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3 The Shift to Re-distributed Manufacture

Today’s manufacturing landscape is in 
a state of flux. The shift to offshoring and 
centralisation of manufacturing operations 
in countries such as China and India, has 
significantly decreased the manufacturing 
capacity of western countries. This 
offshoring highlights the importance of 
domestic manufacturing not only to a 
country’s economic performance but also its 
resilience to volatility in the global economy. 
Increasingly, centralisation of manufacture 
has started to become unattractive in many 
sectors due to increased transportation 
costs, supply chain risk, and regulatory 
requirements. Additionally, technology 
advancements are now allowing for new 
production practices and an alternative to 
these centralised systems. 

This has led to the development of a new 
concept of Re-distributed Manufacture 
(RdM), which looks to shift production 
away from a small number of central 
locations to a more distributed network. 
RdM takes advantage of a number of newly 
emerging technologies, such as, additive 
manufacturing and big data to provide 
numerous benefits over existing systems.

Introduction
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This literature review looks to identify potential research opportunities associated with
Re-distributed Manufacture (RdM). The review seeks to answer the following questions:

• What is Re-distributed Manufacture?

• What is the current manufacturing landscape and how has it evolved over time?

• What benefits will moving to Re-distributed Manufacturing systems provide?

• What challenges exist to the implementation of Re-distributed Manufacturing systems?

• In what areas have these technologies already been applied?

• What research opportunities exist for Re-distributed Manufacture?

• What technologies can be used to facilitate and support Re-distributed Manufacturing 
systems?

Objectives
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Part 1

The State of 
Manufacturing 
Today
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Re-distributed Manufacture (RdM) is a term used to describe the transformational shift 
from centralised to decentralised manufacture. There are many different descriptions and 
interpretations of the concept of RdM.

Examples of these include:

EPSRC-ESRC

UK 
Government 

Office

ESPRC funded 
Future 

Makerspaces

German 
Governments

1.1 Re-distributed 
Manufacture
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EPSRC-ESRC

For instance, in a recent EPSRC-ESRC 
Re-distributed Manufacturing workshop, 
RdM was described as “a term which 
aims to encapsulate the rapidly changing 
geographies, organisational structures, 
value chains and distribution networks 
associated with new advances in materials 
sciences, engineering, ‘smart’ and flexible 
machining and digital and enabling 
technologies” (Pearson et al., 2013,  p. 3). 

ESPRC funded Future Makerspaces 

Similarly, the EPSRC funded Future 
Makerspaces in Re-distributed 
Manufacture project led by the Royal 
College of Art described RdM as the 
“technology, systems and strategies that 
change the economics and organisations 
of manufacturing, particularly with regard 
to location and scale” (RCA, 2015, p.1).

Both of the above descriptions acknowledge 
that “these developments include a shift 
towards smaller-scale local manufacturing, 
caused by changes in transport and 
labour costs, the availability of materials 
and energy, the need for sustainability 
and access to information” (Pearson et al., 
2013 p. 3).

UK Government Office

In comparison, a recent UK Government 
Office for Science report on the future of 
manufacturing used “distributed production” 
to describe this transformation shift. The 
Office for Science defined distributed 
production as “a transformation in the 
nature of production itself” which will result 
in “factories of the future being more varied 
and distributed” (Foresight, 2013, p. 20). 
The Office for Science relates this shift to 
the trend of “onshoring or reshoring” which 
they expected to further increase in the 
future. Onshoring or reshoring involves “the 
repatriation of production from low cost 
locations; investment in onshore production 
to enhance capability; and sourcing of 
components from onshore, rather than from 
overseas” (Foresight, 2013, p. 25) which are 
making these geographic shifts in production 
attractive to corporations.

German Governments 

Another interpretation of Re-distributed 
Manufacture is the German Government’s 
“INDUSTRIE 4.0” which is part of Germany’s 
strategic vision for the future. The massive 
opportunity this predicted transformational 
shift provides is highlighted by the German 
Government including INDUSTRIE 4.0 as one 
of its ten future projects to focus on in their High 
Tech Strategy 2020 Action Plan. 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 logic” 
(Germany Trade & Invest, 2014, p. 5).

Although various definitions exist to describe 
the concept they all recognise the substantial 
benefits that a transformational shift from 
centralised to decentralised manufacture 
could provide to companies, governments, 
and societies.
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Steam engine

Historically the manufacturing landscape has been shaped by three major industrial 
revolutions shown in Figure 1 (Germany Trade & Invest, 2014, p. 5).

1) First Industrial Revolution: Introduced mechanical production facilities using the aid 
of water and steam power.

2) Second Industrial Revolution: Introduced mass production and the division of labour 
using the aid of electrical power.

3) Third Industrial Revolution: Introduced electronics and IT systems into the production 
process.

Figure 1 : Timeline describing three previous industrial revolutions.

1st Industrial Revolution

The first industrial revolution began in Britain 
and took place between the end of the 1760s 
and 1840s (McCraw, 1997). During this period 
production processes were greatly enhanced 
due to the introduction of new technologies such 
as the steam engine, mechanical looms, and the 
use of chemicals (Wilde, 2014). During this period 
the textile industry benefited the most as it took 
advantage of many of these new innovations 
resulting in significant increases in production. 
For the first time in history, it became common 
for business organisations to employ hundreds of 
people.

1.2 History of 
Manufacture
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2nd Industrial Revolution

The second industrial revolution began in 
the United States in the 1840’s (McCraw, 
1997). Innovations in transportation, 
communication and widespread 
availability of electricity laid the foundation 
of the second revolution. Mass production 
flourished due to the introduction of the 
assembly line and division of labour, which 
significantly increased the efficiency rate 
on the production floor. The brightest 
example of the second industrial revolution 
was the automotive industry, specifically 
the Ford Motor Company. Through a 
highly verticalised structure, the Ford 
Motor Company was able to control each 
phase of the supply chain from mining raw 
material to delivering the final product, 
achieving yield rates that were previously 
unimaginable.

3rd Industrial Revolution

The third industrial revolution started 
approximately in the 1950s (McCraw, 
1997) and saw the introduction of 
electronics, technology and IT applied to 
the production process. Inventions such as 
the commercial computer altered typing, 
publishing and spreadsheet modelling 
and laid the foundation for the Internet 
(Kelly, 2013). The internet provided a new 
medium for communication and allowed 
trade to become more international. 
Manufacturing processes were improved 
using computer-assisted controls with 
programming allowing for automation of 
systems.

Before the first industrial revolution all 
previous economic models were oriented 
to support local supply. Each revolution 
increased the amount of external trade. In 
the case of the first revolution, improvements 
in the manufacturing process allowed for 
the production of significantly more output 
which provided the opportunity for external 
trade. This particularly benefited Great 
Britain and generated significant wealth as 
colonies provided both the raw materials for 
production as well as markets for goods. 

Over time the ability to move production to 
different parts of the world to take advantage 
of lower commodity and transportation costs, 
in particular lower labour rates, encouraged 
manufacturers to shift production to lower 
cost countries. This began at the end of the 
second industrial revolution and expanded 
when the third revolution was able to use 
communications and computers to share 
information and coordinate management 
and production on a global basis (Freeman 
and Louca, 2001).
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The current global economic landscape 
driving these centralised manufacturing 
systems involves a multitude of 
challenges and heightened uncertainty. 
These challenges highlight a number 
of disadvantages that have pushed the 
system towards a state of flux. Climate 
change and population growth are 
placing pressures on the existing system 
resulting in increased risk exposure, in 
regard to supply chain disruption and 
increased resource prices (EEF, 2015, 
Ellen MacArthur Foundation, 2013B). 

In order to reduce carbon emissions, 
governments have created regulations to 
force companies to adapt the ways they 
operate (EEF, 2015). These pressures 
are causing various companies and 
governments to rethink manufacturing 
systems as they exist today.

Livesey and Thompson (2013) believe 
that “over the coming decade making 
products globally will become unattractive 
for many sectors, as new production 
technologies and rising costs and 
regulations fundamentally change the 
economics of production” (Livesey and 
Thompson, 2013, p. 5). Due to this, global 
production and large scale production may 
no longer represent the default approach 
with regionalisation and localisation 
increasingly viewed as viable economic 
models (Livesey and Thompson, 2013).

Analysis by the Boston Consulting Group 
predicts that the labour cost saving of 
manufacturing in China will soon decrease 
to a point where making products in China 
to be sold in the United States will bring only 
marginal cost savings (Sirkin el at., 2012). 

In particular, there are seven industries close 
to a tipping point at which it may be more 
economical to manufacture on regional and 
local scale (Ibid). These seven industries 
include transportation goods, computers and 
electronics, fabricated metals, machinery, 
plastics and rubber, appliances and 
electrical equipment, and furniture (Ibid). 

This represents not only a significant shift for 
individual companies, but also a potential 
shift in economic growth on a national level 
(Livesey and Thompson, 2013). If these 
seven industries shifted just 10 to 30 percent 
of goods produced in China to the United 
States it could result in an increase of “$20 
billion to $55 billion in output annually to the 
domestic economy” (Sirkin et al., 2012, p. 3). 
Early signs of this shift have already begun 
to emerge “with leading companies such 
as General Electric and Apple restarting 
production in the United States” (Livesey 
and Thompson, 2013, p. 5). 

1.3 Current Landscape
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This shift in manufacturing is expected to 
continue in the medium and long term. Figure 
2 outlines that the future mass production of 
goods in central locations, which are then 
shipped and sold throughout the globe, will 
no longer be available due to increased 
costs and emissions regulations. Only a 
small number of highly complex products will 
take a global production approach. This will 
result in production being focused in regions 
where products are used and consumed 
resulting in smaller scale manufacturing 
and reduced volume of exports and imports 
(Livesey and Thompson, 2013). However it 
is possible some subassemblies could still 
be produced at distance with assembly and 
customisation locally.

These shifts in manufacturing are being 
driven by technological advancements in 
several areas. In particular, the areas of 
additive manufacturing and advancements 
in IT technology are allowing for fundamental 
changes to the existing manufacturing 
systems. Due to these technologies and 
the massive potential they have to reshape 
our current manufacturing landscape many 
people believe we are entering a fourth 
period of industrial revolution - Industry 4.0.

Figure 2 : Long-run options for scale and scope of manufacturing (Livesey, 2012)
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Part 2

Future 
Vision of 
Manufacturing 
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Big Data Cloud Computing

Cyber-Physical Systems

Internet of Things Additive 
Manufacturing

Technological advances are radically 
transforming industrial systems and 
blurring the lines of industrial boundaries 
(Porter and Heppelmann, 2014). 
“Networked and digital systems, increased 
automation and cloud computing” (EEF, 
2015, p. 5) have already transformed 
industrial systems. Additionally, the 
introduction of smart, connected devices, 
known as the ‘Internet of Things’ along with 
Big Data provide enormous possibilities 
(EEF, 2015).

The fourth industrial revolution will look to 
integrate the Internet of Things and Big Data 
into the production process resulting in a 
shift towards decentralised, autonomous 
production. This transformation will occur 
through “the technological evolution from 
embedded systems to cyber-physical 
systems” (Germany Trade & Invest, 2014, 
p. 6). 

Cyber-physical systems connect the 
physical world with the virtual world by 
creating a network of intelligent objects 
(Germany Trade & Invest, 2014). These 
cyber-physcial systems allow for the creation 
of smart factories, which in turn enable smart 
production. In smart factories machines, 
systems and networks are capable of 
exchanging and responding to information, 
thereby autonomously managing the 
production process. These technologies will 
allow for improved resource optimisation and 
systems efficiencies across many sectors. 
This vision promises manufacturing systems 
of the future that are more effective and 
reliable, while reducing demand on scarce 
resources.

The fourth industrial revolution promises 
to create a wide range of business 
opportunities, while addressing some of 
the most fundamental challenges faced by 
society today. As a result, many countries 
are introducing strategies to position their 
manufacturing sectors for this upcoming 
transformation. Examples of this include 
Germany’s INDUSTRIE 4.0 strategy for 2020 
and the UK’s Project Forecast strategy for 
2050 (EEF, 2015). Germany believes their 
INDUSTRIE 4.0 strategy will preserve the 
country’s role as “as one of the world’s most 
competitive and innovative manufacturing 
industry sectors; and the country’s 
technological leadership in industrial 
production research and development” 
(Germany Trade & Invest, 2014, p. 4).

2.1 Industry 4.0
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The benefits of RdM can be best understood by examining its impact on the triple bottom 
line; considering economic, environmental, and social factors. Taking advantage of the 
emergence of new technologies and changes to the global manufacturing landscape, RdM 
has the potential to provide dramatic improvements on both corporate and national levels.

Economic

Moving to RdM systems is predicted 
to provide numerous benefits over 
conventional manufacturing systems. 
These include improved production 
flexibility, quality, supply chain 
management, and system resilience. In 
addition, it also provides opportunity for 
both corporations and nations.

 

Production Flexibility and Quality

“Industry 4.0 will make it possible to gather 
and analyse data across machines, enabling 
faster, more flexible, and more efficient 
processes to produce higher-quality goods at 
reduced costs” (Rüßmann et al., 2015, p. 4) 
The introduction of smart factories will provide 
increased capability for real time automation 
and self-learning, optimisation, and quality 
control (Germany Trade & Invest, 2014). This 
will radically optimise the production process 
through the creation of a “a global network 
of adaptive and self-organising production 
units belonging to more than one operator” 
(Germany Trade & Invest, 2014, p. 9).

Additionally, RdM would allow for the co-
location and integration of R&D and production.

2.2 Benefits
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Flexibility in the supply chain will allow 
companies to mitigate risks and diminish costs 
in the event of a disruption to the production 
process (de Treville and Trigeorgis, 2010). In 
the current model of centralised production 
disruption or changes in the manufacturing 
process can cause delays and lost profit. 
Moving to a RdM model manufacturers 
would likely incur high expense upfront, but 
this would be offset by increased flexibility 
and greater control in the longer term. 

Opportunities of Customisation

New production technologies such as 
additive manufacturing are allowing for on 
demand production of mass personalisation 
and customisation (Foresight, 2013). 
The demand for mass customisation and 
personalisation is predicted to significantly 
increase in the future (Livesey and 
Thompson, 2013). Many companies could 
benefit from this trend as “research suggests 
consumers in developed countries would be 
prepared to pay a premium of up to 10% for 
individualised goods” (Foresight, 2013, p. 
20).

Opportunities for Western Countries

Developing a RdM system will “increase 
manufacturing productivity, shift economics, 
foster industrial growth, and modify the profile 
of the workforce-ultimately changing the 
competitiveness of companies and regions” 
(Rüßmann et al., 2015, p. 4). As a result 
RdM will lead to an increase in domestic 
production and a decrease in global trade 
(Livesey and Thompson, 2013). This will 
help to balance the economies of countries. 
which are heavily dependent on imports. For 
instance, localisation of production could 
reduce the UK’s trade deficit by a third (Ibid).

This is hugely beneficial for process-driven 
innovation, such as the manufacture of 
biotech drugs and nano-materials, where 
there is significant risk in separating 
the design and manufacturing process 
(Foresight, 2013). Working closely together 
on regional or local scales production 
quality can be more closely controlled and 
enhanced (EEF webpage, 2015).

Improves System Resilience and Supply 
Chain Management

The Boston Consulting Group has found 
that higher wages in Asia, increased 
transportation costs, and new production 
technologies are shrinking the cost 
advantages of outsourcing manufacturing 
(Sirkin et al., 2012). “The introduction of the 
smart factory provides significant resource, 
quality, and cost advantages” (Germany 
Trade & Invest, 2014, p. 9). Using cyber-
physical systems to aid in the production 
process improves production efficiency 
and makes manufacturing on regional and 
local scales economically advantageous in 
the medium and long term (Germany Trade 
& Invest, 2014, Livesey and Thompson, 
2013).

In addition, increased risk as result of climate 
change, currency fluctuation, and security 
threats are causing companies to explore 
alternatives to production processes that 
are reliant on global supply chains. The  
number of annual natural catastrophes 
registered globally has drastically increase 
from an average of less than 40 per year 
in the 1970 to an average of over 140 per 
year today (UNIDO, 2015). Furthermore, a 
2011 risk report by the the World Economic 
Forum found that of 25 most costly insured 
catastrophes in the past 40 years, two-thirds 
have occurred since 2001 (Artemis, 2011).
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Social

A shift to RdM can also bring social benefits. 
The German government believes that a 
shift to cyber-physical systems in the future 
“will make contributions to human security, 
efficiency, comfort and health in ways 
not previously imaginable. In doing so, 
they will play a central part in addressing 
the fundamental challenges posed by 
demographic change, scarcity of natural 
resources, sustainable mobility, and energy 
change” (Germany Trade & Invest, 2014, 
p.7). 

New decentralised factories and businesses 
can be anticipated to have stronger 
relationships with their communities and 
surrounding environment and as a result 
manufacturers may be more conscious 
about their impact on both the environment 
and society. A shift to more regional or local 
locations will provide a more tangible and 
symbiotic relationship between companies 
and the communities in which they operate. 
Through the use of increased flexibility in 
the production process businesses will be 
better able to meet consumer demand on a 
smaller scale allowing for a faster response 
to changes in regional or local needs.

RdM also provides an opportunity for 
manufacturers to take advantage of legacy 
assets of established industrial regions 
(Foresight, 2013). Examples of these include 
specialised engineering skills, existing 
networks, technical skills, and market 
knowledge (Foresight, 2013).

Collaborative consumption programs can 
also be supported by RdM. Technological 
advances such as mobile devices and 
internet of things facilitate new business 
models for manufactures that can focused 
on the sharing of assets (Foresight, 2013).

Environmental

Although RdM is not primarily driven by 
a need to address sustainability issues it 
could significantly reduce the environmental 
impact and carbon emissions of 
manufacturing systems. The introduction of 
smart, connected objects is predicted to act 
as a driver of change and provide a potential 
reduction of resources and promotion of 
circular systems.

Additive manufacturing techniques allow 
for production of complex and customised 
goods while “significantly reducing waste 
and overproduction” (EEF, 2015, p. 19) 
Manufacturing in regional and local locations 
at lower volumes reduces the resources 
required for packaging and transportation 
(Livesey and Thompson, 2013). In the future 
a RdM system could look to promote the 
development of renewable energy sources 
on a national scale used in the manufacturing 
process. The combination of renewable 
energy and RdM is more practical than 
the conventional centralised manufacture 
systems as energy generation can be more 
distributed and used closer to the source 
reducing transmission loss.

Shifting manufacture to regional and local 
locations means RdM has the ability to 
help facilitate a circular economy. Moving 
manufacturing to decentralised location 
closer to consumers increases the potential 
for manufacturers to internalise material 
flow by increasing opportunities for 
remanufacture and recycling. Innovations 
regarding the application of circular systems 
have the potential to provide an opportunity 
for growth and address societal challenges, 
such as climate change (Livesey and 
Thompson, 2013).
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Although RdM does promise significant 
benefits, it presents some challenges that 
will need to be overcome. Examples of 
current challenges are uncertainty regarding 
government policy and regulation, and 
availability of skilled workers and access to 
capital. 

The direction and strategy of government 
policy is still uncertain when it comes to 
RdM (Livesey and Thompson, 2013). “In 
the public sector, policy frameworks that 
affect the manufacturing sector directly and 
indirectly will need to recognise the extended 
nature of value creation and the new ways it 
is being developed. Public planning cycles 
should match the timescales of firms’ own 
long term planning requirements” (Foresight, 
2013, p.6). 

Access to skilled work forces will be critical 
for the adoption of RdM. Therefore it is 
important government policies focus on 
creating education programs to generate the 
required supply of skilled workers (Foresight, 
2013). 

Availability of risk capital is also critical 
to support RdM. There is currently a large 
“funding gap between research and early 
development and the funding for proof of 
concept that is usually required before the 
market steps in” (Foresight, 2013, p. 6). For 
RdM to succeed investment must be made 
now to gain its benefits over the medium and 
long-term (Foresight, 2013).

?
2.3 Challenges
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Internet of Things

Additive 
ManufacturingAdvanced & Autonomous 

Robotics

Mobile Computing

Big Data

Cyber-Physical
 

Systems

Cloud Computing

Several technologies have emerged to facilitate the transition and support of RdM. 
These include automation and robotics, Big Data, the Internet of Things, additive 
manufacturing, cloud computing, and the mobile internet (Foresight, 2013). In particular, 
additive manufacture and big data provide the largest potential as tools to facilitate and 
support RdM system.

2.4 Supporting 
Technologies
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Supply Chain Management

In the future AM will have a massive effect 
on supply chain management, decisions 
regarding manufacturing scale and location, 
customisation and the environmental 
impact of manufacturing systems. AM has 
the potential to significantly reduce the 
number of stages required in the supply 
chain management process. Using additive 
manufacturing techniques can significantly 
speed up production resulting in reduced 
lead times (Huang et al., 2012). For instance, 
Siemens believes by switching to additive 
manufacture they can significantly reduce 
the manufacturing time required to produce 
their gas turbines (The Economist, 2014). 
As a result of switching to AM, Siemens 
anticipates reducing the order to delivery 
time from forty-four to four weeks. 

Furthermore, as adoption of 3D printers 
moves into the mainstream, consumers will 
have the capability to print products directly. 
Items that do not require specialised material 
or manufacturing techniques can be made 
available through a 3D CAD file and printed 
at home or at a local 3D printing factory 
(Kaltenbrunner, 2014).

Additive manufacturing

Additive manufacturing (AM) is a new 
manufacturing process consisting of 
laying down successive layers of material 
to produce a three dimensional object. This 
new technique is substantially different 
from previous subtractive methods which 
focus on material removal. Subtractive 
methods used in industry today include 
milling, drilling, and grinding.

3D printing is the most widely known 
form of AM and refers to the process of 
depositing material on a powdered bed 
with inkjet printer heads using information 
from a digital CAD file. Originally the 
technology was used to create rapid 
prototypes for designers and engineers 
(LaMonica, 2013). However, 3D printing 
technology has evolved to the point it is now 
being used to produce highly specialised 
objects, such as medical implants 
(LaMonica, 2013). In February 2015, 
Australian researchers demonstrated the 
significant potential by creating the first 
3D printed jet engine (Milman, 2015).

AM is ushering in a new era of possibilities 
(D’Aveni, 2013) that have the potential to 
disrupt the current global supply chain 
system and provide a tool to facilitate RdM. 
Many companies are already embracing 
this new technology with the global market 
for 3D printers expected to reach US$16.2 
billion (around UK£10.3 billion) in 2018. 
(Canalys, 2014; Kaltenbrunner, 2014). 
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AM also has the potential to allow for recycled 
material to be used in the production process 
of new goods. In the future unwanted or 
damaged goods will be recycled and used 
as material input for additive manufacture 
(Kaltenbrunner, 2014). This type of system 
could be used to facilitate a circular economy 
model, in which material is cycled through 
the system on a repeated basis.

Although AM has clear advantages in terms 
of environmental impact, the process does 
consume significant amounts of energy. 
(Huang et al., 2012; Kurman and Lipson, 
2013). It is therefore important to consider this 
energy consumption with other advantages 
when trying to understand the overall impact 
on the environment.

Decisions Regarding Scale and Location

AM allows goods to be produced locally 
and on a smaller scale. Manufacturing 
locally in small production runs removes the 
efficiency and economies of scale provided 
by centralised manufacturing which may 
result in an increased per-unit production 
cost. However, this will be balanced by the 
elimination of shipping and inventory costs.

Customisation

AM provides companies with the ability 
to customise products to consumer 
needs and to deliver goods in tighter 
timescales. Manipulation of CAD files for 
customisation and personalisation can be 
conducted extremely quickly and efficiently. 
Customisation is already occurring in the 
clothing and footwear market in which 
consumers can walk into a store and get 
personalised goods the very same day 
(Kaltenbrunner, 2014).
 

Environmental Impact

The net effect from the introduction of 
additive manufacture will be the reduction 
in the amount of resources associated with 
production, packaging, and transportation 
(Canalys, 2014). Using additive manufacturing 
significantly reduces the resources required 
for shipping and packaging, resulting in a 
reduced environmental impact. For instance, 
GE is preparing to switch to an additive 
manufacturing technique for production of 
a fuel nozzle for its new aircraft design. GE 
chose this process because it will require less 
material than conventional techniques and 
also yield significant fuel saving for airlines 
as the process allows for the production of a 
lighter fuel nozzle (LaMonica, 2013).
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Data formats are broken down into two 
categories: structured and unstructured. 
Structured data is collected in traditional 
formats that can be easily labelled, tagged, 
and stored in a database. Unstructured data 
represents the vast majority of data collected 
today and is much more difficult to organise 
because it is typically generated from rapidly 
changing feeds from sources like social 
media, video, and more. CISCO reports that 
in 2010 alone, the top social networking sites 
generated approximately 14,500 terabytes 
of unstructured data (CISCO, 2012). 

This volume of data provides massive 
opportunities for the generation of new 
insights but also requires skilled data 
scientists to generate insights and supporting 
infrastructure that allows for fast reliable data 
collection and transmission.

Big Data 

Big data refers to “data sets which are 
large in volume as well as high-velocity, 
given the speed of data coming in or out, 
and which encompass many different data 
types and varieties” (Economist Intelligence 
Unit, 2013, p. 2). Big data can be used 
to generate knowledge and insights, 
providing companies an advantage over its 
competitors.

To have a better understanding of big data 
it is important to understand the three ‘V’s’; 
volume, velocity, and variety.

Volume refers to the quantity of data being 
collected and analysed. Big data looks 
to analyse massive quantities of data to 
generate trends. Today we provide as much 
data in 48 hours as we had previously been 
produced from the dawn of civilisation to 
2003 (4sythcomm, 2012). This volume is 
expected to dramatically increase in the 
near future with IDC predicting the digital 
universe will grow to 35 trillion gigabytes by 
2020 (4sythcomm, 2012).

Velocity refers to the speed that data is 
produced and transmitted. For instance, 
approximately 400 million tweets are 
sent a day and approximately 30 billion 
pieces of content are shared on Facebook 
each month (IBM, 2015).  Accessing and 
analysing data in near real time allows 
system optimisation to be carried out on 
unprecedented levels.  

Variety describes different formats of data. 
Examples include messages, updates, 
and images from social networks, payment 
transactions, GPS and cell phone signals 
(McAfee and Brynjolfsson, 2012).
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Similarly to additive manufacturing, big 
data and the Internet of Everything has 
the potential to disrupt the centralised 
manufacturing systems existing today. 
The information generated through these 
technologies has the ability to change how 
we understand consumer behavior and the 
flows of material and capital. 

Companies will be able to use big data and 
analytics to make substantial improvements 
in how they respond to customer needs 
(Manyika et al., 2012). Consumers 
generate massive amounts of data, through 
devices, social networks and purchasing 
habits. This data can be used to increase 
revenues and product value to the customer 
(entrepreneurial-insights.com, 2015). 

The Internet of Things

“The Internet of Things (IoT) is the network 
of physical objects that contain embedded 
technology to communicate and sense 
or interact with their internal states or the 
external environment” (Garnter, 2013). 
The high number of devices connected 
to the internet is generating previously 
unimaginable quantities of data. Cisco 
predicts that by 2020 fifty billion devices will 
be connected to the internet (Evans, 2012). 
Through its work, Cisco has expanded the 
definition of IoT to include the Internet of 
Everything (IoE) (Evans, 2012).

IoE brings together four main components; 
people, process, data, and things (Evans, 
2012).

1) “People” represent the different ways 
that individuals connect to the internet, 
smartphones, laptops, new wearable 
devices and social networks. These 
connections will create a more detailed 
profile of each user, that companies could 
use to create bespoke products, tailored 
on the consumers’ needs.

2) “Data” represents the information 
gathered from various sources. In the 
IoT devices were influxing data over the 
Internet, where data was centrally analysed. 
In the IoE, thanks to new technologies and 
future possibilities, things will be more 
intelligent, being able to analyse on the 
spot what they are sensing and not just 
reporting raw data.

3) “Things” represent the number of 
devices connected to the internet, which 
in the IoE will exchange more data and be 
more contextually aware.

4) “Processes” relate people, things, and 
data together and allow the IoE to deliver 
value.
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Additionally, the data collected from sensors 
on their engines allows for the facilitation 
of other services, such as parts inventory 
management and flight efficiency reporting 
(Parmar et al., 2014). Using big data allows 
Rolls Royce to change their value proposition 
and provide a performance based business 
model (Ihrig and MacMillan, 2015). In 2009 
Rolls Royce reported 49% of its revenue is 
now generated through services aided by 
sensors and big data (Foresight, 2013).

Challenges

Big data and the IoT do have challenges 
to overcome. These include access to 
skilled workers, reorganisation of corporate 
processes so they are aligned with big data 
and analytics, resulting in restructuring of 
corporate culture and decision making to 
be data-centric (The Economist Intelligence 
Unit, 2013).

For example, ConAgra Foods, a major US 
food and beverage manufacturer uses big 
data to optimise their supply chain and 
production processes. ConAgra Foods 
gathers information on consumer, the digital 
retail environment and internal operations. 
Consumer sentiment is monitored by 
looking at what consumers are posting 
on social networks about ConAgra Foods 
products. Retail information is used to 
highlights sales patterns and trends in 
conjunction with other data sources, such 
as local weather forecasts. Finally, internal 
data is also monitored to form yield rates 
and production quality. (The Economist 
Intelligence Unit, 2013).

Big data and the IoE can be used to 
generate improvements in supply-chain 
management and optimisation of the 
production process. Using smart connected 
objects and big data, material flows can be 
tracked throughout the whole supply chain. 
Making products smart and trackable 
allows for a better understanding of the 
product lifecycle and usage. Eventually this 
could also be expanded to track the flow of 
capital throughout the supply chain.

Currently the application of big data used in 
the manufacture sector mostly focuses on 
the areas of high value manufacture, such as, 
Rolls-Royce’s engine health management 
application (Parmar et al., 2014). Using 
sensors and data management Rolls Royce 
can monitor airplane performance over 
time. This allows them to provide predictive 
maintenance but also improve designs for 
future production (Parmar et al., 2014). 
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80% of the 

materials 
currently required 

to produce 

consumer 
goods 

end up in

 landfill

Consumer 
goods 
now make up

 75% 
of municipal 

solid waste

Currently the UKs major focus for RdM is 
in the area of high value manufacture, in 
which cutting edge “technical knowledge 
and expertise” is applied “to the creation 
of products, production processes, and 
associated services” (Technology Strategy 
Board, 2015, p. 3). The Technology 
Strategy Board (2015) believes the UK’s 
focus on high value manufacture will 
provide high economic value and build 
sustainable growth. Furthermore the EEF 
(2015) has described, “high-end, high 
value manufacturing” (EEF, 2015, p. 11) as 
critical for British manufacturing to maintain 
a competitive edge against the emergence 
of new low-cost manufacturing in countries 
such as, Mexico, India, Nigeria, and Turkey.

However, with so much focus and 
strategy being created around high value 
manufacture, companies may be missing out 
on additional opportunities. The consumer 
goods industry for instance is one of the 
world’s largest sectors with a total material 
value of approximately 3.2 trillion USD (Ellen 
MacArthur Foundation, 2013). Currently, 
multi-national companies dominate the 
production of consumer goods through a 
production process that focuses on the use 
of centralised manufacturing and global 
supply chains.

(Ellen MacArthur Foundation, 2013)

(Ellen MacArthur Foundation, 2013)

2.5 Applications and 
Opportunities
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Big data has a deep roots in the FMCGs 
market due to the collection and analysis 
of consumer data. For example, Procter & 
Gamble had already gathered around 920,000 
gigabytes of data from their customers 
by 1998 (The Economist Intelligence Unit, 
2013, p. 3). Today, big data is used by a 
large number of FMCGs companies to gain 
a deep understanding of their customers. 
One example is Target’s predictive analytics 
department, which analyses a vast number 
of data all of Target’s customers and then 
works with the marketing department to cater 
advertising and develop custom advertising 
for each of its individual customers (Duhigg, 
2012).

However, there is still a limited focus on how 
big data can be used to optimise production 
and supply chain management. Analysing 
the vast quantities of data available means 
companies can better understand changes 
to customer demand on a more regional 
or local basis. Moving to a model of RdM 
companies can become more agile in their 
adoption of these changes over time.

When we combine with Big Data and 
new manufacturing techniques, RdM can 
provide a unique opportunity in the area of 
consumer goods that is often overlooked. 
Development in this area has large potential 
for the UK in areas of job creation, increased 
competitiveness, and retention of critical 
resources and could be a massive boost for 
the countries economy in the future.

Sales of consumer goods are predicted to 
rise from USD 12 trillion in 2010 to USD 30 
trillion by 2025 due to increased demand 
from emerging economies (Ellen MacArthur 
Foundation, 2013). This is predicted to 
require an unprecedented level of resource 
demand due to an exponential increase in 
use of materials, which could result in a 
dramatic rise in input cost and increased 
economic volatility. This ominous vision 
of the future is leading to calls for a total 
system redesign of the consumer goods 
industry (Ellen MacArthur Foundation, 
2013). The development of RdM in the UK 
to produce consumer goods could provide 
a massive opportunity for economic 
growth and creation of a sustainable UK 
manufacturing system. 

In particular, in the area of fast moving 
consumer goods (FMCGs) the role of 
RdM is often overlooked. FMCGs are 
characterised as goods that are frequently 
purchased and have high throughput 
volumes. These include a variety of items 
produced for industries, such as apparel, 
food and beverage, and beauty products 
(Ellen MacArthur Foundation, 2013). 
The development of new technologies 
and emerging customer trends, such as 
customisation, provide opportunities for 
RdM production models for FMCGs. Big 
data, in particular, has the potential to 
revolutionise the production of FMCGs. 
Today, the world generates 1.7 million 
billion bytes of data every minute (Kroes, 
2013) which is providing the exponential 
growth of available and potentially valuable 
data. Big data holds massive potential for 
addressing many of the key challenges 
being faced by the manufacturing industry 
and provides a technology to facilitate and 
support a total system redesign.
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Further information about this topic has 
been made available online at 
https://redistributed.wordpress.com/ 
to provide easy access and allow content 
to be easily shared.
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