest transformation to our current system.

Figure 3 Digital intelligence and capabilities of each 
analysed case study  

A further analysis of the case studies and their 
use of digital intelligence was conducted, to better 
understand how the case studies represent the three 
types of RdM represented in Figure 2.
 
To do this analysis, the researchers looked at four 
different capabilities that emerging technologies have 
(i.e. monitor, control, optimization and autonomy)18  
that will enable opportunities for circular and 
distributed systems. Monitor refers to using data to 
assess a product’s condition, external environment, 
product’s operation and usage, and allows notification 
of changes on production or consumption processes. 
Control is enabled by software embedded in the 
product to regulate product functions and to 
personalize user experiences. Optimization is possible 
by using algorithms that enhance product operations, 
performance and allows predicting diagnostics for 
servicing such as maintenance and repair. Autonomy 
combines the other three capabilities to have an 
autonomous product operation, in which a consumer 
product communicates with other products and 
systems and is able to conduct self-diagnosis for 
servicing. These capabilities build on the preceding one 
helping companies to define the value that they want to 
capture and deliver.

Figure 3 depicts the different case studies represented 
by each type of RdM, according to their digital 
intelligence capabilities. Furthermore, a consultation 
was undertaken with a panel of three industry experts 
from across the fields of design, consumer goods and 
digital intelligence to select a suitable case study per 
type of RdM to be further analysed. This selection was 
done according to the consumer goods sector that the 
case studies belong to, their use of digital intelligence 
and their capabilities to enable circularity within their 
business model. Figure 3 also presents the three 
selected case studies: Splosh, Graze and Unto This 
Last.

A further review looking at digital intelligence and 
RdM, identified four key areas to consider when 
looking to apply circular economy principles to develop 
a framework to further analyse the selected case 
studies. The review identified four key areas to analyse 
the value that can be created by applying circular 
economy principles. These areas are: system enablers, 
supporting systems, product design, and business 
model.

System enablers
The shift to a circular economy model will require 
a number of enablers to facilitate and support the 
required systemic change. One way to enable systemic 
change is through the generation of digital intelligence 
to gain a better understanding of our current systems, 
(i.e. current infrastructure, policy and technological 
systems, amongst others) and identify opportunities 
for innovation2. Digital intelligence through smart, 
connected devices known as IoT, and the application 
of big data analytics could transform how current 
systems are managed. Analysis of these datasets 
can be used to generate intelligence, which can 
substantially improve decision making, minimize 
risks, and reveal insights that would have previously 
remained hidden. Additionally, big data analytics can 
allow for automated decision making or augmentation 
of human decision making, by aiding in the analysis 
of massive datasets that cannot be analysed using a 
traditional spreadsheet8.

Systemic changes in the manufacturing spectrum 
are already happening and are triggering the next 
industrial revolution in which humans as well as 
machines communicate between each other in a cyber-
physical-system19. The concept of RdM is in line with 
the strategic vision of Industry 4.0, as it foresees that 
transformation of current production and consumption 
systems will change due to the integration of digital 
intelligence.

Application of digital intelligence Key areas to achieve circular RdM models
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the value that can be created by applying circular 
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supporting systems, product design, and business 
model.

System enablers
The shift to a circular economy model will require 
a number of enablers to facilitate and support the 
required systemic change. One way to enable systemic 
change is through the generation of digital intelligence 
to gain a better understanding of our current systems, 
(i.e. current infrastructure, policy and technological 
systems, amongst others) and identify opportunities 
for innovation2. Digital intelligence through smart, 
connected devices known as IoT, and the application 
of big data analytics could transform how current 
systems are managed. Analysis of these datasets 
can be used to generate intelligence, which can 
substantially improve decision making, minimize 
risks, and reveal insights that would have previously 
remained hidden. Additionally, big data analytics can 
allow for automated decision making or augmentation 
of human decision making, by aiding in the analysis 
of massive datasets that cannot be analysed using a 
traditional spreadsheet8.

Systemic changes in the manufacturing spectrum 
are already happening and are triggering the next 
industrial revolution in which humans as well as 
machines communicate between each other in a cyber-
physical-system19. The concept of RdM is in line with 
the strategic vision of Industry 4.0, as it foresees that 
transformation of current production and consumption 
systems will change due to the integration of digital 
intelligence.

Application of digital intelligence Key areas to achieve circular RdM models
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Supporting systems
The introduction of digital intelligence is also enabling 
a transformation of the supporting systems along 
supply chains. Smart production processes are 
enabling faster, flexible and efficient manufacturing 
that delivers higher quality of goods at reduced costs20.  
In the retail segment, consumer data is being exploited 
to generate insights and analysis of consumers’ 
preferences and behaviors21. Digital intelligence 
will also significantly increase understanding of the 
post-use stage of the supply chain. The introduction 
of digital intelligence will provide the capability 
to “trace materials anywhere in the supply chain, 
identify products and material factions, and track 
product status during use1, p41.” Insights generated 
from these datasets can help move toward a resource 
management approach that works toward balancing 
the forward and reverse loops of the supply chain22 and 
allow for the the development of an efficient collection 
system that can capture the value remaining in 
material goods once they are used or consumed.
 
In addition, expansion of digital intelligence along the 
supply chain will allow for the development of re-
distributed manufacturing models that shift production 
away from a small number of central locations to a 
more distributed network. Moving manufacturing to 
decentralized locations, closer to consumers, supports 
the development of circular systems that incentivize 
the reuse, redistribution, remanufacture, refurbishment, 
and recycling of material goods.

Product design
The ability to monitor and control physical objects 
will also drive radical changes in how products 
and services are designed. Smart, connected 
capabilities are making substitutions for ownership 
possible leading to the servitisation of products23.  
As companies shift to retaining ownership of their 
assets a whole new set of design principles will be 
required24. These principles include the standardization 
/modularizations of components, use of pure materials, 
and design for easier disassembly1. At the forefront of 
these new design principles is improvement in material 
selection. This requires a shift away from complex 
material combinations to a set of pure materials. 
By recognizing the need for pure material flows and 
designing out leakages from the start, companies are 
able to create arbitrage opportunities that generate 
economic benefits and make investments in reverse 
cycle setups profitable23. The design of planned 
obsolescence used to drive a perpetual cycle of sales 
can also be removed. Instead, it is replaced with a 
set of design principles aimed at extending product 
longevity.

Business model
The development of innovative business models allows 
companies to transform the way that they provide 
value and engage with customers. The introduction 
of digital intelligence and redistributed manufacturing 
models has the potential to fundamentally change 
the ways in which businesses operate and allows for 
the development business models that move beyond 
incremental efficiency gains to radical systemic 
transformations that involve consumer-centric 
approaches to creating, delivering, and capturing 
value3.

In particular, digital intelligence facilitates the 
development of product service system (PSS) business 
models that aim to increase competitiveness and 
profitability25 by creating a marketable set of joint 
products and services to fulfil user’s needs26. In 
addition, these business models drive continuous 
improvement in relation to business practices, product 
and service quality, customer satisfaction and could be 
associated to secure a more resilient supply chain27.  

Taking into consideration the four key areas described 
above, a conceptual framework was developed to 
analyse the value that can be created by applying 
circular economy principles. The framework uses 
four different lenses to evaluate a company’s current 
business practices and examine how these could 
be transformed through the application of circular 
economy principles. Figure 4 depicts the four lenses 
used in this framework (i.e. Design, Supply Chain, 
Business Model, and Digital Intelligence). 

The Four Lens Framework was developed as a tool to 
allow companies to develop an understanding of the 
current system and explore the potential opportunities 
for the application of circular economy principles. The 
framework provides a systematic way for businesses 
to analyse each of these four key areas. This allows 
companies to develop an understanding of the whole 
system and the interrelationship between the various 
subsystems. Additionally, companies can create a 
benchmark of the current system by evaluating current 
business practices through each of the four lenses, 
which can then be compared to the proposed future 
systems. Examples of potential areas of analysis for 
each lens are provided below.

a. Design: Develop an understanding of the current 
product/service. Explore how the product or 
service could be re-designed to facilitate a closed-
loop system through questions such as; are there 
opportunities to improve the materials used, create 
modular components, design for disassembly? 

b. Business model: Develop an understanding of the 
current business model. Explore opportunities 
for business model innovation through questions 
such as; can a business case be created for the 
application of circular principles?

c. Supply chain: Develop an understanding of the 
current supply chain. Explore how the supply 
chain would have to be transformed to support a 
circular system through questions such as; are their 
opportunities for a Re-distributed manufacturing 
model? What would be the associated benefits?

d. Digital intelligence: Develop an understanding of 
current digital intelligence capabilities. Explore 
future opportunities in which data and digital 
solutions can be used to drive innovation through 
questions such as; what impact will the introduction 
or advancement of digital intelligence capabilities 
have on design, business model, and supply chain?

By taking a systematic approach the framework 
provides a way for companies to better understand 
and explore the value that can be generated through 
application of circular economy principles. The 
application of circular economy principles exists on a 
continuum. Circularity can be applied by companies in 
a small degree, through activities such as down-cycling 
material instead of disposal, or to a more substantive 
degree through complete closed loop activities that 
include reuse, refurbishment, and recycling. The 
framework aids companies in the development of 
understanding the potential value of applying these 
principles. By considering all aspects of the system, 
businesses can shift from making decision based on 
cost-benefit analysis to making decisions based on the 
compounding of benefits across the whole system.

Four Lens Framework

Figure 4 Four Lens Framework 

Supply Chain Business Model

Design Digital Intelligence
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solutions can be used to drive innovation through 
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and explore the value that can be generated through 
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degree through complete closed loop activities that 
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understanding the potential value of applying these 
principles. By considering all aspects of the system, 
businesses can shift from making decision based on 
cost-benefit analysis to making decisions based on the 
compounding of benefits across the whole system.
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A cross-case synthesis analysis was conducted 
between Splosh, Graze and Unto-This-Last.
 
a. Splosh: is a UK manufacturer that produces 

concentrated sachets of different cleaning 
products. They provide the user with re-useable 
bottles in which to insert the sachet along with 
hot water. All their formulations are created with 
the environment in mind, with ingredients that are 
sustainable and biodegradable. They cut out the 
retailer as all orders are made online. At the moment 
they do not deliver outside the UK, as they use the 
postal services to deliver the products. 

b. Graze: Is an online retailer and manufacturer based 
in East London. They provide healthy snacks that 
are personalized and delivered in boxes directly to 
the end user. They have developed a range of over 
100 snacks and designed an intelligent algorithm 
(DARWIN - Decision Algorithm Rating What 
Ingredients Next), used to customize each portion 
and optimize the freshness of each ingredient 
used. DARWIN determines how the snack portions 
are sorted into punnets, how Graze boxes are 
labelled, and how they are packed directly into 
postal vans. It also records the customer’s history 
and preferences; monitors stock levels and tracks 
the location of workers on the factory floor. They 
work with small suppliers in Britain and all over the 
world to provide the best quality ingredients. They 
use recyclable and sustainable materials in their 
packaging. They started selling snacks in the US in 
2013.

c. Unto-This-Last: is an ‘open workshop’ which 
enables micro manufacturing at the point of 
sale in the city. Their manufacturing process is 
controlled by digitally controlled cutting tools using 
technology such as parametric modelling, digital 
tools and lean manufacturing, as well as having a 
flexible production system through the development 
of their own software. They produce be-spoke 
furniture meeting the requirements of their clients 
(based locally in London) using certified and non-
toxic materials. 

From each case study analysis 16 conditions 
where digital intelligence and RdM act as enablers 
of circularity, were identified through a thematic 
analysis. Table 1 presents the cross-case synthesis 
regarding the conditions identified for each Lens of the 
framework and the relationship to the previous Circular 
Economy and RdM themes previously identified. The 
conditions identified are within the premise that digital 
intelligence would enable further circular opportunities 
as explained before. Thus, the ‘Digital Lens’ is 
described within the conditions identified.

In-depth case study analysis, identification 
and simulation 

Lens Theme Condition 

Design Customization The three case studies are concerned to deliver high quality products 
that are made to order. Their ability to be customer focused and apply 
user-driven innovation to improve the value proposition delivered, is due 
to the application of digital intelligence. The use of manufacture 
technologies enables them to produce with extreme quality specifications, 
exactly what is ordered without overproduction. With data analytics, they 
can process orders effectively and tailor the product towards customer’s 
requirements. In addition, in the cases of Splosh and Graze, they could 
redesign the packaging for further reuse, and potentially enabled by track 
and trace systems. 

Supply chain Localization The three case studies are categorized as small and medium enterprises 
with a relative small scale operation. Also the three of them praise their 
decentralization as the success of their business model. The use of 
digital intelligence could help them to keep the small scale, decentralized 
operations if they try to expand into a micro-factory franchise model. In 
addition, in the case of Splosh and Graze could help them to develop their 
own optimized delivery system for multi-regional locations.  

Distributed knowledge The three case studies showed opportunities for system integration with 
the use of digital intelligence. In the case of Splosh, they could have a 
single system that captures online orders from different products. Same 
could happen with Graze. In addition, open sourced innovation could be 
enabled in the three cases, however circularity could be enabled further 
through promoting user attachment to the goods produced and sold by 
Unto This Last.

Distributed structure The three case studies removed the traditional retailer by selling online 
and through owning their supply chain. Also Unto This Last takes a 
transparent approach in which goods are sold in the workshop space.  
In addition, further supply chain integration should happen. In the case 
of Graze and Unto This Last, both could encourage more local regional 
sourcing by matching customer preferences to locally source ingredients 
for snacks and materials for furniture. Also they could work with suppliers 
according to demand.

Business model Distributed ownership and/or 
Continued ownership

Splosh and Graze, both offer a product oriented product-service system 
(PSS) which could only be possible due to the use of digital platforms 
such as the Internet. However, a PSS type of business model could 
potentially be explored by Unto this Last.

Value optimization Graze and Unto-This-Last had invested in their own software development 
to optimize operations. Optimization includes recording customer's order 
history and preferences, monitoring stock levels and material/ingredients 
used, and tracking the location of workers on the factory floor. Splosh 
misses an opportunity by not having this system in place.

Resource efficiency and 
sufficiency

The three case studies have environmental and social sustainability in 
mind, and thus their operations run to minimize the costs of risk and 
waste. All of them had invested in providing a value proposition that 
is less harmful to the environment and society in general.  Circularity 
opportunities through the use of track and trace systems rely on including 
further services such as take back schemes.

Economic viability The three case studies demonstrated opportunities to scale up through 
micro-franchises. Use of digital intelligence could help to monitor, control 
and optimize operations.

Table 1 Conditions identified for each lens and the relationship to circular economy and RdM themes 
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Lens Theme Condition 

Design Customization The three case studies are concerned to deliver high quality products 
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technologies enables them to produce with extreme quality specifications, 
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requirements. In addition, in the cases of Splosh and Graze, they could 
redesign the packaging for further reuse, and potentially enabled by track 
and trace systems. 

Supply chain Localization The three case studies are categorized as small and medium enterprises 
with a relative small scale operation. Also the three of them praise their 
decentralization as the success of their business model. The use of 
digital intelligence could help them to keep the small scale, decentralized 
operations if they try to expand into a micro-factory franchise model. In 
addition, in the case of Splosh and Graze could help them to develop their 
own optimized delivery system for multi-regional locations.  

Distributed knowledge The three case studies showed opportunities for system integration with 
the use of digital intelligence. In the case of Splosh, they could have a 
single system that captures online orders from different products. Same 
could happen with Graze. In addition, open sourced innovation could be 
enabled in the three cases, however circularity could be enabled further 
through promoting user attachment to the goods produced and sold by 
Unto This Last.

Distributed structure The three case studies removed the traditional retailer by selling online 
and through owning their supply chain. Also Unto This Last takes a 
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In addition, further supply chain integration should happen. In the case 
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for snacks and materials for furniture. Also they could work with suppliers 
according to demand.

Business model Distributed ownership and/or 
Continued ownership
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(PSS) which could only be possible due to the use of digital platforms 
such as the Internet. However, a PSS type of business model could 
potentially be explored by Unto this Last.

Value optimization Graze and Unto-This-Last had invested in their own software development 
to optimize operations. Optimization includes recording customer's order 
history and preferences, monitoring stock levels and material/ingredients 
used, and tracking the location of workers on the factory floor. Splosh 
misses an opportunity by not having this system in place.

Resource efficiency and 
sufficiency

The three case studies have environmental and social sustainability in 
mind, and thus their operations run to minimize the costs of risk and 
waste. All of them had invested in providing a value proposition that 
is less harmful to the environment and society in general.  Circularity 
opportunities through the use of track and trace systems rely on including 
further services such as take back schemes.

Economic viability The three case studies demonstrated opportunities to scale up through 
micro-franchises. Use of digital intelligence could help to monitor, control 
and optimize operations.

Table 1 Conditions identified for each lens and the relationship to circular economy and RdM themes 
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Discrete Event Simulation Model
The Discrete Event Simulation (DES) method was 
used to provide quantified material flows from the 
opportunities identified. The DES method specifically 
tracks “entities” within a dynamic (i.e. time evolving) 
model of the system under study. Hence DES can be 
used as a way of uncovering the complex interactions 
between: a) the existing material (i.e. the entities) 
flows along the supply chain from supplier, through the 
business (manufacturer) and on to the end-user, and 
b) the reverse and hence “circularizing” material flows 
that could be introduced to enable circular material 
management. 

Splosh – DES Model
A DES model representing material movements from 
the detergent manufacturer to the customer, and the 
end-of-life disposal options is shown in Figure 6. The 
model is focussed on the bottles of a laundry detergent 
non-bio 100ml, and the end-of-life disposal options, 
but also includes the sachets of detergent solutions; 
polymer storage trays; cardboard packaging and film 
wrapping (see Figure 5 - Current Splosh Supply Chain). 
The key aspects investigated by the model are the 
effect of the Splosh business model on the number of 
bottles required in order to provide the customer with 
detergent, along with how the Splosh business model 
might be part of a re-distributed manufacturing system.

Figure 5 Current Splosh Supply Chain for a Laundry detergent non-bio 100ml bottle
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The Splosh business model is for the customer to 
keep and re-use the detergent bottle, and only a 
sachet with concentrated detergent is supplied when 
more detergent is needed. This contrasts with a 
conventional business model that supplies a standard 
detergent solution in bottles – although bottles are 
made of recycled material. The model can thus be run 
to represent either a conventional detergent supplier, 
which would be 100% of bottles on the recycling route, 
or with the Splosh business model with bottles kept for 
re-use, and only detergent sachets supplied.

The model is run from the perspective of a customer, 
and how many bottles need to be supplied over a 10 
year (520 week) period. Two situations were considered 
with bottles needing to be replaced after either one 
year or 3 years of use, and modelled three different 
scenarios with the following considerations:

• Standard (conventional), with detergent supplied 
in a bottle every time more detergent is required 
(approximately every 7 weeks),

• Splosh, detergent in sachets, with a replacement 
bottle needed after approx. one year of use,

• Splosh, detergent in sachets, with a replacement 
bottle needed after approx. three years of use.

Figure 6 The DES model of detergent supply to customers representing either the 
Splosh or standard business models.
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How the number of detergent bottles used and/
or supplied changes over the 10-year period of the 
simulation is shown in Figure 7, with a summary of the 
total number of bottles over the 10-year period given in 
Table 2.

The results show the very significant effect of re-using 
bottles by the customer, with numbers of bottles 
needing to be supplied reducing greatly – from 74 
down to 9 or 3 over the 10-year period. From an 
environmental perspective this is very significant, 
as much lower masses of material need to be 
transported with reduced emissions, with customers 
benefiting from cost reductions due to only having 
to buy detergent and not bottles. However, for the 
Splosh business there is very little direct effect from 
introducing circularity in their bottle supply, with most 
of the impact deriving from the customer use stage, 
with then very significant impacts in other parts of the 
supply chain.

These significant effects in other parts of the supply 
chain will be particularly felt by the businesses involved 
in recycling materials and in bottle manufacture, which 
will see large reductions in volumes of material and 
numbers of bottles required for manufacture, with 
significant loss of revenue. The businesses so affected 
would need to find new business activities in order to 
remain viable.

The major conclusion from this study of circularisation 
of material flow in a “Splosh” like business model, 
reveals that for circularisation at the very local level, i.e. 
at the use stage, supporting infrastructure is required 
for recycling and re-manufacture, but that significant 
environmental impacts will be derived from the reduced 
volumes of material transported to final users.

Table 2 Summary table of results for 10 years of detergent use.

Scenario No. of bottles used No. of  bottles 
supplied to 
customer

No. of  bottles 
re-used by 
customer

Bottles in-use

Standard 75 74 0 1

Splosh  bottle 
replaced after 1 year

75 9 63 1

Splosh bottle 
replaced after 3 years

74 3 70 1
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Graze - DES Model
Analysing the Graze business with the Four Lens 
framework (Figure 8) suggests the following 
opportunities for increasing circularity in the supply 
chain:

• Further customization from the use of data 
captured through orders

• Improving the design of the packaging and having 
a tracking and take-back system in which boxes, 
punnets and skewers could be reused

• Setting up micro-factories as franchises in other 
areas to expand their market

• Initiate more local regional sourcing by matching 
customer preferences to locally sourced 
ingredients for snacks

• Working with suppliers to match demand and to 
connect suppliers to consumers so they can know 
where the snacks come from.

Of these opportunities, the take-back scheme for 
packaging is a specific example of circularisation that 
could be added to the existing business model, and 
this aspect was modelled using DES. Graze already 
uses 100% recycled cardboard, and other recycled 
packaging. Direct take-back of packaging gives Graze 
the opportunity to inspect the packaging and reuse 
it if possible. This reduces material costs (balanced 
against the cost of arranging returns), and if packaging 
cannot be reused, Graze can provide a “stewardship” 
role, by maximising material that is recycled.

It is assumed that each Graze box consists of one 
cardboard box, four PET polymer punnets, four film lids, 
three bamboo skewers and food content (Figure 9). 
Graze delivers 300,000 of these boxes per year28. The 
recycled material is already part of a circular material 
flow. The DES model proposes new feedback loops to 
enable packaging reuse by Graze, with recycling where 
reuse is not possible.

A diagram of the DES model is shown in Figure 9. The 
key parts are:

• Assembling 5 items to ship – food, skewer, PET 
tray, film lid, cardboard box

• The cardboard supply and existing recycling option 
for end-of-life (EoL)

• The PET polymer supply and existing recycling 
option for end-of-life (EoL)

• Use of the food and disassembly of packaging with 
EoL options – percentage choices for recycle or 
disposal for some materials

• The new option of materials take-back by Graze, 
rather than use of recycled material from their 
suppliers.

Figure 7  Number of bottles supplied and/or used for  
the three supply scenarios.
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Figure 8 Current Graze Supply Chain for a Variety Box with 4 snacks: Pure Power, Active nutrient boost, vitamin C 
crunch and apple and cinnamon flapjack 

Case study: Variety box with 4 snacks: Pure Power, Active nutrient boost, vitamin C crunch and apple and cinnamon flapjack
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The DES (Figure 9) provides options for exploring the 
effects of circular material flows, and the key interest 
for the simulation of this case study is the effect of 
increasing the amount of material being taken back 
directly by Graze (part e of the model). This will have 
direct effects on the amounts available for recycling 
(Part d), offset to some degree by having the chance to 
directly reuse material with no additional processing. 
The DES model is implemented at the system level 
of the Graze supply chain, focusing on the flow of 
packaging materials within the system, enabling the 
industry to consider the relatively short-lived packaging 
as an asset, rather than a consumable.

The DES model is used to investigate the effect of 
changing the ratios of materials collected for a take-
back system, with various scenarios studied, as 
detailed in Table 3. For each of the scenarios A – E,  
the simulation allows the effect on reuse rate,  
recycling rate and landfill volumes to be determined.

Figure 9 The DES model of the Graze supply chain showing the connections between materials being 
brought together for supply to the customer and the potential end-of-life options.
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The results from performing the simulations are 
presented in Figure 10, which shows the outcomes 
of post-consumer materials processing depending 
on each scenario. The materials considered were 
cardboard boxes, PET punnets and skewers. Boxes and 
punnets can be reused; recycled or landfilled, skewers 
can be reused or landfilled. Film lids cannot be recycled 
and so are landfilled. Food is eaten or landfilled. Film 
lids and food are simulated, but are not counted in the 
results.

Table 3 Variables studied for the Graze DES model, Scenarios A – E, consisting of Runs 1 – 24. Results are given 
 as percentages of individual units, i.e. a cardboard box, a PET punnet and a skewer are all worth one unit.

Figure 10  Average material fates by simulation run. Scenario groups are shown above the diagram. 
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In the base case, 37% of units of material can be 
recycled with the remainder being landfilled. In the 
take-back simulations, increasing volumes of EoL 
packaging are collected by Graze. The result of 
increasing take-back is reduction in flows to landfill 
from 63% to 27%. The overall flow of recycled material 
is almost constant throughout, with a slight increase 
as Graze takes stewardship of EoL materials, ensuring 
recycling where reuse is impossible.

Increasing packaging durability is modelled in 
Scenarios C and D, i.e. increasingly reusable cardboard 
boxes and PET punnets. The overall volume of 
circular material (reused or recycled) is constant in 
both scenarios. Landfilled material is steady at 42%. 
Variation within the circular material flows arises from 
the changing ratio of reused to recycled material. More 
durable packaging allows higher reuse rates, and a 
proportionate decrease in recycling, as material from 
the recycling stream is diverted for reuse.

From a materials perspective, the simulation results 
are intuitive in that greater take-back reduces flows 
to landfill, and greater reuse of a material component 
results in proportionally less recycling. However, this 
information can be used to understand the economic 
feasibility, business case or energy use aspects of 
the supply chain, and forms the core of any proposed 
change in waste management strategy.

The value of the take-back scheme from a circularity 
point of view is to divert material from landfill – 
whether it is reused or recycled is less significant, 
as long as the material continues to flow through 
the supply chain. However, the value of material 
take-back is a balance of costs and savings. Costs 
would include return material collection, inspection 
and cleaning, and disposal of non-reusable material. 
Savings would include reduction in material purchased. 
The proportions of re-used to recycled material are 
key to this calculation, with the simulation providing 
values for the quantities of material. A key practical 
consideration is whether there would be sufficient 
numbers of returned items and on predictable 
timescales. If there is too much “leakage”, then the 
take-back scheme could falter through lack of available 
items, and the DES model allows for this potential 
problem to be investigated.

For Graze to introduce a successful take-back 
scheme, the packaging and its distribution operations 
would require re-design to maximize the potential 
for reuse. More durable packaging leads to a higher 
potential for reuse, with more benefit from the take-
back scheme. The scheme needs to attract a return 
rate for packaging sufficient to offset the cost of 
packaging redesign and establishing the scheme. 
Greater durability is particularly important for the non-
recyclable because reuse of this packaging directly 
diverts material from landfill where no recycling option 
exists.

The DES model results indicate that digital intelligence 
and re-distributed manufacturing could enhance 
current infrastructure in developing circular models, 
such as implementing asset tracking to support take-
back schemes. According to the Ellen MacArthur 
Foundation report2, intelligent assets are already 
unlocking new forms of value creation, as they enable 
significant changes in business operations, from 
product design to the supply chain, as demonstrated 
in this study. Further opportunities for the food and 
drink sector exist to use trace and return technologies 
(e.g. bar codes, sensors, wireless communication 
and mobile devices), to account for ‘short use’ items 
as assets29 to divert these from landfill and reduce 
disposal and material costs, balanced against the cost 
of arranging returns. Other companies in the same 
sector (e.g. Abel & Cole) already have packaging take-
back schemes, to allow re-use.

Furthermore, circular distributed models of 
consumption, with the aid of digital intelligence, could 
enable premium customized services20. In the example 
of take-back of packaging, personalized incentives 
and promotions could be given by Graze to encourage 
customers to return their packaging. However, these 
personalized and premium services will need to prove 
cost effective for both customers and the business.

Unto-This-Last - DES Model 
The Four Lens framework was used to analyse Unto-
This-Last’s business model (Figure 11), and a DES 
model of Unto-This-Last’s manufacture and supply 
was created, based on a trestle table (Figure 12). The 
rate at which tables arrive with customers for all of 
the scenarios is set initially by the supply of plywood 
sheets that are used to manufacture the tops, legs and 
cross-pieces for the table, and this supply is set at two 
per month, which then becomes the rate at which Unto-
This-Last can manufacture new tables. The model then 
tracks how many tables are in use through time, and 
how many are supplied to customers.
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The DES model (Figure 12) is used to explore the 
effects of customer choices over length of time used 
and the options once the customer decides to not use 
the table. The options explored are:

• Customers send tables to disposal
• Customers choose to re-sell tables to a second 

customer
• Customers return the table to UTL for re-

manufacture
• The length of time the tables are used is varied 

from 10 to 5 to 2 years.

The options explored using the DES model are 
summarised in Table 4. The Base-case is of tables 
being used for 10 years with all disposed of after 
this time. The effect of 50% of customers choosing 
to sell tables on to a second user is checked in 
Scenario 2. The effect of tables being sent for either 
remanufacturing or sold to a second user, is checked 
in Scenario 3. The a) and b) options can be derived 
from the same DES model, with the re-manufactured 
tables either used to replace some table manufacture 
(representing in effect a fixed demand for tables), or 
used to supplement the number of tables in use, with 
additional first-use customers being found (in effect 
allowing an increase in demand).

The effect of reducing the length of time for which 
customers are willing to use the table for from 10 years 
to 5 and 2 years is examined in Scenarios 4 and 5.

Figure 12 DES model of the Unto-This-Last manufacture and supply of a trestle table
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Figure 12 DES model of the Unto-This-Last manufacture and supply of a trestle table

The base-case model with no re-use or re-
manufacturing shows that with a 10 year table use 
period the number of tables in use stabilises at around 
250, and that after 20 years around 500 tables have 
been manufactured and supplied. When tables can 
be re-used by a 2nd customer, the total number of 
tables in use increases from years 10 to 20 to reach 
around 370, the additional table uses due to the 2nd 
customers, with the overall number manufactured 
similar to the 500 in Base-case scenario (Figure 13).

Table 4 Summary of parameters varied in the UTL trestle table DES model

Scenario No, and 
description

Years tables in 
use

Tables disposed 
(%)

Tables sold to 
2nd customer 
(%)

Tables re-man by 
UTL (%)

1. Base-case 10 100 0 0

2. 2nd customer, re-use 10 50 50 0

3a. Re-manufacture & 2nd customer 
(Re-manufacture tables displaces manufacture)

10 50 25 25

3b. Re-manufacture & 2nd customer 
(Re-manufacture tables added to manufacture)

10 50 25 25

4a. Re-manufacture & 2nd customer 
(Re-manufacture tables displaces manufacture)

5 50 25 25

4b. Re-manufacture & 2nd customer 
(Re-manufacture tables added to manufacture)

5 50 25 25

5a. Re-manufacture & 2nd customer 
(Re-manufacture tables displaces manufacture)

2 50 25 25

5b. Re-manufacture & 2nd customer 
(Re-manufacture tables added to manufacture)

2 50 25 25
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Figure 13 Scenarios 1 to 5b of the DES model of Unto-This-Last table supply
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The effect of introducing re-manufacturing is apparent 
on the overall number of tables manufactured, supplied 
and in use. A constant demand limits the numbers that 
are required to be manufactured and over 20 years the 
number reduces from 500 to around 430, with around 
480 tables supplied overall. Using remanufactured 
tables as additional supply allows the overall number 
of tables supplied to increase to around 550, with 
overall numbers in use peaking at 350.

The effect of introducing shortened usage times for 
tables has a very marked effect on the overall numbers 
of tables in use, when the manufacturing rate for each 
table is held constant at 2 per month. In the 5 and 
2-year models, table use peaks after a few years and 
then declines. In fact, in the 2 year model the number of 
tables in use appears to become negative after around 
12 years, which is not possible, but is in artefact of the 
model and how the “in-use” numbers are calculated 
when re-manufacturing is used to reduce manufactured 
tables. What it does indicate is that if customers want 
to replace their tables too rapidly for the manufacturing 
supply rate, then a shortage of tables (or goods) will 
arise. The model shows that if re-manufactured tables 
can be added to those already manufactured, then 
at 5 and 2-year replacement intervals for tables, the 
numbers in use can stabilise at around 180 or 100, 
although these values are significantly lower than in 
other scenarios.

The DES models of the Unto-This-Last scenarios 
are useful in determining which options lead to the 
more resource efficient use of materials to make 
tables. In terms of maximising the number of tables 
manufactured and supplied, the 2-year replacement 
option gives the largest value of 640 tables, but with 
the limitation that a much smaller number of tables, 
between 100 and 180, are in use at any one time. This 
compares with a 10-year replacement schedule which 
requires a lower number of 480 to be manufactured 
and supplied, but which sees 300 to 350 tables in 
use. Deciding whether the most important criteria is 
either more tables available for use, or maximising 
the number supplied, is an interesting dilemma in 
the resource efficiency and sustainability discussion, 
and which is also relevant to the re-distributed 
manufacturing topic, because if furniture companies 
are operating as Unto-This-Last, where products are 
supplied to fill the demand, then the company benefits 
by maximising the number supplied.

The case studies demonstrate that the re-distribution 
of systems of production and consumption could 
benefit circular innovation. However, a dilemma 
still exists on which is the cost-benefit of doing so. 
The Splosh case study demonstrated that a similar 
business model scales up, greater environmental 
benefits could be achieved. On the other hand, the 
re-use of bottles could impact greatly the plastic 
industry causing an economic downturn. With Graze, 
a take-back scheme of packaging brings substantial 
economic and sustainability benefits and opens a 
new area of operation in which ‘short use’ items are 
considered as assets. In addition, further opportunities 
exist by the application of digital intelligence, where 
implementing asset tracking could enhance circularity, 
which could work better in re-distributed models as 
these allow local operations. If these opportunities are 
capitalised, the materials will be less geographically 
dispersed, increasing their utilization and allows 
management of their distribution operations locally, 
through collecting and tracking data of materials 
being returned by type, location and customer, plus 
monitoring of its condition for re-use and recycling. 
Finally, Unto-This-Last, a complete re-distributed model 
of production and consumption could implement a 
re-manufacturing system of their products on a local 
scale. This could bring greater environmental impacts 
regarding resource and material used. However, a 
balance between the availability of products in use and 
the number of products supplied has to exist to be cost 
effective for the company. As such, to fully understand 
the economic and environmental benefits, further 
research would need to be conducted to calculate 
environmental impacts such as carbon equivalent 
emissions, as well as a financial appraisal of the cost-
benefits of circular opportunities such as the ones 
presented in this report.

Learning from circular innovation and RdM
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Learning from circular innovation and RdM
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This feasibility study was one of five feasibility studies 
on Re-distributed Manufacture, consumer goods 
and big data. The study identified RdM and circular 
innovation definitions, fundamental drivers, and 
case studies to better understand the feasibility of 
decentralising the consumer goods sector whilst at 
the same time enabling circular systems. The study 
revealed that the integration of digital intelligence 
could enable a distribution of knowledge, structure, 
ownership and different levels of customisation, 
offering more connected, meaningful and durable 
relationships with the end user. Digital intelligence can 
also allow circular business models through automated 
monitoring, control and optimisation of resources and 
material flows. The study also reveals that the use of 
digital intelligence has incentivised the de-centralised, 
re-distributed and circular models of production and 
consumption. However, there is not an ‘ideal’ example 
of the potential that could be achieved by integrating 
RdM and Circularity into the business model, and that 
further value creation needs to be analysed. In addition, 
the opportunities and challenges of RdM and circular 
innovation are not still fully explored and questions still 
persist. For example, could a franchise manufacturing 
model work? What would scalability look like? What are 
the implications for intellectual property? What will be 
the consumer acceptance to these disruptive models? 
What will be the learning capabilities needed with the 
use of big data? How will localised versus globalised 
models will be managed? And, will retail ecosystems be 
competing with each other?

Finally, it can be said that the potential for Re-
distributed Manufacturing and digital intelligence to 
enable a regenerative economy is promising, but it is 
essential to understand where the value is captured 
and delivered to provide the significant opportunities 
that decentralisation of the consumer goods sector 
could bring. 

Impact of the feasibility study and 
opportunities for future research
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RECODE Network 
Circular innovation and 
Re-distributed Manufacturing

Background, aim and objectives
The RECODE Network envisages a connected, localised 
and inclusive model of production and consumption 
that is driven by the exponential growth and embedded 
value of big data. The use of data to narrow the gap 
between manufacturers and end users to enable 
user-driven design of customised goods and services 
at a local scale through ad-hoc supply chains and 
on-demand production also enables significant 
opportunity for circular innovation and localised, 
regenerative models of production. Estimates indicate 
that the total material value of consumer goods is 
US$3.2 trillion, with approximately 80% of materials 
ending up in landfills, incinerators or wastewater  
removing the potential to feed these valuable materials 
back into the system. Data driven insight has the 
potential to inform and incentivise circular models 
of production; uncovering new revenue streams for 
manufacturers and suppliers and developing new 
circular business models based on local and connected 
value streams. This 6-month feasibility study 
aimed to investigate the opportunities, challenges 
and requirements for big data and re-distributed 
manufacturing (RdM) in the development of localised 
and circular models of consumer goods production 
and consumption. This aim was fulfilled through 
undertaking the following objectives:

• Review and analyse existing local and regional 
business models to identify and compare 
examples of circular and re-distributed activity 
and the associated opportunities, challenges and 
requirements,

• Identify and select three local use cases, 
from within the consumer goods sector, that 
demonstrate, or have the potential to enable, 
circular and re-distributed activity,

• Map, model and analyse the flow of materials, 
data, revenue and stakeholder interaction for each 
case to demonstrate the potential opportunities, 
challenges and requirements for re-distributed 
manufacture and circular innovation.

Executive Summary
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Contribution to Re-distributed Manufacturing
Selected case studies were chosen according to 
existing local, regional and global business models 
within the consumer goods sector. The selected case 
studies were those that demonstrated use of digital 
intelligence, de-centralised, re-distributed and circular 
production and consumption, and had to be business 
to consumer in which the final user is an individual or 
household. In total 33 case studies were chosen and 
analysed against six RdM characteristics: Localisation, 
Customisation, Distributed Ownership, Distributed 
Knowledge and Distributed Structure, and five Circular 
innovation characteristics: Value Optimisation, 
Resource Efficiency and Sufficiency, Continued 
Ownership and Economic Viability, which emerged from 
a cross-cutting literature review. A further analysis of 
the case studies and their use of digital intelligence 
was conducted, to better understand their digital 
intelligence capabilities. From the analysis, three types 
of RdM with circular innovation characteristics were 
identified (Figure 1). 

Figure 1 Types of RdM models with circular innovation characteristics

Distributed production and services 
This model represents distributed manufacture 
that captures big data to monitor the processes 
of production and consumption. From the three 
models, this is the one that has the least potential of 
capturing and delivering value and is most closely 
linked to our current system, therefore the most cases 
were identified. Within this model, activity mainly 
happens offshore with some on-shore capabilities 
of manufacture and re-manufacture as well as local 
capabilities to manage logistical operations. Big data 
is used to enable mass customisation as it flows in 
one direction from the end user to the manufacturer. 
Closed loop material flows could be captured through 
monitoring end users, however that was not seen 
in many cases. Case studies that were analysed as 
having these characteristics and represent this model, 
include Splosh.

Connected production and services 
This type represents a distributed and digitally 
connected model. This model can capture high 
optimisation and delivery of value. This is because, 
despite manufacture still taking place off-shore and 
on-shore, it demonstrates a closer proximity to the end 
user that allows a radical model of consumer goods 
production, purchase and use. With the use of big data, 
users can engage in a data-driven open innovation 
process in which high levels of customisation occur as 
demonstrated in the Graze case. It also demonstrates 
high optimisation of manufacturing processes 
and logistical operations through the use of digital 
intelligence. In addition, the two-way flow of data 
represented in this model allows material flows to be 
closed easily by the monitor, control and optimisation 
of resources.

Localised production and services
The third type identified represents a localised and 
digitally connected model of RdM where everything is 
done on-shore and the retail ecosystem is completely 
re-distributed contributing to capturing the highest 
value amongst the three models. This is because 
users are highly involved in an open be-spoke design 
and manufacture process, where consumer goods 
are produced and sold in the same physical or digital 
space. Personalisation is the key driver as well as 
shorter supply chains. This model enables high control 
and optimisation of resources as material flows 
happen in proximity to the factory and retail floor. The 
case study Unto-This-Last is an example of this type 
of RdM. This type of RdM was identified as being the 
least represented by the case studies as it is the most 
radical model requiring the biggest transformation to 
our current system.
 

Figure 2 Digital intelligence and capabilities of each 
analysed case study  
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Splosh a localised detergent manufacture, Graze 
a localised snack manufacture and Unto-This-Last 
furniture retail and manufacture, were further analysed. 
The selection of these case studies was based on 
their use of digital intelligence capabilities to enable 
circularity within their business model, through a 
consultation with panel of three industry experts. The 
‘Four Lens Framework’ was used to further analyse 
these case studies. The ‘Four Lens Framework’ was 
built from a further review of the literature looking at 
digital intelligence and re-distributed manufacturing 
to enable circularity in new business models. The 
framework proved useful to analyse the value that can 
be created by applying circular economy principles. 
As such, the analysis helped to identify further circular 
opportunities to then quantify material flows regarding 
with a Discrete Event Simulation (DES) method. 
The Splosh DES analysis focused on the re-used of 
detergent bottles, the Graze analysis focused on 
implementing a take-back scheme of their packaging 
and the Unto-This-Last analysis focused on the re-
manufacture of tables.

Analysis demonstrated that the re-distribution of 
systems of production and consumption could benefit 
circular innovation. However, a dilemma still exists 
surrounding the cost-benefit of doing so. The Splosh 
case study, demonstrated that if such a business 
model was to scale up, greater environmental 
benefits could be achieved. However, the re-use of 
bottles could impact the plastic industry causing 
an economic downturn. With Graze, a take-back 
scheme of packaging brings substantial economic 
and sustainability benefits and opens a new area of 
operation in which ‘short use’ items are considered as 
assets. In addition, further opportunities exist by the 
application of digital intelligence, where implementing 
asset tracking could enhance circularity, which could 
work better in re-distributed models as these allow 
local operations. If these opportunities are capitalised, 
the materials will be less geographically dispersed, 
increasing their utilization and allowing management 
of distribution operations locally, through collecting 
and tracking data of materials being returned by type, 
location and customer, plus monitoring of its condition 
for re-use and recycling. Implementing a successful 
cost beneficial take back scheme would depend on 
the sufficient number of return items on a predictable 
timescale. Thus, consumer behaviour is imperative to 
achieve the number needed of return boxes in suitable 
conditions. Finally, Unto-This-Last, a re-distributed 
model of production and consumption could 
implement a re-manufacturing system of their products 
on a local scale. This could bring greater environmental 
impacts regarding resource and material used. 
However, a balance between the availability of products 
in use and the number of products supplied has to 
exist to be cost effective for the company. As such, 

to fully understand the economic and environmental 
benefits, further research would need to be conducted 
to calculate environmental impacts such as carbon 
equivalent emissions, as well as a financial appraisal of 
the cost-benefits of circular opportunities such as the 
ones presented in this report. 

Impact and future research 
This feasibility study was one of five feasibility 
studies conducted for the RECODE Network. 
The study identified RdM and circular innovation 
definitions, fundamental drivers, and case studies 
to better understand the feasibility of decentralising 
the consumer goods sector whilst at the same time 
enabling circular systems. The study revealed that 
the integration of digital intelligence could enable 
a distribution of knowledge, structure, ownership 
and different levels of customisation, offering more 
connected, meaningful and durable relationships with 
the end user. Digital intelligence can also allow circular 
business models through automated monitoring, 
control and optimisation of resources and material 
flows. The study identified examples of digital 
intelligence being used to incentivise de-centralised, 
re-distributed and circular models of production and 
consumption. However, there is not an ‘ideal’ example 
of the potential that could be achieved by integrating 
RdM and Circularity into the business model, and that 
further value creation needs to be analysed. In addition, 
the opportunities and challenges of RdM and circular 
innovation are not still fully explored and questions still 
persist. For example, could a franchise manufacturing 
model work? What would scalability look like? What are 
the implications for intellectual property? What will the 
consumer acceptance to these disruptive models be? 
What are the learning capabilities needed for the use of 
big data? How will localised versus globalised models 
be managed? And, will retail ecosystems be competing 
with each other?

Finally, it can be said that the potential for 
Re-distributed Manufacturing and digital intelligence 
to enable a regenerative economy is promising, but it 
is essential to understand where the value is captured 
and delivered to provide the significant opportunities 
that decentralisation of the consumer goods sector 
could bring.
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RECODE Network

The EPSRC-ESRC funded Network in 
Consumer Goods, Big Data and Re-Distributed 
Manufacturing (RECODE) has been created to 
develop an active and engaged community to 
identify, test and evaluate a multi-disciplinary 
vision and research agenda associated with the 
application of big data in the transition towards a 
Re-distributed Manufacturing model for consumer 
goods.

The exponential growth of available and 
potentially valuable data, often referred to as 
big data, is already facilitating transformational 
change across sectors and holds enormous 
potential to address many of the key challenges 
being faced by the manufacturing industry 
including increased scarcity of resources, 
diverse global markets and a trend towards mass 
customisation. The consumer goods industry, has 
remained largely unchanged and is characterised 
by mass manufacture through multi-national 
corporations and globally dispersed supply 
chains. The role of Re-distributed Manufacturing 
in this sector is often overlooked, yet there is 
great potential, when combined with timely 
advances in big data, to re-define the consumer 
goods industry by changing the economics and 
organisation of manufacturing, particularly with 
regard to location and scale.

The RECODE Network conducted five feasibility 
studies led by the academic core partners, 
steering group partners, and new partners who 
joined through the RECODE Sandpit on 02-03 
March 2016. A multidisciplinary team comprised 
of internationally renowned experts from 
Cranfield University and University of Cambridge 
and practicing industry leaders in the fields of 
sustainability, manufacture and big data were 
involved in the delivery of this feasibility study. 

RECODE has developed novel methods and 
undertaken innovative events to engage 
communities of academics, international 
experts, user groups, government and industrial 
organisations to define and scope a shared 
multi-disciplinary vision and research agenda. 
To find out more, visit our website: 
http://www.recode-network.com
 

About Us

RECODE Network 
Digital Re-distributed 
Manufacturing (RdM) Studio 

125



www.recode-network.com 126

4

Introduction 
Background literature review 
Re-distributed Manufacturing
Conceptual framework

Outline of case study (ShoeLab) 
IDEF0 business model for RdM 
System dynamics business model for RdM 
Marketing subsystem
Production subsystem
Customer demand, accounting and material supply and customer subsystems
Results

RdM Studio: Development environment outline 
LCA factors for RdM business models 
Summary
Recommendations and future development roadmap 
References

Table of Contents

5
6
9
9

13
16
16
17
17
18



127

4

Introduction 
Background literature review 
Re-distributed Manufacturing
Conceptual framework

Outline of case study (ShoeLab) 
IDEF0 business model for RdM 
System dynamics business model for RdM 
Marketing subsystem
Production subsystem
Customer demand, accounting and material supply and customer subsystems
Results

RdM Studio: Development environment outline 
LCA factors for RdM business models 
Summary
Recommendations and future development roadmap 
References

Table of Contents

5
6
9
9

13
16
16
17
17
18

5

The vision of this project is to pilot future 
Re-distributed Manufacturing (RdM) business models 
to dynamically identify optimal scenarios for the 
consumer goods industry. The project will develop 
a Digital RdM Studio that will enable data-driven 
experimentation with different business models for the 
consumer goods industry. The long-term ambition of 
this project is to develop a national RdM studio that 
will allow industry to experiment with RdM business 
models and supporting data needs.

This project addresses the need to predict a 
future RdM business model based on data-driven 
experimentation with a range of possible scenarios. 
There are no current tools in research or practice that 
support this. The research question we are addressing 
in this study is “How can data-driven decisions predict 
a future RdM business model?” The research aims 
to develop a set of RdM business models for the 
consumer goods industry and outline a Digital RdM 
Studio that will enable data-driven experimentation 
with business model designs.

Objectives:

• Identify current RdM business models

• Develop selected future RdM business models

• Contribute to the RECODE roadmap of research

As demonstrated in figure 1 below, the research 
methodology is based on the identification, analysis 
and testing of multiple RdM business models based 
on simulation. The proposal focuses on collecting, 
integrating and analysing real-time manufacturing data 
and external data (e.g. marketing trends, social media, 
etc.) relevant to business model decision making.

Introduction

Figure 1 RdM Studio Methodology

Current RdM business models

Intuition based analysis

Multiple business models

Pilot selected future RdM 
business models

Data-driven analysis

Multiple business models

Future RdMsRdM Studio
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As can be seen in Table 1 the small number of 
identified publications relating to RdM is evidence for 
the novelty of the field and the research gap in the area 
of Re-distributed Manufacturing business models.

Driven by the need for mass customisation and 
more sustainable production, some researchers and 
practitioners predict that manufacturing operations will 
transform towards a more geographically distributed 
production, known as distributed manufacturing1,2. 
The UK Engineering and Physical Sciences Research 
Council (EPSRC) coined a related concept which is 
called re-distributed manufacturing (RdM), defining it 
as “technology, systems and strategies that change 
the economics and organisations of manufacturing, 
particularly with regard to location and scale”3,4.

Background literature review

Table 1 Search terms used to identify RdM papers

Search term Database Number of Results
"Re-distributed Manufacturing" OR 
"Re-distributed Manufacturing"

Web of Science 1

Scopus 7

Google Scholar 33

business model*” AND 
“Re-distributed Manufacturing” OR 
“Re-distributed Manufacturing”

Web of Science 0

Scopus 0

Google Scholar 12

"Re-distributed Manufacturing" AND 
"sustainability" OR 
"Re-distributed Manufacturing"

Web of Science 1

Scopus 1

Google Scholar 15
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Council (EPSRC) coined a related concept which is 
called re-distributed manufacturing (RdM), defining it 
as “technology, systems and strategies that change 
the economics and organisations of manufacturing, 
particularly with regard to location and scale”3,4.

Background literature review

Table 1 Search terms used to identify RdM papers

Search term Database Number of Results
"Re-distributed Manufacturing" OR 
"Re-distributed Manufacturing"

Web of Science 1

Scopus 7

Google Scholar 33

business model*” AND 
“Re-distributed Manufacturing” OR 
“Re-distributed Manufacturing”

Web of Science 0

Scopus 0

Google Scholar 12

"Re-distributed Manufacturing" AND 
"sustainability" OR 
"Re-distributed Manufacturing"

Web of Science 1

Scopus 1

Google Scholar 15
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Re-distributed Manufacturing
Re-distributed Manufacturing requires a 
transformation from traditional centralised large 
scale mass production towards localised smaller scale 
production5,2,6. This transformation is largely enabled 
by digitalisation and the advanced manufacturing 
technologies, such as additive manufacturing 
and Internet-of-Things7,8. There is an increasing 
interest in the impact of big data on Re-distributed 
Manufacturing9, and data-driven decisions are essential 
to the transition towards re-distributed manufacturing, 
featured by community-based digital, small scale 
factories producing and supplying the products locally. 
This transformation also requires the innovation of 
business models and the reconfiguration of supply 
networks, as this could lead to radical change of the 
distribution of manufacturing on a system level2. 
Recent research also shows the potential of 
Re-distributed Manufacturing in moving manufacturing 
towards more sustainable production, as it is expected 
that additive manufacturing reduces the amount of 
products through only producing what is needed, and 
the localised factories enable the reduction of energy 
consumption through shortened supply chains6,10,8.

The business model concept became widely known 
during the e-commerce boom of the 1990’s, and the 
subsequent emergence of previously unseen revenue 
mechanisms. Initially, the concept was employed to 
time-efficiently present complex business ideas to 
investors11. Subsequently, the concept developed to 
become both an instrument for the systemic analysis, 
planning, and communication of the configuration 
and implementation of organisational units and their 
environment in face of the associated complexity12,13, 
as well as an intangible organisational asset to 
create competitive advantage and increase firm 
performance14,15,16,17,18. Sustainable business models 
(SBM) are “business model[s] that incorporate 
pro-active multi-stakeholder management, the creation 
of monetary and non-monetary value for a broad 
range of stakeholders, and which hold a long-term 
perspective”19.

While initially aiming to utilise private industry’s 
resources and capabilities to leverage the 
transformation to a more sustainable system 
by integrating sustainability considerations into 
companies and providing support to achieve their 
sustainability ambitions20,21,22,23, today the notion of 
sustainable business model innovation is increasingly 
seen as a source of competitive advantage24,25,26, 
and thus, might eventually replace the conventional 
business model concept, analogue to the concepts of 
competitive advantage and sustainable competitive 
advantage27,28. For decision making in organisations 
with regards to re-distributed manufacturing, the 
business model concept is an interesting framework 
as it allows for the extrapolation of potential customer 
and value chain benefits along with the implementation 
of other business model elements29,30,27. Thus, the 
conceptual ambiguity of RdM can be reduced to a 
decision making solution space that comprises a finite 
number of potential business model choices.
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Data-driven decision making for 
RdM business models

Conceptual framework
The characteristics of re-distributed manufacturing and 
sustainable business models emerging from literature 
are summarised in Table 2. Re-distributed 
Manufacturing is characterised by digitalised, 
personalised and localised production, through 
enhanced user and producer participation, driven by 
new enabling technologies. Sustainable business 
models require a system of sustainable value flows 
among multiple stakeholders including the natural 
environment and society, and the sustainable value 
incorporates economic, social and environmental 
benefits.

Based on the characteristics of RdM and SBM (Table 
2), together with the studies on data-driven decision 
making9,32, we develop a conceptual model (Figure 2) 
which provides a theoretical foundation for sustainable 
RdM business models based on data-driven decision 
making.

The conceptual framework incorporates three 
parts: data collection and analytics, data-driven 
decision making, and the sustainable re-distributed 
manufacturing business models. This framework 
explains how to develop sustainable RdM business 
models based on data analytics and simulations. 
The data is collected from internal sources (e.g. 
manufacturing processes, production planning, and 
quality fault systems) and external sources 
(e.g. point-of-sales, customer feedback, and social 
media). The collected data is analysed through various 
kinds of techniques, such as predictive, prescriptive, 
descriptive and diagnostic analytics. Decision 
making for sustainable RdM business models is 
based on the result of data analytics, starting from 
the concept design of sustainable RdM business 
models, through the modelling and simulating the 
RdM business models and the eventual selection of 
business models that best meet the characteristics of 
the sustainable RdM business models based on the 
simulation results.

Table 2 Characteristics of sustainable RdM BM(2,31)

Figure 2 Conceptual framework for sustainable Re-distributed Manufacturing business models based on data-driven 
decision making

Characteristics of RdM Characteristics of SBM

Digitalisation Sustainable value 
creation

Personalisation System of sustainable 
value flows among 
multiple stakeholders 
including the natural 
environment and society.

Localisation Value network with a 
new purpose, design and 
governance.

New enabling 
technologies

Systemic consideration 
of stakeholder interests 
and responsibilities.

Enhanced user and 
producer participation

Internalizing externalities 
through product-service 
systems.

Internal data source

• Manufacturing process
• Production planning
• Quality/fault data

Data analytics

• Predictive analytics
• Prescriptive analytics
• Descriptive analytics
• Diagnostic analytics

External data source

• Point-of-sales data
• Customer feedback
• Social media

RdM business model 
concept design

Simulation of RdM 
business model 
alternatives

Selection of one 
alternative based on 
simulation results

RdM business models

Sustainable value creation

Systematic consideration 
of stakeholder interests and 

responsibilities

Internalising externalities 
through product-service 

systems

Distributed knowledge

Localisation

New enabling technologies

Distributed ownership

Digitalisation

Personalisation

System of sustainable value 
flows among multiple 

stakeholders

Value network with a new 
purpose, design and 

governance
Enhanced user and producer 

participation
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Big data and digital technologies combined offer 
genuine opportunities to re-think the industry by 
changing the economics and organisation, particularly 
of location and scale. ShoeLab is a collaboration by 
Cranfield University, Cisco systems, and The Clearing – 
a branding consultancy, which aims to develop a proof 
of principle for a smart and sustainable shoe. ShoeLab 
is a small project drawn from a feasibility study funded 
by the EPSRC RECODE Network. A case study drawn 
from the ShoeLab project is used to develop an initial 
distributed and circular business model. Case study as 
a research method is employed because it is perceived 
as the most suitable for answering research the 
question of - How we could develop a re-distributed and 
circular business model? A ShoeLab proof of principle 
business model was developed on the knowledge 
gathered throughout the project. The model was 
created to explore other possible variations on the 
redistributed manufacturing models already identified 
from literature. This would allow further contrast 
between the As-Is manufacturing process models, 
ShoeLab case study and concept model.

In preparation for the ShoeLab case study, a generic 
shoe manufacturing As-Is model was created as 
a reference model (Figure 3). The ShoeLab ToBe 
business model was then developed (shown in Figure 
4). The ShoeLab business model starts with the User 
Profile Creation (A0, Figure 4) function. During this 
function the customer provides his general information 
as input (name, age) and details regarding their 
preferred payment method. The User Form/Template 
presents the customer with the structured form with 
the required fields. The resources are the tools that the 
customer will need to input their information, mostly 
a Network Connection and the Application, which 
could be in a device app, web app or in the store. This 
function provides main customer information and their 
subscription and product preferences as outputs.

These outputs, and other information related outputs, 
are centralized in a Data Processing/Analytics function 
(A5, Figure 4), which will be discussed later. The main 
use of the information provided by the A0 function is 
to activate the Shoe Design function (A1, Figure 4) so 
that the customer can provide personal preferences 
in the form of customization options for the product. 
Based on these choices a pricing is determined and 
in the background a file format shapes the way this 
information is captured and transformed in such a way 
as for the 3D printing machine to process. 
 

Outline of case study (ShoeLab) IDEF0 business model for RdM
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Figure 4 ShoeLab Business Model

Figure 3 Shoe Manufacturing As-Is Model
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The resources are technological in the form of 
applications and/or software to help the customer 
scan their foot dimensions and other technology to 
carry this out if the customer is in store. The main 
outputs from this function are in the form of shoe 
specifications (shoe spec.) and digital documents. 
Both are in essence the same information being 
transferred in different formats and for different 
purposes. The shoe specifications provided by 
the customer are stored in the Data Processing/
Analytics function and this same information but 
in a 3D printer readable format is provided as a 
digital document to the following function of Shoe 
Manufacturing, Repairing, Refurbishing (A2, Figure 4). 
The manufacturing function (A2, Figure 4) provides 
the concentration of manufacturing, repairing and 
refurbishing actions. Since this is a distributed 
manufacturing model, these functions can be 
performed in the same local (in relation to the 
customer) facility. Sensors and instrumentation are 
inputs that represent all the technology that’s to be 
included in the shoe according to the customer’s 
needs; they can provide GPS tracking, health 
monitoring or others. These are sourced from other 
manufacturers and thus the assumption is made that 
they cannot be manufactured in house or is not the 
main intention of the ShoeLab manufacturing facility. 
Raw material is an input, in this case assumed to be 
the printing material itself since the entire shoe would 
be manufactured from the least amount of materials as 
possible. The 3D printer is the main resource together 
with the brand store/manufacturing facility and the 
service center. As previously mentioned, the service 
center and the manufacturing facility are co-located in 
the store. The service center is the place where shoes 
are refurbished, extra parts are produced and other 
services are fulfilled. This same place contains the 3D 
printing machines that are used for the manufacturing 
of the shoe.

The outputs from this function are the finished shoe, 
named as intelligent shoe, and shoe parts which may 
be requested by the customer to repair a damaged part 
of the shoe. Since the shoe is produced in a modular 
method, different parts can be disassembled for repair. 
The shoe or shoe part are then transformed by the 
following function which is Shoe Use (A3, Figure 4).

This function is controlled by delivery or pick-up 
methods of transporting the shoe to the customer 
and the user type/wearing habits. Additionally, there 
will be resources provided by the manufacturer in the 
form of cleaning, repair, refashion services and a user/
assembly manual, to align with the circularity concept 
of the intended business model. The possibility of 
modifications being made by the customer on his 
own account is aided by a manufacturer provided 
use/assemble manual. The outputs provided by this 

function are in the form of use data and physical in 
the form of a worn/damaged shoe. The use data is 
transferred to the Data Processing/Analytics function 
(A5, Figure 4) which uses them as input to for example 
activate a service offering or provide other useful 
information for the manufacturer to support the 
customer.

The worn/damaged shoe is transferred to the Disposal 
(A4, Figure 4) function which transforms the end of 
life product into a possible input for the A2 function 
as material to produce other shoes or the end of life 
product can be recycled/disposed of by the customer. 
The option is free for the customer to choose if they 
desire to recycle/dispose of the shoe, but the intention 
of the ShoeLab project is to have the damaged 
end of life product return to the manufacturer for 
reprocessing. The shoe is made of a thermoplastic 
polyurethane, which comes in a powder form. This 
can be transformed back to a powder to re-enter the 
3d printing process. For this reason, the brand store/
manufacturing facility is included in the resources for 
this function. Furthermore, there is a consideration for 
the pickup/drop-off the used/damaged shoe/part so 
that it may reach the place where it will be recycled 
or reprocessed. Most of the information generated 
throughout this process is meant to be capitalized on, 
to make profit and improve processes; therefore the 
Data Processing/Analytics function (A5, Figure 4) was 
included as part of the model. This function gathers 
all the information about the customer profile, product 
specifications and wearing data by using resources 
such as a database and datacentre.

The feedback from the expert validation of the ShoeLab 
model was used as input for development of a concept 
model called ShoeLab Hybrid Business Model (shown 
in Figure 5). This model attempts to improve on the 
ShoeLab Model based on the observations gathered 
from the validation questionnaire and meetings with 
the ShoeLab project members. The main improvements 
focus around providing a clearer representation of the 
services and their involvement in the value chain. This 
was achieved by including a revised A5 (from Figure 
4) function called Servicing, Refashioning, Repair. This 
function is controlled by the Data Processing/Analytic 
function (A2 in Figure 5) by providing customer details 
such as their contact information and location, both of 
which are included due to them being critical for the 
provision of any service. The output is purely services 
and service data. The services are now controls 
that shape the Shoe Use (A3 in Figure 5) function 
in the way of providing refashioning and/or repair 
services. The Disposal (A4 in Figure 5) function is 
also controlled by services that provide the customer 
the option of returning the shoe to the manufacturer 
once it has reached its end of life. This supports the 
combination of services with circularity criteria. For 
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this reason, shoe parts from the Shoe Manufacturing, 
Remanufacturing (adapted from A2 in Figure 4) 
function and waste material from the Disposal (A4 in 
Figure 5) function are inputs to the Servicing function, 
since they’re used to provide repairing and take-back 
services.

In addition to the Servicing function, this model has 
the inclusion of a new Component Manufacturing 
function. It’s the reason behind this model being 
called a hybrid model, since it borrows the function in 
the shoe manufacturing As-Is which represents the 
manufacturing of components that cannot be made, in 
this case, using additive manufacturing (3D printing).

Figure 5 ShoeLab Hybrid Business Model
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Building on the findings from IDEF0 Business models it 
was then possible to develop a dynamic model utilising 
Anylogic System Dynamics simulation tool. Qualitative 
analysis allowed the identification of the following 
actors within the SD model:

• Producer: Manufactures the Shoes according to 
the customer demand. This element integrates the 
supply chain, fabrication and transport. 

• Retailer: Is in charge of the retail and delivery of the 
product. It delivers the product to the client and 
receives the subscription fee paid by them.

• Service provider: Ensures services such as repairing 
or refashioning of the shoe. Again, responding to 
the customer’s demand for these services.

• Data Manager: Pays a fee for the data gathered from 
the clients’ shoes.

• Recycling Partner: Processes the material coming 
from ‘thrown-away’ shoes

The RdM SD simulation of the ShoeLab case study 
has five main objectives: Obtain the temporal 
response (retard) of the system to the client demand; 
Analyse the cost implications for the Product Service 
System (PSS) approach and its profitability; Make 
recommendations on product prices and capacity 
requirements for ShoeLab; Enable data-driven 
experimentation to allow for multiple scenarios. 

The model is composed of five main subsystems 
(Marketing, Production, Customer Service, Material 
Supply and Accounting) modelled with a System 
Dynamics (SD) approach and one additional subsystem 
describing Customers modelled with an Agent Based 
approach. The marketing subsystem details how 
publicity and word of mouth affect the rate of adoption 
of the product service system; in effect the demand 
for hiring the service is modelled here. The marketing 
subsystem is then linked to the production subsystem 
which how manufacturing and transport capabilities 
affect the lead time and delivery time. The raw 
material resources of the system are modelled by the 
material supply subsystem which includes inventory 
management, the material supply and the recycling of 
wasted products with the potential to provide feedback 
loops into other subsystems. The subsystems are now 
described in more detail.

Marketing subsystem
The aim of this subsystem is to model the demand 
for hiring the service. Publicity and word of mouth 
affect the rate of adoption of the product. Figure 6 
shows the simplified system flow and causal loops for 
this subsystem. The “Order/Adoption Rate” depends 
on the adoption due to “Advertising” plus “Word of 
Mouth” (WOM); the “Fulfilment Rate” depends on the 
Production, described below. This subsystem enables 
the modelling of the system transient response to the 
demand (retard), driven by the “Fulfilment Rate”. The 
customer demand subsystem focusses on satisfying 
customer demand for services rather than products 
and is linked into the production subsystem.

System dynamics business model for RdM

Figure 6 Marketing Subsystem
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Production subsystem 
The purpose of this subsystem is to measure how 
manufacturing and transport capabilities affect the 
lead time and delivery time. The primary output of this 
model will be the “Fulfilment Rate”. Figure 7 depicts 
a simplified version of the SD diagram for this part. 
In this case, the stocks represent products, going 
from “Backlog Orders”, which represent the pending 
orders computed by the Marketing Subsystem; to the 
products fulfilled to the “Retailer”.

Customer demand, accounting and material 
supply and customer subsystems 
The customer demand subsystem acts as analogue to 
the production subsystem but focusses on satisfying 
customer demand for services rather than products. 
In this subsystem, the stocks contain services, where 
“Backlog Services” includes the pending services 
to be completed (shown in Figure 8). The raw 

material resources of the system are modelled by the 
material supply subsystem which includes inventory 
management, the material supply and the recycling 
of wasted products. An accounting subsystem (not 
shown) is provided to calculate the costs within the 
model and output a set of statistics to quantify the 
financial impact of the scenario. It collects data from 
the primary cost driver and income sources. An Agent-
Based Model (ABM) is used to describe the customer 
subsystem. The aim of this subsystem is to model a 
population of customers by means of statecharts.

The statecharts determine the state of every customer 
in terms of service requirements. The transition 
between states is triggered by timeouts or conditions, 
varying on each client depending on the distribution 
of the three ShoeLab customer types (“Fashionable”,” 
Active” or “Body Builder”).

Figure 7 Production Subsystem

Figure 8 Customer Service Subsystem
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Production subsystem 
The purpose of this subsystem is to measure how 
manufacturing and transport capabilities affect the 
lead time and delivery time. The primary output of this 
model will be the “Fulfilment Rate”. Figure 7 depicts 
a simplified version of the SD diagram for this part. 
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Based Model (ABM) is used to describe the customer 
subsystem. The aim of this subsystem is to model a 
population of customers by means of statecharts.

The statecharts determine the state of every customer 
in terms of service requirements. The transition 
between states is triggered by timeouts or conditions, 
varying on each client depending on the distribution 
of the three ShoeLab customer types (“Fashionable”,” 
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With the to-be scenario labour costs are drastically 
reduced due to process automation, requiring just 
supervision and maintenance of the machines. The 
reduction of material costs accrued is explained by 
the recycling activities. Operational costs decrease 
due to minimisation of transport requirements and the 
automation of processes.

This improvement in costings allows for an earlier 
break-even point (210 days) and higher profit margins 
(shown in Figure 10) and a reduction is costs of 40%. 
The output of the to-be scenario highlights potential 
benefits for future RdM, providing quantitative 
measures in terms of cost savings and income 
improvements.

Results
With the to-be model the “new product demand” 
starts with an abrupt increase with the release of the 
product to the market, this demand cannot be fulfilled 
instantaneously by the system until its stabilisation. 
A similar observation is true for the “service demand” 
(triggered by the Agent Based Customer subsystem). 
In the as-is model, with the planed £15 monthly one 
year is required to compensate the initial investment 
costs for manufacturing the shoes and reach break-
even, from where the revenues begin to exceed the 
costs (shown in Figure 9). The total cost is higher in the 
beginning, when the new customers start demanding 
their shoes. Once the “new product demand” has 
been fulfilled, the cost increase slows down, despite 
continuing to grow due to the services provided. 

Figure 9 Cost-Revenue histogram ("As-Is")

Figure 10 Cost-Revenue histogram (“To-Be”) 
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RdM Studio: Development environment 
outline

It is the intention for this feasibility study to lead to 
the creation of an RdM business model development 
environment. Initially this environment will streamline 
the development of new models though it is the 
intention for the software to aid decision making and 
eventually provide an autonomous platform. The initial 
version of this software is under development.

A number of LCA (Life Cycle Assessment) models 
have been created to capture the main impacts of 
3D printing production. In ongoing research circular 
indicators are also being identified within the ShoeLab 
case study and further analysis made to allow the 
findings from the aforementioned case to be applied 
to other forms of 3D printing deployed through an 
RdM form of production organisation. Figure 11 
shows one LCA model relating to the ShoeLab case 
study, involving the SLS (Selective Laser Sintering) 3D 
printing process, examining the material and energy 
needs for production.

Parameters identified in the full lifecycle assessment 
of production will be incorporated into the SD models 
produced to provide enhanced circularity within the 
ShoeLab business model and other models to be 
developed within the RdM Digital Studio.

LCA factors for RdM business models

Figure 11 ShoeLab LCA (involving the SLS 3D printing process)
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The overall aim of this feasibility study was to 
establish if it was possible to construct new business 
models for RdM production and to scope out an 
environment for their potential dynamic production 
based on available big data streams. In developing 
both IDEF0 and SD models this study has been able to 
contribute to the area of RdM and provide theoretical 
underpinning for new forms of business enabled by 
this form of manufacturing. The further development 
of an autonomous environment for business model 
production is a future aim of this project, building on 
the foundations outlined in this report.

Summary

The EPSRC-ESRC funded Network in Consumer Goods, 
Big Data and Re-Distributed Manufacturing (RECODE) 
has been created to develop an active and engaged 
community to identify, test and evaluate a multi-
disciplinary vision and research agenda associated 
with the application of big data in the transition 
towards a re-distributed manufacturing model for 
consumer goods.

In the future development of the Digital RdM studio big 
data sources such as real-time manufacturing streams 
and external data (e.g. marketing trends, social media, 
etc.) relevant to business model decision making will 
be made available to the system for enhanced decision 
making in RdM model development. The RdM digital 
studio will become a fully integrated software platform 
eventually capable of generating new business models 
autonomously, based on data points dynamically 
provided in real time. In order to pursue these 
developments of the RdM studio an EPSRC Proposal 
will be submitted via the responsive mode. 

Recommendations and future development 
roadmap
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RECODE Network 
Digital Re-distributed Manufacturing 
(RdM) Studio 

Background, aim and objectives
The vision of this project is to pilot future 
Re-distributed Manufacturing (RdM) business models 
to dynamically identify optimal scenarios for consumer 
goods industry. The project will develop a Digital RdM 
Studio that will enable data-driven experimentation 
with different business models for the consumer goods 
industry. This project addresses the need to predict 
a future RdM business model based on data-driven 
experimentation with a range of possible scenarios. 
There are no current tools in research or practice that 
support this. The research question we are addressing 
in this study is “How can data-driven decisions predict 
a future RdM business model?” The research aims 
to develop a set of RdM business models for the 
consumer goods industry and outline a Digital RdM 
Studio that will enable data-driven experimentation 
with business model designs.

Feasibility Study Objectives:

• Identify current RdM business models

• Pilot selected future RdM business models

• Contribute to the RECODE roadmap of research

Contribution to Re-distributed Manufacturing
Both the System Dynamics and IDEF0 models provide 
a means to explore new routes to market for products 
developed by RdM and the implementation of RdM 
production itself. This research has also proposed 
a conceptual model (Figure 1) which provides a 
theoretical foundation for sustainable RdM business 
models based on data-driven decision making. The 
conceptual framework incorporates three parts: data 
collection and analytics, data-driven decision making, 
and the sustainable re-distributed manufacturing 
business models. This framework explains how to 
develop sustainable RdM business models based on 
data analytics and simulations. Figure 2 shows the 
business model developed for the ‘ShoeLab’ case 
study, which is a project that aims to develop a proof of 
principle for a smart and sustainable 3D printed shoe. 

Executive Summary

Figure 1 Conceptual framework for sustainable re-distributed manufacturing business models based on data-
driven decision making
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Feasibility study conclusions
The following findings have been made in the course of 
this research:

• New business models for RdM have been 
developed, focused on the ShoeLab case study.

• A conceptual framework for RdM business model 
development has been put forward.

• Significant scope exists for dynamic inclusion of 
manufacturing data and assisted decision making 
in business model development. 

• Circularity issues and a consideration of Lifecycle 
Assessment are recognised and addressed in the 
RdM business models.

The overall aim of this feasibility study was to establish 
if it was possible to construct new business models for 
RdM production and to scope out an environment for 
their potential dynamic production based on available 
big data streams. In developing both IDEF0 and SD 
models, this study has contributed to the area of RdM 
and provide theoretical underpinning for new forms of 
business enabled by this form of manufacturing. The 
further development of an autonomous environment 
for business model production is a future aim of this 
project.

Impact and future research
The EPSRC-ESRC funded network in consumer 
goods, big data and Re-distributed Manufacturing 
(RECODE) has been created to develop an active and 
engaged community to identify, test and evaluate 
a multi-disciplinary vision and re-search agenda 
associated with the application of big data in the 
transition towards a re-distributed manufacturing 
model for consumer goods. In the future development 
of the Digital RdM Studio, big data sources such as 
real-time manufacturing streams and external data 
(e.g. marketing trends, social media, etc.) relevant 
to business model decision making will be made 
available to the system for enhanced decision making 
in RdM model development. The RdM Digital Studio 
will become a fully integrated software platform 
eventually capable of generating new business models 
autonomously, based on data points dynamically 
provided in real-time. To pursue these developments of 
RdM Studio, an EPSRC proposal will be submitted via 
the responsive mode.

Figure 2 ShoeLab RdM Business Model
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RECODE Network

The EPSRC-ESRC funded Network in Consumer 
Goods, Big Data and Re-distributed Manufacturing 
(RECODE) has been created to develop an active 
and engaged community to identify, test and 
evaluate a multi-disciplinary vision and research 
agenda associated with the application of big 
data in the transition towards a Re-distributed 
Manufacturing model for consumer goods.

The exponential growth of available and 
potentially valuable data, often referred to as 
big data, is already facilitating transformational 
change across sectors and holds enormous 
potential to address many of the key challenges 
being faced by the manufacturing industry 
including increased scarcity of resources, 
diverse global markets and a trend towards mass 
customisation. The consumer goods industry, has 
remained largely unchanged and is characterised 
by mass manufacture through multi-national 
corporations and globally dispersed supply 
chains. The role of Re-distributed Manufacturing 
in this sector is often overlooked, yet there is 
great potential, when combined with timely 
advances in big data, to re-define the consumer 
goods industry by changing the economics and 
organisation of manufacturing, particularly with 
regard to location and scale.

The RECODE Network conducted five feasibility 
studies led by the academic core partners, 
steering group partners, and new partners who 
joined through the RECODE Sandpit on 02-03 
March 2016. A multidisciplinary team comprised 
of internationally renowned experts from 
Cardiff University and Manchester Metropolitan 
University and practicing industry leaders in the 
fields of big data analytics, consumer insights 
and manufacture were involved in the delivery of 
this feasibility study. 

RECODE has developed novel methods and 
undertaken innovative events to engage 
communities of academics, international 
experts, user groups, government and industrial 
organisations to define and scope a shared 
multi-disciplinary vision and research agenda. 
To find out more, visit our website: 
http://www.recode-network.com
 

About Us

RECODE Network 
SME-Oriented Collaborative Customer 
Insight Platform for User-driven RdM 
(SOC-UDRdM) 

149



www.recode-network.com 150

Introduction
SOC-UDRdM industrial survey results
Perception of Re-distributed Manufacturing

Availability of customer data

Data storage

Data volume

Awareness of big data

SME case studies
Customer engagement and collaboration

Customer and product data

Big data enabled product and service design

Summary

SOC-UDRdM customer insight system
System architecture

Data acquisition

Sentiment analysis

Aspect-level sentiment analysis 

Document-level sentiment analysis

User interface

The implementation

Data sources

Data visualisation and system use

Summary

Workshop outputs

Conclusions

References

Table of Contents

5
6
6

6

8

9

9

11
11

12

13

13

14
15

15

16

17

17

17

18

18

18

20

21

21

22

The term Re-distributed Manufacturing (RdM), within 
the context of the UK Engineering and Physical Science 
Research Council (EPSRC) RdM Networks programme, 
has been defined as technology, systems and 
strategies that change the economics and organization 
of manufacturing, particularly in relation to location 
and scale [1]. Smaller-scale manufacturing has the 
potential, if applied appropriately with suitable levels of 
localization, to drastically reduce supply chain costs, 
improve sustainability and tailor products to the needs 
of users and consumers. 

Such smaller-scale manufacturing has the potential 
to help tailor products to satisfy the specific needs of 
consumers differing in terms of geographical location, 
cultural roots, improve sustainability as well as drive 
the society towards circular economy [2]. 

While RdM has the great potential to improve 
sustainability, currently, very little has been understood 
on how RdM could help SMEs for gaining economic 
benefits due to the constraint of their business model, 
lack of understanding on customers, limited resource 
commitment on R&D, marketing and sales, supply 
chain integration, etc. 

Micro enterprises and small and medium-sized 
enterprises (that for the purposes of this exploratory 
study will be referred to as SMEs) have an important 
role to play in the continuing success and growth of 
national economies. Studies have suggested that 
the contribution of SMEs in realizing the demands 
and improving the profitability of their supply chain 
partners (including large organizations) should not 
be understated, as such play a critical role in modern 
economies [3, 4]. 

A study conducted for the British government’s 
department of business innovation and skills reported 
that in 2015 99.9% of the total number of enterprises 
in the UK could be classified as being SMEs. These 
companies contributed more than 2/3rds of private 
sector workforce as well as 47% of the annual turnover 
in the UK. 

According to an extensive study of companies 
conducted by The Data Warehousing Institute (TDWI) 
in 2009, 38% of organizations surveyed reported that 
they utilize advanced analytics, whereas 85% said they 
would be practicing it within three years [5]. According 
to the study the respondents were spread evenly 
across a wide spectrum of company sizes. However, 
only 23% of respondents were from companies whose 
revenue was less than $100million [5], within the EU 
this is above the turnover threshold for a medium 
enterprise. Additionally only 4% of respondents to 
this study were from non-computer manufacturing 
companies. As such this and other industry 
studies may not accurately reflect the opinions of 
manufacturing SMEs. 

This feasibility study specifically focuses upon SMEs 
in the UK and their potential motivations for using 
and knowledge of big data based customer analytics. 
Whilst there is much research regarding big data and 
collaborative design there is comparatively little that 
examines these from the perspective of SMEs. Two 
research questions are tackled: 

1. What are companies doing with regards to their 
product and customer data? 

2. What position are they in to make use of big data 
analytics and participate in RdM?

Introduction
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The term Re-distributed Manufacturing (RdM), within 
the context of the UK Engineering and Physical Science 
Research Council (EPSRC) RdM Networks programme, 
has been defined as technology, systems and 
strategies that change the economics and organization 
of manufacturing, particularly in relation to location 
and scale [1]. Smaller-scale manufacturing has the 
potential, if applied appropriately with suitable levels of 
localization, to drastically reduce supply chain costs, 
improve sustainability and tailor products to the needs 
of users and consumers. 

Such smaller-scale manufacturing has the potential 
to help tailor products to satisfy the specific needs of 
consumers differing in terms of geographical location, 
cultural roots, improve sustainability as well as drive 
the society towards circular economy [2]. 

While RdM has the great potential to improve 
sustainability, currently, very little has been understood 
on how RdM could help SMEs for gaining economic 
benefits due to the constraint of their business model, 
lack of understanding on customers, limited resource 
commitment on R&D, marketing and sales, supply 
chain integration, etc. 

Micro enterprises and small and medium-sized 
enterprises (that for the purposes of this exploratory 
study will be referred to as SMEs) have an important 
role to play in the continuing success and growth of 
national economies. Studies have suggested that 
the contribution of SMEs in realizing the demands 
and improving the profitability of their supply chain 
partners (including large organizations) should not 
be understated, as such play a critical role in modern 
economies [3, 4]. 

A study conducted for the British government’s 
department of business innovation and skills reported 
that in 2015 99.9% of the total number of enterprises 
in the UK could be classified as being SMEs. These 
companies contributed more than 2/3rds of private 
sector workforce as well as 47% of the annual turnover 
in the UK. 

According to an extensive study of companies 
conducted by The Data Warehousing Institute (TDWI) 
in 2009, 38% of organizations surveyed reported that 
they utilize advanced analytics, whereas 85% said they 
would be practicing it within three years [5]. According 
to the study the respondents were spread evenly 
across a wide spectrum of company sizes. However, 
only 23% of respondents were from companies whose 
revenue was less than $100million [5], within the EU 
this is above the turnover threshold for a medium 
enterprise. Additionally only 4% of respondents to 
this study were from non-computer manufacturing 
companies. As such this and other industry 
studies may not accurately reflect the opinions of 
manufacturing SMEs. 

This feasibility study specifically focuses upon SMEs 
in the UK and their potential motivations for using 
and knowledge of big data based customer analytics. 
Whilst there is much research regarding big data and 
collaborative design there is comparatively little that 
examines these from the perspective of SMEs. Two 
research questions are tackled: 

1. What are companies doing with regards to their 
product and customer data? 

2. What position are they in to make use of big data 
analytics and participate in RdM?

Introduction
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Perception of Re-distributed Manufacturing
Because RdM has been defined around smaller scale 
manufacturing SMEs stand to potentially gain the most 
from the proliferation of RdM. In order to gauge the 
perception of RdM amongst SMEs they were asked 
three questions. 

1) Have they heard of RdM (awareness); 

2) Would RdM be helpful in their company (usefulness); 

3) Do they have any plans to get involved in RdM 
(involvement).

As Table 1 shows the majority of respondents had 
not previously heard of RdM and only a minority think 
it could be important for them or have any plans to 
become involved.

The fact that 67% of respondents were unsure how 
useful RdM could be suggests that the RdM research 
community and policymakers still have a lot of work 
to do to raise awareness amongst SMEs. This is 
concerning as theoretically it is SMEs who could stand 
to benefit from RdM.

The alternative to this could be large manufacturers 
establishing smaller, distributed manufacturing, 
assembly or finishing centers. The automotive sector 
provides an example of this, although not common in 
Europe it is normal for dealerships to fit optional extras 
in cars in emerging economies. This lowers the product 
variety levels offered by the car plant which in turn 
keeps production costs low [6].

SOC-UDRdM industrial survey results

Table 1 Perception of Re-distributed Manufacturing

Availability of customer data
A company, depending on the products it makes and 
the IT systems it uses can carry varying types of 
information.  The bare minimum most companies will 
have is sales and order information, some will carry 
product specification data especially when bespoke 
products are frequently manufactured. Other forms of 
data that companies may hold include CAD data from 
customers, returns data and potentially feedback as 
well.

For the purposes of the survey the different types 
of data were grouped into several broad categories: 
Supplier Data; Manufacturing Data; Product Data; Sales 
Data; Customer Data; Financial Data. The respondents 
were then asked to indicate what type(s) of data they 
had (they were also given a free text field to indicate 
any other types of data they have).

In the results shown in Table 2, it can be seen that 
nearly all of the respondents in the survey maintain 
product data and that the majority keep sales data. 
With hindsight the near universal maintenance of 
product data could be considered to be unsurprising 
as it is sufficiently broad that this would incorporate 
CAD data, product specification, product datasheets 
etc. Such data could for example include what is 
necessary for a “CE” mark within the EU that shows 
that the manufacturer has checked that these products 
meet EU safety, health or environmental requirements. 
Additionally one respondent indicated that they also 
kept research / IP related data and another kept 
regulatory compliance data.

Table 2 Types of data held by companies

Unsure Yes No

Aware - 40% 60%

Useful 66.7% 6.7% 26.7%

Involvement - 6.7% 93.3%

Type of data held Percentage of respondents 

Supplier data 77.3% 

Manufacturing data 77.3% 

Product data 90.9% 

Sales data 81.8% 

Customer data 68.2% 

Financial data 77.3% 

Other 13.6% 

Based on the results from this preliminary question, 
there is an indication that the majority of companies 
could be in some sort of position to apply some form 
of big data analysis techniques. However, this would of 
course be contingent on the type of data being stored 
and its format, for example a sales spreadsheet would 
be considerably easier to analyse than a scanned 
document.

Despite the fact that companies may maintain a lot 
of data those figures would not indicate how much 
customer specific data is kept. The companies were 
asked if they maintain data about their customers, from 
Table 3 it can be seen that 80% said that they do and 
20% responded that they do not.

Based on this the respondents answering ‘Yes’ were 
asked to provide information regarding how they 
currently use data (in whatever way it is stored) as 
shown in Figure 1. Of those that responded the majority 
indicated that they use it to improve their products, 
market and customer service. This raises an interesting 
question, that would perhaps be worthy of future study, 
regarding how many companies use or keep records of 
their product reviews. Specifically those from websites 
such as Amazon where customers leave feedback and 
Which?, an organization that conducts formal product 
tests. Such websites, as mentioned earlier, can contain 
a great deal of information that might be of use to 
product manufacturers.

Table 3 Is data regarding customers stored?

Figure 1 Current uses of customer data

Yes No

Maintain 
customer data

80% 20%

Personalising 
customer

experience

Improve 
products or 

services

Improve 
marketing

Improve 
customer 

service

Reduce risk 
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Other 
(please specify)
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As some of the analyses mentioned in Table 4 are 
provided within Customer Relationship Management 
(CRM) systems the respondents were asked to confirm 
whether the used CRM systems of not. The results if 
Table 5 show that the overall response was that 67% 
of the respondents did not use CRM and only 33% did 
use CRM systems. This could be a matter of concern, 
if a company isn’t in the position to use CRM it raises 
a question mark regarding how able they would be to 
make full use of big data analytics.

Data storage
Studies have suggested that cloud computing could be 
an enabler for SMEs wishing to use big data analysis 
[7]. However, in order to make this achievable there 
is some is necessity for the use of cloud storage.  
Therefore the respondents were asked what storage 
methods they used. As can be seen from Figure 2, 50% 
of respondents use cloud storage for some if not all of 
their data. This is broadly positive as it implies there is 
some familiarity with cloud computing at some level.  
The majority of respondents use Network Attached 
Storage which suggests a degree of familiarity with the 
idea of not just storing data on the hard drive of the PC 
they use.

Table 4 Use of Customer Relationship Management 
systems

Flash drives Hard drives Hard drive 
arrays

Network 
attached storage

Cloud storage

Figure 2 Storage methods used by SMEs

Yes No

Use customer
relationship

management
33% 67%

Data volume
In order to gauge how much data companies actually 
store they were asked to estimate how much data their 
company actually has. The results of this are illustrated 
in Figure 3, as can be seen the majority of respondents 
have less than 2TB of data. Though this amount may 
seem comparatively small (within the context of big 
data) but taking a historical perspective 500GB of data 
is over 100 times the capacity of a typical hard drive 
used in a fileserver’s RAID array in 1996 (c. 4.3GB) and 
would have been unimaginable for SMEs.

The respondents were asked whether they had any 
difficulties managing the volumes of data they have 
and 77% responded that they do not have a problem. 
However, 23% have indicated that they do have a 
problem and a cross-tabulation between this and the 
results in Figure 3 shows that it is the respondents 
with >2TB of data that experience problems. Problems 
noted by respondents included “too much [data] and 
not enough time to analyse” and “lack of experience”.

This is broadly positive as it shows that at the very 
least most are able to manage the data that they 
already have, but it does seem to suggest that as 
volumes increase companies begin to encounter 
problems.

Figure 3 Amount of data stored by SMEs

Awareness of big data
The survey respondents were asked if they were aware 
of big data analytics as a yes / no question (Table 5). 
As the table below shows less than half of them were 
aware of big data analytics.  When compared to the 
85% figure for companies that would be using it within 
three year from the TDWI [5] this suggests that there is 
a possible discrepancy between what businesses as a 
whole and what manufacturing SMEs think about big 
data and potentially their ability to gain meaningful 
results.

Also of note is that 75% of companies surveyed 
by TDWI were non SME and only 4% were non-
IT manufacturers, this also suggests that larger 
enterprises are more aware of big data than SMEs 
(especially manufacturing companies outside of 
computing / IT sectors).

Further analysis of the survey data showed that the 
respondents from the previous section who had >2TB 
data and were experiencing problems indicated an 
awareness of big data analytics.

Table 5 Awareness of big data analytics.

More than
10 TB
14%

1 GB -
500 GB

24%

2 TB -
10 TB
29%

500 GB -
2 TB
33% Yes No

Aware of 
big data

50% 50%
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Figure 4 Insights that companies wish to gain through analytics

Figure 4 shows what companies would hope to garner 
from big data analysis, the responses when comparing 
to the lists provided in [8] it shows that the overall 
awareness of all that could be achieved through the 
application of big data analytics is perhaps not as good 
as it could. Additionally this suggests that perhaps 
there is a possibility that companies have heard of big 
data analysis but are in reality unaware of what it can 
offer, this would have to be investigated through further 
studies. In total of the companies who had heard of big 
data analytics three quarters of them actually had a 
vision of what they’d hope to achieve through big data 
analytics.

Based on this initial data it could be concluded that 
there is a need to further inform SMEs about big data 
analytics, what it can do and how to overcome the real 
or imaginary barriers to entry that SMEs might face.

Market
understanding

Increase in
productivity

Understanding 
customer patterns 
and characteristics

Sales predictions Other
(please specify)

The case studies examined how several manufacturing 
SMEs dealt with their data, product design, customer 
engagement and what they felt big data could offer 
them.  In order to create a picture of the challenges 
SMEs face these results have been synthesised. 
Illustrating what small and medium companies are 
doing, wish to do and what challenges they face for 
each of the above themes.

Customer engagement and collaboration
Amongst the SMEs interviewed it was discovered that 
there were essentially three models of engagement 
used. Direct sales from the company location, sales via 
company retail point and resellers (Figure 5).

The companies whose sales are direct report that 
it enables the companies to directly engage with 
the customer to obtain a good understanding of 
the customer needs. Even those who utilise an 
in-company retail point at a different geographic 
location (often with salespeople involved) are already 
reporting that they have challenges finding out what a 
customer desires from their product. This can include 
salespeople filtering out “bad news” that they think the 
manufacturer doesn’t want to hear – even though they 
do want this information in order to improve product 
quality. Those who have no direct or indirect contact 
with their customers (dealing solely with resellers) 
report that they find it even more difficult to obtain 
information, such companies acknowledge that some 
form of customer sentiment analysis tool would be 
highly beneficial.

SME case studies

As well as the challenges associated with obtaining 
feedback another challenge some companies face 
is that of regulations. At one level, it can be CE 
marking which indicates that the manufacturer claims 
compliance with the relevant EU legislation. A far 
bigger challenge is faced by those companies who face 
tougher regulation because of the sector they operate 
in and/or the products they manufacture. As an 
example, some safety products require type-approval, 
as such they are produced to a standard with little 
room for manoeuvre before re-approval is required.  So, 
colour can be changed but if the geometry is changed 
then new type-approval is required. This can tie the 
hands of the manufacturer and make customisation 
prohibitively expensive.

Figure 5 Captured SME-customer interactions in Re-distributed Manufacturing

ISO
CE
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Figure 6 Product and customer data leads to new value creation and business models

Customer and product data
The companies interviewed maintain a variety of 
data from and regarding their customers. All of them 
maintain sales data whether it’s in an Excel based 
system or a dedicated package such as Sage 50. As 
mentioned in the previous section there are several 
different sales channels that the companies use, 
therefore this data could come from direct sales or via 
outlets that they serve (Figure 6).

The specific product data can range from the basic 
data relating to the design of the product, to highly 
detailed and specific CAD data. One company 
has a web-based system for its sales team that 
allows certain product parameters to be adjusted 
with costings and production data automatically 
produced. The availability of product feedback data 
from customers is also highly variable with some 
companies and products having very little feedback 
(other than perhaps data arising from product returns).  
Additionally, sales teams sometime filter information 
such that product designers do not get a full picture of 
what is going on. This makes the availability of some 
form of analysis tool where customer options and 
preferences could be gathered and analysed a highly 
attractive proposition.

The perception regarding data handling challenges by 
the companies is that any problems are comparatively 
minor, showing that the companies are comfortable 
handling the amount of data that they do. The 
challenges they have identified include not having as 
much feedback data as they’d like and data and IP 
protection (specifically stopping competitors copying 
products).

Figure 7 Big data enabled product and service design

Big data enabled product and service design
Although the companies had some awareness of the 
idea of big data there was no real knowledge of where 
to start when it came to implementing it within their 
own companies (Figure 7).

Amongst the things companies are interested in 
finding out via big data are developing trends within 
the markets that they serve, feedback on the products 
they manufacture and what gaps in the market could 
be based. Based on this data their products could 
be improved and new ones potentially developed.  
However, some companies feel that in the short-term 
professional CRM systems may be of more benefit than 
a financial investment in big data analytics. 

Summary
With regards to the two research questions posed the 
following conclusions can be drawn:

RQ1 - What are companies doing with regards to their 
product and customer data?  Although companies 
are storing data, not all companies are actively using 
customer data. The survey also showed that only a 
few companies are actively using CRM systems, which 
could provide answers to some of the queries they 
have.

RQ2 - What position are they in to potentially make 
use of big data analytics and participate in RdM? Half 
the respondents had not heard of big data analytics, 
of those who did there were some ideas regarding 
what they hope to achieve. However, as mentioned 
above a small proportion of companies actively used 
any form CRM which could perhaps provide some of 
the insights they wish to obtain. The small number 
of respondents who had any plans to get involved in 
RdM is a concern as it suggests that there is a lack of 
awareness of what it is and how SMEs stand to benefit.  
The potential consequence of this is that individual 
SMEs may miss-out or that large manufacturers take 

it upon themselves to redistribute their manufacturing 
hence ignoring SMEs.  This is something that may 
require actions from academia, policymakers as well 
as organizations involved in supporting and nurturing 
manufacturing.

The results of this exploratory study suggest that 
although there may be some demand for big data 
analysis it is possible that the current solutions may 
not be viable for SMEs and that SMEs are seem to be 
ill-prepared and ill-equipped to make the most of what 
big data analytics can offer them.

This initial exploratory survey also shows that there is 
a necessity to study the needs of manufacturing SMEs 
and big data analytics and RdM in more detail.

?
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As the arrival of the fourth industrial revolution, data-
driven digital services and products are playing a 
central role to drive breakthrough revenue growth, 
optimise customer interaction and access, and offer 
strategic decisions for both companies and customers 
on what to produce or buy [9][10].

One area of interest is in the extraction and 
quantification of customer’s affective states and 
other subjective information from online reviews 
appearing on social media, as well as merchant and 
review websites, for various products and services. A 
product review, written by a user, refers to a customer’s 
opinion about a product, which describes negative, 
positive or neutral parts of a product. Product reviews 
have been widely recognised to have a significant 
influence on customers’ shopping decisions and 
products and services and also business strategies 
and manufacturing decisions [9][11][12][13]. For instance, 
[12] presented a comprehensive analysis on the impact 
on economic outcomes such as product sales and 
its relation to product reviews by exploring multiple 
aspects of review text. In [13], it described how 
customers read reviews to find unique information 
about products and reduce the risk of their buying 
decision. The work [10] developed an approach by 
mining consumer reviews to better understand what 
are the customer preferences and actions and how 
reviews impact price power of product and how to 
improve product sales predictions.

However, with the massive information available, 
manual analysis of the data is costly and time 
consuming as well as being subjective, prone to error. 
For example, if a customer wants to buy product, he 
or she might only be able to read a small number of 
reviews, which may lead to a biased purchase decision.  
Similarly, a business may not be able to keep track 
their products and understand market needs and 
make timely decisions on what to produce.  Despite 
encouraging existing research efforts on sentiment 
analysis in the domain of product reviews [9][14][15], most 
existing systems are partially automated with the 
main focus on sentiment analysis part, which may not 
be able to handle big data. In addition, these existing 
systems mainly provide text review summaries but 
not graphical summaries.  The challenges remain on 
how to collect data from websites, analyse them and 
present the results to users in a user-friendly efficient 
manner.

SOC-UDRdM customer insight system

To address the challenges above, different from all 
existing systems, we have proposed a cloud-based 
data analytics platform, which can automatically 
scrape data form online websites, perform sentiment 
analysis of a given product and visualize summaries 
of reviews based on product feature aspects and 
aggregated features for customer insights in real time. 

Data acquisition
To analyse the reviews, it is important to first 
accurately and collect data from websites in a timely 
manner.  However, due to high volumes of data, manual 
collection of web data increases the cost of labour 
significantly. Additionally it is known to be error prone. 
There is a need to develop an automated approach 
to scrap review data from website.  In this work, we 
have developed web scraping service to collect review 
data from Amazon website, which can be effortlessly 
consumed by analysis components of the system.  Due 
to restricted access to the review information in its 
raw form, we have combined Amazon product API with 
our web scraping service to search Amazon database 
and return the search results, which then prompts the 
retrieval of the review data and automatically load 
the product review pages from the website and copy 
out the text of reviews for the subsequent stage of 
analysis. 

System architecture
Based on the objectives above, the system should 
be able to provide the ability for a user to search for 
products, select them and view a number of charts that 
highlight the customers’ affections to various features 
of the product. Useful information that can be gleaned 
includes, but is not limited to, overall satisfaction with 
the product, a list of features specifically chosen for 
comment by customers and their related sentiment, 
the ability to compare categories for a given polarity 
to see the distribution of sentiment, the distribution of 
sentiment for any given category and the comparison 
of these charts for different products. The system 
should also be able to show the potential for 
geographical maps if the data is available highlighting 
the countries with the most liked or disliked products 
or areas with the largest number or reviewers or 
particular sentiments. Finally, all of these can be linked 
directly to the text of the review allowing the user to 
select any section of the charts and read the filtered 
reviews that specifically relate. This allows the user to 
read why there is a negative sentiment regarding price 
or what exactly people like about the way it fits. All this 
information can be used to better improve products or 
services by detecting trouble areas or showing what 
works well.

The overview of the system is shown in Figure 8. 
Due to both research and commercial interests, we 
have chosen Amazon website as an exemplar case 
study.  However, our system can be adapted to other 
websites for sentiment analysis of text data. There 
are several components of the system including 
1) data acquisition; 2) sentiment analysis; 3) data 
visualization; 4) graphical user interface.
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Data acquisition
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Sentiment analysis
Sentiment analysis refers to detect whether a given 
text represents a positive or negative or neutral opinion 
(sentiment polarity). There are three levels of sentiment 
polarity classification including document, sentence 
and aspect levels [16]. The document level mainly 
focuses on classification of a whole document as 
expressing a positive or negative opinion. The sentence 
level analyses each sentence’ sentiment polarity. The 
aspect-level sentiment analysis mainly deals with 
specific aspects or features of a document. In our case, 
we mainly target aspect-level sentiment analysis of 
product features. For example, a review about a mobile 
phone may contain the following:

“The screen was great but the speakers were terrible”. 
An ideal sentiment analysis system should be able 
to identify both “screen” and “speakers” as product 
features with positive and negative sentiments 
respectively.

Aspect-level sentiment analysis is particularly useful to 
compare two or more products based on their feature 
aspects. However, most of current online websites 
only provide an overall score for a particular product. 
Consumers have to read all reviews and conduct 
manual analysis to make decisions.

In our work, we have applied both document-level 
analysis and aspect-level analysis to product reviews. 
The workflow of sentiment analysis module is shown in 
Figure 9.

Figure 9 Sentiment analysis workflow
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Aspect-level sentiment analysis
For the aspect-level sentiment analysis of this work, 
we have built upon [14] and extended his work by 
introducing new feature categorisation and feature 
matching algorithm. The basic technologies in 
use are the Stanford Natural Language Processing 
library (coreNLP) for tokenisation [17][18] and Support 
Vector Machine (SVM) using the libSVM library 
implementation for feature detection and sentiment 
detection [19]. Essentially, it attempts to determine if 
any given word in the review is a ‘feature’ or a 
sentiment-bearing word by first processing the 
review text using coreNLP which tokenises the text 
and assigns features to each token based on natural 
language principles, these are then passed into four 
SVM models (both lexical and syntactic models for 
‘feature’ and ‘sentiment’ detection separately). These 
models provide a score based on how much each token 
fits each role and if a token has scores above zero then 
the model that provided the highest score determines 
its type. Once the features and sentiments have been 
extracted, it determines which sentiment applies 
to which feature through the use of the matching 
algorithm developed for this project. This data can 
then be collected such that all the raw review texts are 
packaged up with their specific extracted features and 
sentiments and sent to the web application. 

During this process, an important part of the analysis 
concerns the matching of each feature with the 
appropriate sentiment bearing word so that the correct 
sentiment value can be recorded. We have developed 
a matching algorithm where it follows a rule-based 
approach to connecting a feature with its appropriate 
sentiment working first on a proximity basis and then 
to any connected sentiment found through the natural 
language processing. This method consists of three 
steps:

• The first step checks whether the feature itself is 
sentiment bearing and if so matches the token with 
itself as the sentiment expressed by the token is 
certainly related to the feature, i.e. “comfortable”.

• The second step iterates through the surrounding 
6 tokens, 3 on each side of the feature looking for 
a sentiment. In this case if a sentiment is found it 
is matched because the closer to the feature the 
sentiment is the more likely it is to be related. For 
example many of the reviews had simple terms 
such as, ‘good looking’ or ‘great price’ as well as ‘the 
colour was good’ or ‘it fits very well’ and as such by 
checking the 6 tokens alternately starting with the 
preceding one and then the next one and continuing 
outwards any detected sentiment had a high 
probability of being connected. However a number 
of issues can arise from this particularly lists and 
comments including ‘but’.

• The final step checks the semantic incoming edge 
of the feature token (which is set as part of the 
natural language processing module) to determine 
if it is a sentiment or a feature. If it is a sentiment 
then as with the previous reasoning it is likely to 
be connected to the feature as it is in semantic 
proximity. If it is a feature then the thought is that 
given the feature is semantically close and we 
have not discovered a sentiment within a 3 word 
radius, then we can assign the sentiment of the new 
feature to the current one as it is likely with a list 
or comment discussing the same sentiment about 
multiple features at the same time. To do this the 
matching algorithm is recursively called on the new 
feature and the result returned. Finally the other 
semantically tagged tokens are inspected.

 
Document-level sentiment analysis
For the document-level analysis, we have analysed 
the sentiment polarity of a whole review text based 
on the Stanford Natural Language Processing library 
(coreNLP) [17][18], which takes the input of a review text 
and returns the polarity of each sentence and then 
aggregates polarity of sentences.

User interface
One of the objectives of this work is to design a friendly 
easy to use web-based interface to control the system. 
With this in mind, we have used the different cards to 
delineate a number of functional areas, which contains 
a different aspect of the interface. We have also used 
a small palette of contrasting colours used to clearly 
emphasise the function of items such as buttons and 
dropdown menus. Shadows are also used to simulate 
depth on interactive objects.  The changes of colour 
and shade are used to denote the state of user controls 
coupled with changes to the pointer standardised 
across browsers. The chart card is used to display 
the visualised data of a selected item which can be 
controlled using the contextual controls in the card 
above. This card contains a chart selection dropdown 
to change between different charts and a range of 
select inputs and buttons that will appear based on the 
chart chosen which can be used to specify the data 
displayed.  
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The implementation
To enable the system to be run on the cloud computing 
platform and ensure scalability and efficiency, we 
have chosen a REST design pattern, all the system 
components have been implemented as web services 
based on Dropwizard [20], a java-based framework/
library to facilitate development of high performance, 
restful web services. The system combines Jetty as an 
embedded web server, with Jersey to map Java objects 
directly to HTTP requests using Jackson for the JSON 
conversion and a variety of often used libraries in 
Java development. Essentially it allows us to create 
standard Java classes and use annotations to map the 
various methods and object to the HTTP request URLs 
without having to manually create handlers or servlets, 
etc. It also generates a single large jar file which 
combined with a configuration file is all that is needed 
to run the service, making distribution and deployment 
a simple matter.

Data sources
The data was scraped from Amazon website in 
real time. Since we have used supervised machine 
learning approach, for the training purpose, we have 
first collected a total of 704 reviews containing 1073 
product aspect features for the model construction. 
Each feature was tagged with the exact text from the 
review that represented. N-fold cross validation was 
used for the validation of the model.

Data visualisation and system use
To provide a clearly condensed representation of the 
reviews about a given product that a user wants to get, 
we have developed visualization techniques in various 
of charts to provide product review summaries, which 
are based on features and or aggregated features of a 
given product. The charts have been chosen to provide 
insight based upon the results of the analysis but also 
to show the various different ways the data can be 
displayed. These charts include:

• A stacked bar chart to show positive, neutral and 
negative reviews for all features, as shown in 
Figure 10 a) and b). Through this figure, we can 
immediately understand how customers feel about 
specific aspects of a product. It is easily to see that 
most customers care about “Fit” and “Construction” 
with the majority positive reviews in Figure 4 a).

• A pie chart to show multiple products with positive, 
neutral and negative for each feature, as shown 
in Figure 11. This chart allows users to quickly 
understand which products, categories and features 
have strong positive or negative opinions.

• A column chart to show multiple products with 
positive, neutral and negative for each feature to 
enable comparison among the product features, as 
shown in Figure 12.

• A geo-location chart showing positive, neutral and 
negative reviews by country of manufacturers, as 
shown in Figure 13.

Figure 10 A stacked chart to provide summarisation of polarity for each category of a given product:  
polarity by category: a) without showing review texts, and b) with review texts.

Figure 11 A pie chart to summarise the polarity of reviews
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Figure 10 A stacked chart to provide summarisation of polarity for each category of a given product:  
polarity by category: a) without showing review texts, and b) with review texts.

Figure 11 A pie chart to summarise the polarity of reviews
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Summary
Customers are at the centre of the changes to value 
chains, products and services. Using smart data 
analytics is an efficient way to understand and meet 
their needs. This feasibility study has proposed a 
scalable, user-friendly system to enable fast automated 
extraction of product features and classification of 
polarity of product reviews for improved customer 
insights. The experimental evaluation shows that the 
proposed system has high accuracy on feature aspect- 
level sentiment analysis. The relationships between the 
number of reviews/words and the total execution time 
under different CPUs have been investigated. It has 
shown a strong correlation with a linear relationship, 
which demonstrates the scalability of the system.  

Figure 13: A geo chart to show positive, neutral and negative reviews by country of manufacturers 
(The colour of the country represents a normalised polarity)

Figure 12: A column chart to show multiple product features for easy comparison

Workshop outputs
As part of the activities, two workshops (in Cardiff and 
Manchester) were organised to present the outputs of 
the SoC-UDRdM project, in total there were some 30 
attendees from business and academia.  The common 
theme arising from both of the workshops was that 
there was a large knowledge and capabilities barrier 
preventing SMEs from even beginning to utilise big 
data analytics (let alone maximising the potential 
benefits) to improve their products and customer 
service. Some of the key points arising from the 
workshops include:

• “Little data” might be a more appropriate term for 
the application of big data analysis techniques to 
SME data

• Big data is context sensitive e.g. an SME that uses 
computational modelling and CAD tools will have 
considerably more data than one that doesn’t – yet 
relatively speaking they both have big amounts of 
data

• Even large SMEs struggle with “little data” let alone 
“Big”

• SMEs need to know: What they can do; Where the 
data is; How they can analyse the data

• Customer insights aren’t guaranteed to deliver the 
“next big thing”, they have a tendency to be reactive 
rather than proactive

• Insights needed into how customers use a product 
rather than just what they want or think of a product

• Sometimes what customers think they need from 
a product can actually be different to what they 
actually need and big data could help find this out

• Social media is becoming increasingly important for 
feedback (both good and bad) for both B2C and B2B 
customers

• Big data (plus the Internet of Things) is a precursor 
for moving towards a product-service system model 
of operating

• The customer insight system seems to be a good 
starting point to achieve the type of application an 
SME would be looking for

• SMEs are concerned about choosing the wrong 
tools and techniques for analysing because they 
have insufficient knowledge regarding big data

• Cost is a concern, SMEs are not always in the 
position to be able to spend large amounts of 
money on big data tools and even if they did they 
would not necessarily have the human resources to 
configure, run and maintain such a system

• Cloud-based tools that are low cost with access to 
sources of product review data such as Amazon or 
other internet retailers appear to be desirable

Conclusions
This feasibility study has investigated the use of big 
data tools in product design and improvement from the 
perspective of SMEs.  It has shown that although SMEs 
have product and customer data, and that they are 
aware of big data they don’t know where to begin.  They 
feel that the term big data is overwhelming and doesn’t 
reflect the reality of SMEs and that “little data” might 
be a more appropriate term for SMEs and that what a 
large volume of data is will vary from sector to sector. 
Therefore in one sector 500Gb could be considered 
a very large volume of data in another 10Tb could be 
considered very large.

SMEs are particularly concerned about choosing 
the wrong tools and techniques for analysing data 
because they have insufficient knowledge and do not 
necessarily have the time to invest in investigating 
different solutions.  As well as the fear of not selecting 
the solution that because the industry or market 
standard and that they have to spend money on 
changing systems.  However, where presented with 
the prototype system they were very positive about the 
concept and could begin to see how big data could be 
of use for them.

Overall the idea of big data analytics for gaining 
customer insights was well received but SMEs will 
need both guidance and the suitable tools before they 
will be able to make the most of it.
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RECODE Network 
SME-Oriented Collaborative Customer 
Insight Platform for User-driven RdM 
(SOC-UDRdM)

Background, aim and objectives
Micro enterprises and small and medium-sized 
enterprises (for the purposes of this exploratory study 
these will be referred to as SMEs) have an important 
role to play in the continuing success and growth of 
national economies. Studies have suggested that 
the contribution of SMEs in realising the demands 
and improving the profitability of their supply chain 
partners (including large organizations) should not 
be understated, as such play a critical role in modern 
economies.

A study conducted for the British government’s 
Department of Business Innovation and Skills reported 
that in 2015 99.9% of the total number of enterprises in 
the UK could be classified as SMEs. These companies 
contributed more than 2/3rds of private sector 
workforce as well as 47% of the annual turnover in the 
UK.

According to an extensive study of companies 
conducted by The Data Warehousing Institute (TDWI) 
in 2009, 38% of organizations surveyed reported that 
they utilise advanced analytics, whereas 85% said 
they would be practicing it within three years. In the 
study the respondents were spread evenly across a 
wide spectrum of company sizes. However, only 23% 
of respondents were from companies whose revenue 
was less than $100million, within the EU this is above 
the turnover threshold for a medium enterprise. 
Additionally, only 4% of respondents to this study were 
from non-computer manufacturing companies. As such 
this and other industry studies may not accurately 
reflect the opinions of manufacturing SMEs.

This feasibility study specifically focuses upon SMEs 
in the UK and their potential motivations for using and 
knowledge of big data based customer analytics. The 
overall objectives of the study are to:

- Find out what SMEs are doing with regards to their 
product and customer data

- Examine if they can potentially make use of big data 
analytics

- Develop a demonstration system for big data driven 
customer analytics
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Contribution to Re-distributed Manufacturing  
This feasibility study took a snapshot of how SME 
engage with their customers, the data they have 
available to them, how they use it and what benefits 
they feel they can obtain from big data analytics. 
The following sections examine different elements 
of a company’s interaction with its data and RdM.  
The outcomes are examined from both a general 
perspective and from the perspective of the companies 
and the use of big data analytics.

What did the study reveal about what companies are 
doing with regards to their product and customer data?  
The study showed that although companies are 
storing data, not all companies are actively using 
customer data. The survey also showed that only a few 
companies are actively using Customer Relationship 
Management (CRM) systems, which could provide 
answers to some of the queries they have, without the 
need to resort to big data.

What did the study reveal about SME’s and the position 
are they in to potentially make use of big data analytics? 
Most respondents had not heard of big data analytics; 
of those who did there were some ideas regarding what 
they hope to achieve. However, as mentioned above, 
a small proportion of companies actively used some 
form of CRM which may provide some of the insights 
they wish to obtain. The small number of respondents 
who plan to get involved in RdM is a concern, as it 
suggests that there is a lack of awareness of what 
it is and how SMEs stand to benefit. Discussions 
with companies revealed that “little data” might be a 
more appropriate term for the application of big data 
analysis techniques to SME data. Importantly, big data 
is context sensitive, in that an SME that, for example, 
uses computational modelling and CAD tools will have 
considerably more data than one that doesn’t – yet 
relatively speaking they both have big amounts of 
data. Cost is a concern; SMEs are not always in the 
position to be able to spend large amounts of money 
on big data tools and even if they did they would not 
necessarily have the human resources to configure, run 
and maintain such a system; as such even large SMEs 
struggle with “little data”, let alone with big data.
The results of this exploratory study suggest that 
although there may be some demand for big data 
analysis it is possible that the current solutions may 
not be viable for SMEs and that SMEs appear to be 
ill-prepared and ill-equipped to make the most of what 
big data analytics can offer them.
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The demonstration system needed to be able to 
provide, in a user-friendly manner, the capability for 
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to various features of the product. Useful information 
that can be gleaned includes, but is not limited to, 
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specifically chosen for comment by customers 
and their related sentiment, the ability to compare 
categories for a given polarity to see the distribution 
of sentiment, the distribution of sentiment for any 
given category and the comparison of these charts for 
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show the potential for geographical maps if the data is 
available, highlighting the countries with the most liked 
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select any section of the charts and read the filtered 
reviews that are specifically relevant. This allows the 
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to better improve products or services by detecting 
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Because of its wide scale acceptance, the Amazon 
website was chosen for the purposes of this 
demonstrator. However, such a system could be 
adapted to other websites for sentiment analysis of 
text data. There are several components of the system 
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3) data visualisation; 4) graphical user interface.  
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large database of user reviews.

Figure 2 System overview
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Figure 3 Screenshot of the software platform showing polarity of reviews
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Impact and future research 
This feasibility study has investigated the use of big 
data tools in product design and improvement from 
the perspective of SMEs. It has shown that although 
SMEs have product and customer data and that they 
are aware of big data, they don’t know where to begin.  
They feel that the term big data is overwhelming and 
doesn’t reflect the reality of SMEs, that “little data” 
might be a more appropriate term for SMEs, and that 
what is considered a large volume of data will vary 
from sector to sector. Therefore, in one sector 500Gb 
could be considered a very large volume of data, while 
in another only data above 10Tb could be considered 
very large.

SMEs are particularly concerned about choosing the 
wrong tools and techniques for analysing data because 
they do not have sufficient knowledge and do not 
necessarily have the time to invest in investigating 
different solutions. There is also the fear of selecting 
a solution that end up not being adopted as industry 
standard, such that they run the risk of substantial 
expenditure to change systems. Nevertheless, where 
presented with the prototype system they were very 
positive about the concept and could begin to see how 
big data could be of use for them.  

Overall, the idea of big data analytics for gaining 
customer insights was well received, but SMEs will 
need both guidance and the suitable tools before they 
will be able to make the most of it. This will require 
more detailed study of their needs and capabilities as 
well as the design of an appropriate cloud-based big 
data system.
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Chapter 1

Introduction

Since the term ‘digital disruption’ was coined, much 
has been written about the potential for 
manufacturing to be transformed through the use of 
digital technologies. But the discussion too often 
remains abstract, with the industry still preoccupied 
with the Internet of Things and the huge task of 
connecting machines and making sense of the ever-
increasing volumes of big data they generate. 

Yet the opportunity for radical innovation is there for 
the taking, and the perfect storm of rapidly shifting 
consumer habits, growing supply chain risks and 
dwindling natural resources only increases the 
urgency for manufacturing to deliver, before a new 
player does. 
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Juggling sourcing headaches, supply chain reliability issues, competition on a 
global scale, booming mass customisation and a consumer switch to a 
subscription consumption model, manufacturers today have a lot to contend 
with… And seriously big data to process.

Big data is already facilitating transformational change across sectors, and holds 
enormous potential to address many of the challenges manufacturers face. Big 
data and digital technologies combined offer genuine opportunities to re-think the 
industry by changing the economics and organisation, particularly of location and 
scale. But the really big question is ‘how’?

Moving beyond the theoretical to the practical, the ‘Shoe Lab’ project undertaken 
by Cisco, Cranfield Univesity and The Clearing explored in detail a specific real-
world application combining big data and digital technology to drive a new, 
circular model for production. By exploring the widely popular category of sports 
shoes as a proof of concept, the results of the collaboration illustrate how re-
distributed manufacturing can drive circular innovation to solve existing and 
imminent business problems. 

The findings outline how new models could shift long-established industry 
dynamics, an example of radical innovation in practice.

SHOE LAB PROJECT

1. Collaboration between Cisco, Cranfield 
University and brand consultancy The 
Clearing.

2. Builds on research carried out by RECODE-
NETWORK identifying and evaluating the 
opportunities a re-distributed production 
model offers to disrupt traditional industry 
models when combined with big data.

3. Result is clear recommendations for 
manufacturers to realise potential of RdM to 
meet changing consumer needs AND help 
curtail today’s disposable culture.

Introduction

2



183

Juggling sourcing headaches, supply chain reliability issues, competition on a 
global scale, booming mass customisation and a consumer switch to a 
subscription consumption model, manufacturers today have a lot to contend 
with… And seriously big data to process.

Big data is already facilitating transformational change across sectors, and holds 
enormous potential to address many of the challenges manufacturers face. Big 
data and digital technologies combined offer genuine opportunities to re-think the 
industry by changing the economics and organisation, particularly of location and 
scale. But the really big question is ‘how’?

Moving beyond the theoretical to the practical, the ‘Shoe Lab’ project undertaken 
by Cisco, Cranfield Univesity and The Clearing explored in detail a specific real-
world application combining big data and digital technology to drive a new, 
circular model for production. By exploring the widely popular category of sports 
shoes as a proof of concept, the results of the collaboration illustrate how re-
distributed manufacturing can drive circular innovation to solve existing and 
imminent business problems. 

The findings outline how new models could shift long-established industry 
dynamics, an example of radical innovation in practice.

SHOE LAB PROJECT

1. Collaboration between Cisco, Cranfield 
University and brand consultancy The 
Clearing.

2. Builds on research carried out by RECODE-
NETWORK identifying and evaluating the 
opportunities a re-distributed production 
model offers to disrupt traditional industry 
models when combined with big data.

3. Result is clear recommendations for 
manufacturers to realise potential of RdM to 
meet changing consumer needs AND help 
curtail today’s disposable culture.

Introduction

2

Juggling sourcing headaches, supply chain reliability issues, competition on a 
global scale, booming mass customisation and a consumer switch to a 
subscription consumption model, manufacturers today have a lot to contend 
with… And seriously big data to process.

Big data is already facilitating transformational change across sectors, and holds 
enormous potential to address many of the challenges manufacturers face. Big 
data and digital technologies combined offer genuine opportunities to re-think the 
industry by changing the economics and organisation, particularly of location and 
scale. But the really big question is ‘how’?

Moving beyond the theoretical to the practical, the ‘Shoe Lab’ project undertaken 
by Cisco, Cranfield Univesity and The Clearing explored in detail a specific real-
world application combining big data and digital technology to drive a new, 
circular model for production. By exploring the widely popular category of sports 
shoes as a proof of concept, the results of the collaboration illustrate how re-
distributed manufacturing can drive circular innovation to solve existing and 
imminent business problems. 

The findings outline how new models could shift long-established industry 
dynamics, an example of radical innovation in practice.

SHOE LAB PROJECT

1. Collaboration between Cisco, Cranfield 
University and brand consultancy The 
Clearing.

2. Builds on research carried out by RECODE-
NETWORK identifying and evaluating the 
opportunities a re-distributed production 
model offers to disrupt traditional industry 
models when combined with big data.

3. Result is clear recommendations for 
manufacturers to realise potential of RdM to 
meet changing consumer needs AND help 
curtail today’s disposable culture.

Introduction

2



www.recode-network.com 184

Chapter 2

Changing 
Landscape

By 2030, the UK population is expected to reach 
70million people. This will see 90% of us living in 
increasingly cramped cities, helping to drive far-
reaching changes to consumer habits.

But it’s not just changing consumer habits that 
industry needs to keep pace with. We look at the 
economic and technology changes that, when 
combined, have the potential to change the 
relationship between consumers, brands and links 
in the value chain beyond recognition.
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Space at a premium

We will soon be a nation of over 70 million people – an increase 
of 11% from 2011- making space the new luxury (source: 
Eurostat).

For industry, this means less space to sell and store products, 
and brands having to work much harder to earn a place on the 
shelves and in our homes. It will spell an end to volume 
promotions and smaller, slimmer (or no) packaging. Logistics will 
likely become even more of a headache.

Authenticity 

In an evermore crowded Britain, authenticity will become the new 
exclusivity, meaning: 

• The “chain” branded experience as we know it will be dead.

• Customers will expect retail environments to be built out of 
local materials to reflect local tastes and customs. 

• Consumers will continue today’s emerging trend of seeking 
experiences rather than ‘stuff’ they have little space to store.

For industry, that means finding ways of offering more and more 
personalisation and a subscription ‘relationship’ model rather 
than purchasing model. 

Dwindling resources

By 2050, demand for resources will outstrip supply: 

• Global water demand up 40% (driven by the manufacturing 
and energy sectors).

• 50% of the world’s population will live in areas of water stress 
as a result.

• Demand for food will rise 56%, leading to higher prices 
worldwide.

(Source: Roland Berger)

This will impact on industry beyond cost increases. Consumers 
will expect action. Regulators will mandate action. 

Changing Landscape

4
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Technology everywhere

Since the first generation iPhone was released on June 29, 2007, 
technology has become more and more embedded in 
consumers’ day to day lives. Most of us could not live without our 
smartphone and tablet - there is an app for almost everything 
now - and we are already seeing wearable technology start to 
become a fixture. 

Smartphones have fundamentally changed how we interact with 
the world – nearly a third of us do not even use them to make 
traditional voice calls (source: Deloitte). In summary, the wheels 
are in motion for the consumer goods industries to change 
significantly in the near future to keep pace with changes in 
society and the macro-economy. The challenge is how we adapt.

Data as currency

Data will increasingly be a currency exchanged between 
businesses and individuals, and products will become smart by 
default, meaning every aspect of our lives can be managed, 
monitored and monetised in new ways. This requires a different 
mindset by industry as we move away from value chains to value 
networks.

5

The future may see service industries, such as life assurance providers, 
tracking customers’ activity levels  through branded smart products, 
and offering rewards.
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Chapter 3

RdM & 
Circular 
Innovation
Re-distributed manufacturing (RdM) is the term used 
to describe the transformational shift from centralised 
to decentralised (usually smaller-scale) 
manufacturing, powered by digital technologies. At 
its core is a production system that can rapidly and 
flexibly deliver partly or fully customised products on-
demand. 

The circular economy is the term used to describe 
sustainable production – a direct contrast to the 
linear or 'take, make, dispose' economy we are 
familiar with today. Circular innovation involves 
designing sustainability in and waste out of the value 
chain, for example by incorporating modularity, re-
use and repair into the product lifecycle, or diverting 
waste streams as inputs into other supply chains.
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What is RdM good for?

The flexibility and speed to market made possible by RdM 
means  it is a particularly good choice for manufacturers who are 
looking for ways to overcome the following production chal-
lenges: 

• Offering highly customised products, with personalisation from 
the design stage through to final finishing: RdM offers almost 
unlimited opportunities for personalisation in product design 
and assembly, from choosing the colour, finish or provenance 
of materials used right through to precision fitting to ensure an 
exact fit. Applications range from consumer goods through to 
surgical devices and specialist industrial products.

• Security (both intellectual property and of physical goods): 
where product design or production is extremely sensitive, due 
to the need to protect intellectual property or physical products 
from theft or contamination, RdM can deliver an individualised 
production process with customised and highly controlled work-
flows.

• Complex transportation and/or storage requirements: because 
RdM enables production at a micro-local level (for example via 

a mobile production unit), it has the potential to solve logistical 
issues where products need to be transported under specific 
conditions which are either difficult to guarantee (for example 
absolute maintenance of temperature), or are prohibitively ex-
pensive (for example requiring a security escort).

• Variable volumes: due to digital production techniques and on-
shore production location, RdM offers the ability to scale up or 
down in line with market conditions, while still maintaining      
acceptable margins.

RdM & Circular Innovation

7

RdM in Practice: Jaguar Land Rover 

Jaguar Land Rover 3D prints some 55,000 
parts a year, ranging from replica radiator 
grilles for validation models through to more 
fragile switchgear, key fobs and door-mirror 
casings for one-off concept cars.

(Source: Car Magazine, July 2016)
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Why are RdM and circular innovation important?

While producing products in bulk off-shore can deliver impressive 
economies of scale, there are significant supply chain costs and 
risks associated with centralising manufacturing in this way.    
Customers are demanding ever-greater degrees of flexibility and 
transparency when purchasing products. 

Ethical, especially environmental, considerations increasingly   
feature in the buying decisions of consumers and businesses 
alike, with regulators at country and global level ready to step in if 
self-regulation does not deliver change at a fast enough pace.

That is why manufacturers in industries ranging from life sciences 
to aerospace and consumer products are looking at ways of   
making their supply chains more predictive, more flexible and 
more resilient. Options for locating (or re-locating) production    
facilities closer to their customers and eliminating waste from the 
product lifecycle are rising up the agenda. 

In parallel, developments in digital technology, including micro-
technology, have opened up new possibilities to combine and 
commercialise RdM and circular innovation.

8
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Chapter 4

Shoe Lab 
Project

The ‘Shoe Lab’ proof of concept demonstrates the 
circular economy in action, using the booming 
category of sports shoes as an easily identifiable 
example. 

The project demonstrates how to translate 
innovation into practical business models and 
provides valuable learnings for consumer goods 
manufacturers and industry commentators on how 
the future might look.
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One of the booming segments of the UK footwear market is sports shoes, with 
athletic styling featuring consistently on the runways since the London Olympics in 
2012. The trend has seen high-end fashion designers enter the market, and 
consumers have a seemingly insatiable appetite for comfortable, fashionable 
footwear. 

Research by Verdict Retail in 2015 found that consumers of both genders not only 
want more choice, but greater options to customise to their preferences. The study 
reported a growing expectation by consumers that brands, both fashion and 
sports, should deliver both inspiration and performance through flagship stores 
and community engagement.

Yet brands cannot seemingly get running shoes to market fast enough to meet 
consumer demand, and a glance at the standard, centralised supply model for 
sports footwear explains why. 

The centralised model has clear advantages for cost control. But options for 
customisation are very limited, and it is often almost impossible to adapt to 
changing fashions once an order has been placed. Brands are also heavily 
dependent upon the supply chain and the model allows only for a one-way flow of 
materials and data.

CENTRALISED MANUFACTURE MODEL:  
SPORTS SHOES

1. Brands plan and design 3-6 months in 
advance of on-shelf date and contract 
supplier.

2. Mass off-shore production of full shoe design 
in standard sizes and limited colourways.

3. Shipped via sea/road to country of sale 
(possibly via near-shore finishing/packaging 
hub).

4. Distributed via road to warehouses and then 
to store/fulfilment to consumer and in reverse 
in case of returns.

5. Limited influence on after-life of shoes – only 
via retailer email or through targeted digital 
engagement with customer.

Shoe Lab Project

10
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The model defined by the ‘Shoe Lab’ project team, however, is quite 
different. At its core is a smart product with a modular design that maximises 
the engagement opportunities that lie at the heart of a successful 
subscription model, while minimising waste. RdM combined with a digital 
technology led consumer journey enables almost limitless customisation and 
a rich customer experience from beginning to end

This model undoubtedly introduces an additional data security burden, and is 
impossible to execute without right (digital) technology in place which 
requires vision and investment. 

However, it allows complete personalisation and flexibility of product offering 
and fulfilment as well as building the opportunity for brand and other parties 
to build deep relationships with customers. Waste and environmental impact 
are also minimised.

REDISTRIBUTED MANUFACTURE MODEL:  
SPORTS SHOES

1. Customers 3D scan their feet at home with an app and 
then use virtual reality technology to customise their 
design online based on hundreds of pre-defined options 
that suit their performance and aesthetic requirements, 
paying outright or as part of an ongoing subscription.

2. ‘Smart’ shoes are embedded with sensors that can track 
location, performance data and shoe condition, with 
customers selecting who and how this information is 
shared with.

3. Shoes are 3D printed to the customised design in the 
wearers specific size. Manufacture (and re-manufacture/
upgrade of components) takes place close to where the 
customer lives, possibly even in the back room of a retail 
store.

4. Delivered to customer’s desired location at preferred time 
(home/work/local ‘retail-tainment’ venue), with minimal 
chance of return.

5. Brand and/or other businesses forge data-driven, 
emotional relationships with users via the intelligent 
component, through new business models such as pay-
by-performance and subscription and take-back schemes.

12

Examples of circular (post-purchase) business models include:

• Brand monitors use of shoe/state of components and interacts with 
user via social media reminding them to wear/replace or informing of 
upgrade options and rewards for reviews.

• Health insurer monitors use, provides incentives for regular use.

• Style blogging subscription site prompts user to share images, invites 
user to a pop-up store or rewards for social media sharing.
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Chapter 5

Next steps

Are you wondering how your busines will be 
impacted by changes to consumer habits, the 
economy and technology?

We outline five steps to harnessing these changes 
and driving circular innovation to create new, 
profitable business models. 

Before somebody else does...



205

Chapter 5

Next steps

Are you wondering how your busines will be 
impacted by changes to consumer habits, the 
economy and technology?

We outline five steps to harnessing these changes 
and driving circular innovation to create new, 
profitable business models. 

Before somebody else does...



www.recode-network.com 206

1.! Focus on value 

It’s easy to identify your business with a fixed point on the value 
chain, but the future will be more dynamic, with both competition 
and collaboration coming from all sides. 

To meet consumer demand for highly customised products, you 
may need to collaborate on an ecommerce site with a retailer 
who would usually be your customer. At the same time, you may 
effectively set up in competition by working with a media outlet to 
offer products via a subscription model. 

Stop thinking in terms of fixed chains and processes and instead 
put customer value at the heart of dynamic networks that can de-
liver. When you work backwards from customer wants and needs 
and harness digital technology to deliver on that, virtually any 
model is possible.

2.! Become hyperaware 
To overhaul your business model, you need agile IT architectures 
and hyperaware analytics that connect your business and        
beyond. But that’s only effective if they are backed up with a    
willingness to move fast across the business from the top down. 

Without both of these, you will simply be unable respond to        
customers in real time, while ensuring quality and uptime.

3.! No features without benefits 

Design intelligence into your products to boost the opportunities 
for circular innovation, consumer interaction and downstream   
commercial application for businesses in other sectors. With 
adoption of digital technologies becoming increasingly         
prevalent, customers will come to expect increasing levels of   
sophistication from products, even if the core function has not 
changed. 

We already expect cars to tell us when they need servicing,   
printers to tell us when they run out of ink (or simply re-order it), 
and that is only the start. The industrial applications and          
business benefits are practically endless when we stop thinking 
about products in isolation and consider the service aspect of 
the product lifecycle.

Next Steps

14
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4.! Establish clear rules of engagement

The new model will likely see you dealing with new supply chain 
partners and/or existing ones on different terms. It’s imperative 
that you define and monetise roles and processes around          
introduction, referral, production and fulfilment and especially the 
ongoing customer engagement. This is easier than it sounds 
when multiple players are involved, many of whom view the     
consumer as their customer. 
 
You may need to rip up your standard contracts and look to other 
industries for guidance on how to make the new model             
commercially viable. It is imperative that the customer journey 
makes sense and that customers are not bombarded with        
competing ‘noise’. Allowing customers to nominate preferred              
communications channels (e.g. Twitter) and being up-front about 
how data is gathered and acted upon. 

5.! Build in security

The greater the level of customisation, the greater the volume of 
data which much be captured. With more collaboration comes 
more opportunities for data and intellectual property to be com-
promised. 

The bigger the data, the bigger the risk. Security must be built-in 
from the ground up and not as an afterthought or add-on.

15

The  new customer journey developed through the Shoe Lab 
project shows that RDM isn’t just about a new way to manu-
facture – it has the potential to bring manufacturers closer to 
their end customers and to revolutionise how people relate 
to manufactured goods.

The implications stretch far beyond running shoes. And this 
isn’t a future scenario. All the constituent parts are available 
now. It just takes someone with the vision to pull them to-
gether.  Shoe Lab illustrates the proof of concept for a very 
different model that is just around corner. 

So, how will your business be impacted?
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