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Turbulent and volatile markets are becoming the norm as life-cycles shorten and global
economic and competitive forces create additional uncertainty. The risk attached to
lengthy and slow-moving logistics ‘pipelines’ has become unsustainable, forcing
organisations to look again at how their supply chains are structured and managed. This
paper suggests that the key to survival in these changed conditions is through ‘agility’, in
particular by the creation of responsive supply chains. A distinction is drawn between the
philosophies of ‘leanness’ and ‘agility’ and the appropriate application of these ideas is
discussed.

The importance of time as a competitive weapon has been recognised for some time (1).
The ability to be able to meet the demands of customers for ever-shorter delivery times
and to ensure that supply can be synchronised to meet the peaks and troughs of demand is
clearly of critical importance in this era of ‘time-based competition (2).

To become more responsive to the needs of the market requires more than speed, it also
requires a high level of manoeuvrability that today has come to be termed agility.

What is Agility?

Agility is a business-wide capability that embraces organisational structures, information
systems, logistics processes and, in particular, mindsets. A key characteristic of an agile
organisation is flexibility. Indeed the origins of agility as a business concept lies in
flexible manufacturing systems (FMS). Initially it was thought that the route to
manufacturing flexibility was through automation to enable rapid change (i.e. reduced
set-up times) and thus a greater responsiveness to changes in product mix or volume.
Later this idea of manufacturing flexibility was extended into the wider business context
(3) and the concept of agility as an organisational orientation was born.

Agility should not be confused with ‘leanness’. Lean is about doing more with less. The
term is often used in connection with lean manufacturing (4) to imply a ‘zero inventory’,
just-in-time approach. Paradoxically, many companies that have adopted lean
manufacturing as a business practice are anything but agile in their supply chain. The car
industry in many ways illustrates this conundrum. The origins of lean manufacturing can
be traced to the Toyota Production System (TPS) (5), with its focus on the reduction and
elimination of waste.
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Whilst the lessons learned from the TPS principles have had a profound impact o
manufacturing practices in a wide range of industries around the world, it seems that the
tendency has been for the benefits of lean thinking to be restricted to the factory. Thus
we encounter the paradoxical situation where vehicle manufacture is extremely efficient
with throughput time in the factory typically down to twelve hours or less, yet inventory
of finished vehicles can be as high as two months of sales – and still the customer has to
wait for weeks or even months to get the car of their choice!

Whilst leanness may be an element of agility in certain circumstances, by itself it will not
enable the organisation to meet the precise needs of the customer more rapidly.
Webster’s Dictionary makes the distinction clearly when it defines lean as ‘containing
little fat’ whereas agile is defined as ‘nimble’.

There are certain conditions where a lean approach makes sense. In particular where
demand is predictable and the requirement for variety is low and volume is high. In fact
the very conditions in which Toyota developed the lean philosophy. The problems arise
when we attempt to implant that philosophy into situations where demand is less
predictable, the requirement for variety is high and consequently volume at the individual
stock keeping unit (SKU) level is low – a set of characteristics which is more typical of
the Western automobile industry. In other words it could be argued that many firms have
been misguided in their attempts to adopt a lean model in conditions to which is not
suited.

Figure 1 suggests that the three critical dimensions of Variety. Variability (or
predictability) and Volume determine which approach – agile or lean – make greatest
sense.

Figure 1 : Agile or Lean?
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Agility might therefore be defined as the ability of an organisation to respond rapidly to
changes in demand both in terms of volume and variety. The market conditions in which
many companies find themselves are characterised by volatile and unpredictable demand.
Hence the increased urgency of the search for agility.

The routes to agility

To be truly agile a supply chain must possess a number of distinguishing characteristics
as Figure 2 suggests. Firstly, the agile supply chain is market sensitive. By market
sensitive is meant that the supply chain is capable of reading and responding to real
demand. Most organisations are forecast-driven rather than demand-driven. In other
words because they have little direct feed-forward from the marketplace by way of data
on actual customer requirements they are forced to make forecasts based upon past sales
or shipments and convert these forecasts into inventory. The breakthroughs of the last
decade in the form of Efficient Consumer Response (ECR) and the use of information
technology to capture data on demand direct from the point-of-sale or point-of-use are
now transforming the organisation’s ability to hear the voice of the market and to respond
directly to it.

Figure 2 : The Agile Supply Chain
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The use of information technology to share data between buyers and suppliers is, in
effect, creating a virtual supply chain. Virtual supply chains are information based rather
than inventory based.

Conventional logistics systems are based upon a paradigm that seeks to identify the
optimal quantities of inventory ands its spatial location. Complex formulae and
algorithms exist to support this inventory-based business model. Paradoxically, what we
are now learning is that once we have visibility of demand through shared information,
the premise upon which these formulae are based no longer holds. Electronic Data
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Interchange (EDI) and now the Internet have enabled partners in the supply chain to act
upon the same data i.e. real demand, rather than be dependent upon the distorted and
noisy picture that emerges when orders are transmitted from one step to another in an
extended chain.

Shared information between supply chain partners can only be fully leveraged through
process integration. By process integration is meant collaborative working between
buyers and suppliers, joint product development, common systems and shared
information. This form of co-operation in the supply chain is becoming ever more
prevalent as companies focus on managing their core competencies and outsource all
other activities. In this new world a greater reliance on suppliers and alliance partners
becomes inevitable and, hence, a new style of relationship is essential. In the ‘extended
enterprise’ as it is often called, there can be no boundaries and an ethos of trust and
commitment must prevail. Along with process integration comes joint strategy
determination, buyer-supplier teams, transparency of information and even open-book
accounting.

This idea of the supply chain as a confederation of partners linked together as a network
provides the fourth ingredient of agility. There is a growing recognition that individual
businesses no longer compete as stand-alone entities but rather as supply chains. We are
now entering the era of ‘network competition’ where the prizes will go to those
organisations who can better structure, co-ordinate and manage the relationships with
their partners in a network committed to better, closer and more agile relationships with
their final customers. It can be argued that in today’s challenging global markets, the
route to sustainable advantage lies in being able to leverage the respective strengths and
competencies of network partners to achieve greater responsiveness to market needs.

Hybrid strategies are often appropriate

There will be occasions when either a ‘pure’ agile or lean strategy might be appropriate
for a supply chain. However there will often be situations where a combination of the
two may be appropriate i.e. a hybrid strategy.

Hybrid supply chain strategies recognise that within a mixed portfolio of products and
markets there will be some products where demand is stable and predictable and some
where the converse is true. As Fisher has pointed out (6) it is important that the
characteristics of demand are recognised in the design of supply chains. However, it is
not necessarily the case that a supply chain should be either lean or agile. Instead a
supply chain may need to be lean for part of the time and agile for the rest.

Zara the Spanish fashion company provides a good example of this hybrid supply chain
strategy (7).

Zara is one of Spain’s most successful and dynamic apparel companies, producing
fashionable clothing to appeal to an international target market of 18 to 35 year-olds.
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Zara’s international market positioning places it in direct competition with some of the
most skilled operations in the business, including Italian fashion giant Benetton and US-
based The Gap and The Limited. Its rapid growth and on-going success in such a fiercely
competitive environment is in fact a testament to its ability to establish an agile supply
chain which still incorporates many ‘lean’ characteristics. The pursuit of this hybrid
strategy has enabled Zara to develop one of the most effective quick-response systems in
its industry.

The whole process of supplying goods to the stores begins with cross-functional teams -
comprising fashion, commercial and retail specialists - working within Zara’s Design
Department at the company’s headquarters in La Coruña. The designs reflect the latest in
international fashion trends, with inspiration gleaned through visits to fashion shows,
competitors’ stores, university campuses, pubs, cafes and clubs, plus any other venues or
events deemed to be relevant to the lifestyles of the target customers. The team’s
understanding of fashion trends is further guided by regular inflows of EPOS data and
other information from all of the company’s stores and sites around the world.

Raw materials are procured through the company’s buying offices in the UK, China and
The Netherlands, with most of the materials themselves coming in from Mauritius, New
Zealand, Australia, Morocco, China, India, Turkey, Korea, Italy and Germany.
Approximately 40% of garments - those with the broadest and least transient appeal - are
imported as finished goods from low-cost manufacturing centres in the Far East. The rest
are produced by quick-response in Spain, using Zara’s own highly automated factories
and a network of smaller contractors. Material or fabric is also held in ‘greige’ i.e.undyed
and unprinted and if demand for a particular garment turns out to be higher than expected
then local manufacturers can quickly manufacture additional product.

Zara’s manufacturing systems are similar in many ways to those developed and employed
so successfully by Benetton in Northern Italy, but refined using ideas developed in
conjunction with Toyota. Only those operations which enhance cost-efficiency through
economies of scale are conducted in-house (such as dying, cutting, labelling and
packaging). All other manufacturing activities, including the labour-intensive finishing
stages are completed by networks of more than 300 small subcontractors, each
specialising in one particular part of the production process or garment type. These
subcontractors work exclusively for Zara’s parent, Inditex SA. In return they receive the
necessary technological, financial and logistical support required to achieve stringent time
and quality targets. The system is flexible enough to cope with sudden changes in
demand, though production is always kept at a level slightly below expected sales, to
keep stock moving. Zara has opted for undersupply, viewing it as a lesser evil than
holding slow-moving or obsolete stock.

The role of the ‘decoupling point’
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A major problem in most supply chains is their limited visibility of real demand. Because
supply chains tend to be extended with multiple levels of inventory between the point of
production and the final marketplace, they tend to be forecast driven rather than demand
driven.

The point at which real demand penetrates upstream in a supply chain may be termed the
decoupling point. Previously, this idea has been termed the ‘order penetration’ point (8).
However, the issue is not how far the order penetrates, but how far real demand is made
visible. Orders are aggregations of demand, often delayed and distorted due to the actions
and decisions of intermediaries (9). On the other hand, demand reflects the ongoing
requirement in the final marketplace in as close to real-time as possible.

The decoupling point should also dictate the form in which inventory is held. Thus, in
the uppermost example in Figure 3, demand penetrates right to the point of manufacture
and inventory is probably held in the form of components or materials. In the lower
example, demand is only visible at the end of the chain. Hence inventory will be in the
form of finished product. The aim of the agile supply chain should be to carry inventory
in a generic form – that is, standard semi-finished products awaiting final assembly or
localisation. This is the concept of ‘postponement’, a vital element in any agile strategy.

Figure 3 : Decoupling points a strategic inventory
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Postponement, or delayed configuration, is based on the principle of seeking to design
products using common platforms, components or modules but where the final assembly
or customisation does not take place until the final market destination and/or customer
requirement is known.

The advantages of the strategy of postponement are several (10). Firstly, inventory can be
held at a generic level so that there will be fewer stock-keeping variants and hence less
inventory in total. Secondly, because the inventory is generic, its flexibility is greater,
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meaning that the same components, modules or platforms can be embodied in a variety of
end products.

Thirdly, forecasting is easier at the generic level than at the level of the finished item.
This last point is particularly relevant in global markets where local forecasts will be less
accurate than a forecast for worldwide volume. Furthermore, the ability to customise
products locally means that a higher level of variety may be offered at lower total cost
enabling strategies of ‘mass-customisation’ to be pursued.

The challenge to supply chain management is to seek to develop ‘lean’ strategies up to
the decoupling point but ‘agile’ strategies beyond that point. In other words by using
generic or modular inventory to postpone the final commitment it should be possible to
achieve volume-oriented economies of scale through product standardisation. The flow
of product up to the decoupling point may well be forecast driven; after the decoupling
point it should be demand driven.

An important point to recognise is that there are actually two decoupling points. The first
is the one already referred to i.e. the ‘material’ decoupling point where strategic inventory
is held in as generic a form as possible. This point ideally should lie as far downstream in
the supply chain and as close to the final market place as possible. The second
decoupling point is the ‘information’ decoupling point. The idea here is that this should
lie as far as possible upstream in the supply chain – it is in effect the furthest point to
which information on real final demand penetrates.

Mason-Jones et.al (11) have demonstrated through simulation the beneficial impact that
information feedback can have on reducing upstream amplification and distortion of
demand.

By managing these two decoupling points a powerful opportunity for agile response can
be created. At the same time the notorious ‘bullwhip’ or Forrester effect (12) (13) can be
reduced. Billington and Amaral (14) have suggested that whilst the combined effect of
shared information in a supply chain and delayed configuration through postponement
can significantly improve responsiveness, the effect of delayed configuration is actually
greater than the impact created by shared information (15).

Leveraging supplier relations

One of the keys to achieving agile response to fast-changing markets lies upstream of the
organisation in the quality of supplier relationships. Often it is the lead-time of in-bound
suppliers that limits the ability of a manufacturer to respond rapidly to customer
requirements. Equally new product introduction time can be dramatically reduced
through the involvement of suppliers in the innovation process.

Still today many companies have not recognised that competitive advantage that can be
derived from closer relationships with key suppliers (16). Instead there is often an arms-
length, even adversarial approach to managing the supplier base. To really leverage the
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opportunity for greater agility through closer supplier relationships requires a number of
pre-requisites to be in place.

Firstly, it is inevitable that the supplier base be rationalised. It is not possible to create
close relationships through process integration with multiple suppliers. Agile companies
have sought to identify a limited number of ‘strategic’ suppliers with whom they can
work as partners through linked systems and processes. Whilst the dangers of single-
sourcing need to be recognised, the advantages of having a network of key suppliers able
to synchronise their production and deliveries with the requirements of the company are
considerable. Opportunities for establishing information-based, paperless systems
utilising concepts of vendor managed inventory (VMI), for example, are clearly greater
when both buyer and supplier see each other as vital links in a more competitive supply
chain.

A further pre-requisite for the creation of a more agile supplier base is a high level of
shared information. In particular there has to be clear visibility of downstream demand;
data on real demand needs to be captured as far down the chain as possible and shared
with upstream suppliers. As wells as the IT and the IS necessary to make this possible
there needs to be a willingness amongst the partners to put aside any previous mistrust
and instead to create an environment in which information can freely flow in both
directions in the chain.

Perhaps the most important pre-requisite is the need for a high level of ‘connectivity’
between the firm and its strategic suppliers. What this implies is not just the exchange of
information on demand and inventory levels, but also multiple collaborative working
relationships across the organisations at all levels. It is increasingly common today for
companies to create supplier development teams which are cross functional and as such
are intended to interface with the equivalent customers management team within the
supplying organisation (17). Figure 4 illustrates the concept.

Figure 4 : Building stronger partnerships through multiple links
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Reducing complexity to enhance agility
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One of the biggest barriers to agility is the way that complexity tends to increase as
companies grow and extend their marketing reach. Often this complexity comes through
product and brand proliferation but also it can come through the organisational structures
and management processes that have grown up over time (18).

The reduction of product complexity should be a major priority for marketing and
logistics people working together. Product complexity includes not only design issues
(e.g. the number of non-standard components in a product) but also excessive variety that
does not contribute to greater customer or consumer value. Procter & Gamble for
example have in recent years focussed on product range rationalisation, pack
standardisation and reduced promotional activity in order to attack complexity.

Complexity is caused also by the way in which organisation structures and management
processes are designed. One of the benefits of the Business Process Re-engineering
(BPR) movement has been that is has highlighted the need to reduce or eliminate the
many non-value activities that are inherent in traditional functionally-based business.
Breaking down functional silos and re-grouping around value-creating processes will help
reduce organisational complexity. A further aid to complexity reduction, and hence,
enhanced agility, will be the development of a human resource strategy that leads to
multi-skilling and encourages cross-functional working. Team-based management has
been demonstrated (19) to be a highly effective facilitator of organisational agility.

Conclusions

Marketing management has not traditionally recognised the importance of logistics and
supply chain management as a key element in gaining advantage in the marketplace.
However, in today’s more challenging business environment, where volatility and
unpredictable demand becomes the norm, it is essential that the importance of agility be
recognised.

Leading companies are already implementing marketing strategies which are underpinned
by a supply chain strategy designed with agility in mind. These are the organisations that
will be best equipped for survival in the uncertain markets of the 21st century.
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What would it take for manufacturing 

businesses to operate like the best 

online retailers? How can such 

companies turn orders around in a day, 

deliver them with greater customization, 

and replenish stocks seamlessly? These 

aren’t idle questions for the top teams 

of manufacturers, because customers, 

across both B2C and B2B markets, are 

more fickle now; service demands are 

steadily notching upward; and economic 

volatility shows no sign of abating. 

Supply operations often struggle to keep 

pace, as many aren’t sufficiently agile to 

capture fleeting upside opportunities or 

to mitigate fast-moving risks.

To shed light on the enablers and 

enemies of agility, we examined the 

supply-chain performance of companies 

in five industries, as well as a range of 

practices that influence it. We analyzed 

proprietary data from interviews with 

operations executives at more than 

250 global companies. The interviews 

assessed ten supply-chain capabilities, 

including portfolio and complexity, order 

and demand, forecasting, and risk.1 

Responses were plotted on a scale 

of one to five and the overall agility 

Raoul Dubeauclard, Kerstin Kubik, and Venu Nagali

Our research shows that ten operating practices are tied to higher service levels  
and lower inventory costs.

How agile is your  
supply chain? 

scores organized into quartiles. We 

then compared those scores with two 

widely employed measures of supply-

chain performance: service levels, as 

measured by the proportion of orders 

delivered on time and as promised,2 

and days of inventory held.3 Companies 

with more agile supply-chain practices 

(as described by executive-survey 

respondents) had service levels that 

were seven percentage points higher and 

inventory levels that were 23 days lower 

than their less agile peers did (Exhibit 1).4

We also looked at specific agile 

practices and how consistently top-

quartile companies adopted them 

(Exhibit 2). Most, we found, do well in 

areas such as demand forecasting, labor 

flexibility, and the optimal placement of 

inventory across distribution networks. 

Fewer had mastered capabilities such 

as modularization and postponement, 

which require standardized 

manufacturing and process inputs so 

that companies can respond more 

fluidly to fluctuations in demand and to 

lower stock levels. Most struggled to 

shape demand, a practice that relies on 

variable pricing—increasingly grounded 
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Exhibit 1

orders with them and solicits their 

insights into the availability of materials 

and capacity constraints.

The company has also invested 

in redesigning processes (the 

modularization and postponement 

mentioned above) so that end products 

can be made more efficiently and quickly 

from standard inputs that are always 

in the production stream. Thus, when 

demand increases for an individual 

product, a plant manager can access 

the modular base and rapidly create the 

final formulation with only a few more 

steps than would be necessary with 

nonstandard inputs. That capability has 

not only sharply reduced the number 

of end products the company needs to 

stock but simplified SKU management 

as well. This company has also 

negotiated greater labor flexibility across 

its plant network, easing contractual 

in advanced analytics—to regulate 

the flow of products through supply 

networks and to optimize margins. One 

example of a company that uses these 

techniques is Amazon, which adjusts 

prices and inventory levels in real time in 

response to competitors’ moves, among 

other things.

Experience in two industries 

demonstrates how supply-chain 

agility accounts for divergent levels of 

performance among companies.

Chemicals. One top-quartile company 

is an industry leader producing a full 

range of chemicals used in agriculture 

and food processing. After regularly 

missing shipments as a result of raw-

material shortages, executives shook up 

their operations and now tightly integrate 

planning efforts with those of suppliers: 

the company shares data on forward 

Agile companies offer higher service levels even though their 
inventories are lower.

QWeb
Agile Supply Chains
Exhibit 1 of 2

Deliveries that are on 
time and in full (OTIF)

Days in
inventory

Agile companies1

Laggards

94%

87% 108 days

85 days

1De�ned as those in top quartile in aggregated agility score; all others are laggards.



3

constraints on hours worked. In addition, 

it has trained employees in multiple 

areas of process knowledge, so teams 

can quickly shift from one site to another 

to meet demand peaks. Factories now 

run at nearly full capacity, with lower 

logistics costs and far fewer expensive 

express shipments.

An industrial-chemical company with 

a broad product portfolio ranks two 

quartiles lower. Its service levels have 

slipped, because chronic shortages of 

materials, resulting from inconsistent 

coordination with suppliers, often delay 

shipments. Meanwhile, the company 

carries high levels of inventory because 

of its difficulties adjusting work 

schedules when demand increases.

Consumer products. A large consumer-

goods company had trouble meeting 

demand for its fast-moving food 

and beverage categories. On closer 

inspection, it found that a lack of 

transparency across its supply chain 

was the culprit. To remedy the problem, 

the company charged a senior supply-

chain executive with managing sales 

and operations planning end to 

end—something consumer-products 

companies often strive to do but rarely 

get right. After a successful pilot, the 

company extended the program to 

most of its suppliers, retail stores, and 

distributors. Inventory data became 

more reliable, collaboration improved, 

and on-time order fulfillment rose 

significantly.

Exhibit 2

Agile companies perform well in a number of areas.

QWeb 2015
Agile Supply Chains
Exhibit 2 of 2

% of agile companies1 in top quartile for given area

1De�ned as those in top quartile in aggregated agility score.

Labor and asset 
�exibility

Integrated 
planning

Inventory 
placement

Risk 
management

Forecasting 70

73

75

75

76
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Operations executives also sought 

ways to lower the risks when gyrating 

geographic and seasonal demand 

patterns put pressure on the supply 

chain. After a review of the company’s 

distribution network, these executives 

found they could mitigate customer 

stockouts by outsourcing a significant 

portion of their warehouse operations. 

When regional demand for a line of new 

products surged, the business could 

easily add low-cost warehouse capacity.

By contrast, service and inventory 

performance were less strong at one 

home-products manufacturer, which 

like the consumer-products company 

above boasted a diverse product line but 

had lower agility scores for operations 

planning and risk management. Its 

logistics costs are 25 percent higher 

than those of the consumer company, 

and it has been hit by persistent 

transport problems that require it to 

carry twice as much inventory.

Agile practices can help companies 

navigate an increasingly volatile 

and unforgiving global economic 

environment. Only a few companies, 

however, are adopting these approaches 

broadly enough to improve their supply-

chain performance significantly.

1 �The survey solicited self-reported answers to 
more than 60 questions on the following topics: 
forecasting, the ability to shape demand, risk 
management, modularization and postponement, 
integrated planning, labor and asset flexibility, 
network agility, lean fulfillment, inventory 
placement, and disruption-response planning.

2 �Operations executives use the term “on time and 
in full,” or OTIF.

3 �Inventory days average raw materials, work in 
progress, and finished goods across the supply 
chain. For this analysis, we examined more than 
70 companies distributed across five industry 
groups. Industries such as chemicals and 
pharmaceuticals had higher average inventory 
levels than consumer products and automotive did.

4 �We found statistically significant correlations 
between reported OTIF service levels and agility 
scores across quartiles. Regression analysis also 
revealed a statistically significant relationship 
between reported inventory days and agility 
quartiles. 
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Knut Alicke, Jürgen Rachor, Andreas Seyfert

“Supply Chain 4.0 – the application of the Internet of Things, the use of advanced robotics, 
and the application of advanced analytics of big data in supply chain management: place 
sensors in everything, create networks everywhere, automate anything, and analyze 
everything to significantly improve performance and customer satisfaction”

Over the last thirty years, logistics has undergone a tremendous change: from a purely 
operational function that reported to sales or manufacturing and focused on ensuring the 
supply of production lines and the delivery to customers, to an independent supply chain 
management function that in some companies is already being led by a CSO – the Chief 
Supply Chain Officer. The focus of the supply chain management function has shifted to 
advanced planning processes, such as analytical demand planning or integrated S&OP, 
which have become established business processes in many companies, while operational 
logistics has often been outsourced to third-party LSPs. The supply chain function ensures 
integrated operations from customers to suppliers. 

Trends in supply chain management

Industry 4.0 creates a disruption and requires companies to rethink the way they design 
their supply chain. Several technologies have emerged that are altering traditional ways 
of working. On top of this, mega trends and customer expectations change the game. 
Besides the need to adapt, supply chains also have the opportunity to reach the next 
horizon of operational effectiveness, to leverage emerging digital supply chain business 
models, and to transform the company into a digital supply chain.

Several mega trends have a heavy influence on supply chain management: there is a 
continuing growth of the rural areas worldwide, with wealth shifting into regions that  
have not been served before. Pressure to reduce carbon emissions as well as regu
lations of traffic for socioeconomic reasons add to the challenges that logistics are 
facing. But changing demographics also lead to reduced labor availability as well as 
increasing ergonomic requirements that arise as the workforce age increases.

At the same time customer expectations are growing: the online trend of the last years has 
led to increasing service expectations combined with a much stronger granularization of 
orders. There is also a very definite trend towards further individualization and customi
zation that drives the strong growth of and constant changes in the SKU portfolio. The 
online-enabled transparency and easy access to a multitude of options regarding where to 
shop and what to buy drives the competition of supply chains.

To build on these trends and cope with the changed requirements, supply chains need to 
become much faster, more granular, and much more precise.

 

Supply Chain 4.0 – the next-generation  
digital supply chain
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Vision of the future state 

The digitization of the supply chain enables companies to address the new requirements of 
the customers, the challenges on the supply side as well as the remaining expectations in 
efficiency improvement. Digitization brings about a Supply Chain 4.0, which will be … 

�� … faster. New approaches of product distribution reduce the delivery time of high 
runners to few hours. The basis for these services is built by advanced forecasting 
approaches, e.g., predictive analytics of internal (e.g., demand) and external (e.g., market 
trends, weather, school vacation, construction indices) data as well as machine status 
data for spare-parts demand, and provides a much more precise forecast of customer 
demand. Forecasts are not carried out on a monthly basis, but weekly, and for the very 
fast-moving products even every day. In the future we will see “predictive shipping,” 
for which Amazon holds a patent – products are shipped before the customer places 
an order. The customer order is later on matched with a shipment that is already in the 
logistics network (being transported towards the customer region) and the shipment is 
rerouted to the exact customer destination.

�� … more flexible. Ad hoc and real-time planning allows a flexible reaction to changing 
demand or supply situations. Planning cycles and frozen periods are minimized and 
planning becomes a continuous process that is able to react dynamically to changing 
requirements or constraints (e.g., real-time production capacity feedback from machines). 
Once the products are sent, increased flexibility in the delivery processes allows 
customers to reroute shipments to the most convenient destination. 
 
New business models, such as Supply Chain as a Service for supply chain planning 
functions or transport management, increase the flexibility in the supply chain 

Supply Chain 4.0 – the next-generation digital supply chain

Supply Chain 4.0

SOURCE: McKinsey
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organization. Supply chain can be bought as a service and paid for on a by-usage 
basis instead of having the resources and capabilities in-house. The specialization 
and focus of service providers allow them to create economies of scale as well as 
economies of scope and also attractive outsourcing opportunities.  
 
For example, we will see an “Uberization” of transport: crowd-sourced, flexible transport 
capacity, which will lead to a significant increase in agility in distribution networks. 

�� … more granular. The demand of customers for more and more individualized pro
ducts is continuously increasing. That gives a strong push towards microsegmentation, 
and mass customization ideas will finally be implemented. Customers are managed in 
much more granular clusters and a broad spectrum of suited products will be offered. 
This enables customers to select one of multiple “logistics menus” that exactly fits 
their need.  
 
New transport concepts, such as drone delivery, allow companies to manage the last 
mile efficiently for single and high-value dense packages. 

�� … more accurate. The next generation of performance management systems pro
vides real-time, end-to-end transparency throughout the supply chain. The span of 
information reaches from synthesized top-level KPIs, such as overall service level, to 
very granular process data, such as the exact position of trucks in the network. This 
range of data provides a joint information basis for all levels of seniority and functions in 
the supply chain. The integration of data of suppliers, service providers, etc. in a “supply 
chain cloud” ensures that all stakeholders steer and decide based on the same facts. 
 
In digital performance management systems, clean-sheet models for warehousing, 
transport, or inventory are used to set targets automatically. To keep the aspiration of 
targets also in case of supply chain disruptions, systems will automatically adjust targets 
that cannot be achieved anymore to a realistic aspiration level. We will see performance 
management systems that “learn” to automatically identify risks or exceptions and will 
change supply chain parameters in a closed-loop learning approach to mitigate them. 
That enables the automatic performance management control tower to handle a broad 
spectrum of exceptions without human involvement and to only leverage the human 
planner for the disruptive events/new events – with this, a supply chain is continuously 
developing towards its efficient frontier. 

�� ... more efficient. Efficiency in the supply chain is boosted by the automation of both 
physical tasks and planning. Robots handle the material (pallets/boxes as well as single 
pieces) completely automatically along the warehouse process – from receiving/unloading 
to putting away to pick, pack, and ship. Autonomous trucks transport the products within 
the network. To optimize truck utilization and increase transport flexibility, cross-company 
transport optimization is applied to share capacities between companies. The network 
setup itself is continuously optimized to ensure an optimal fit to business requirements.  
 
To create an ideal workload in the supply chain, various transparency and dynamic 
planning approaches are leveraged to drive advanced demand shaping activities (e.g., 
special offers for delivery time slots with low truck utilization).
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Digital waste prevents supply chains from leveraging the potential of Supply Chain 4.0

In today’s supply chains many sources of digital waste can be found (in addition to the 
existing waste) that prevent the potential of Supply Chain 4.0. It is crucial to understand the 
sources of waste and develop solutions to reduce/avoid it in the future state. The sources of 
digital waste can be classified in three types: 

1)	 Data capturing and management. Often, available data is handled manually (data 
collection in a system, paper-based data handling, etc.) and not updated regularly, e.g., 
master data on supplier lead time that is entered once (sometimes even only dummy 
numbers) and then remains unchanged for years. Another example in warehousing 
is advanced shipping notifications, which are received but not used to optimize the 
inbound process. 
 
On top of these examples, it is typically not clear which additional data could be 
leveraged to improve processes, e.g., sensing of supply disruptions – if the lead time of 
a supplier is continuously increasing, a warning should be sent out to make planners 
aware of the situation and enable them to mitigate supply disruptions at an early stage. 
In current systems, this signal will not be recognized and will lead to a lower supplier 
service level reported at the end of the month. If the worst comes to the worst, the 
issue will cause trouble in the assembly line replenishment and operational problems.  

2)	 Integrated process optimization. Many companies have started to implement an 
integrated planning process, but very often this is still done in silos and not all infor
mation is leveraged to achieve the best planning result possible. In addition, it can 
frequently be observed that automatically determined planning or statistical forecast 
data is manually overwritten by planners. Especially for parts moving at medium or 
high speed, the manual overwrites usually have a negative impact on the forecasting 
accuracy. Beside the intracompany optimization, the process optimization between 
companies has not been fully leveraged yet and improvement potentials created by 
increased transparency are not realized. 
 
To get to the advanced level of integrated process optimization, the organizational 
setup, governance, processes, and incentives need to be aligned within and between 
partners in the supply chain.

3)	 Physical process execution of humans and machines. Nowadays, warehousing, 
assembly line replenishment, transport management, etc. is often done based on gut 
feeling, but not leveraging available data, e.g., to improve pick paths in the warehouse. 
Warehouse operations are still managed in batches of one to two hours, not allowing the 
real-time allocation of new orders and dynamic routing. Also, opportunities arising from 
new devices, such as wearables (e.g., Google Glass) or exoskeletons, are not leveraged.  

Increasing operational efficiency leveraging Supply Chain 4.0

Supply Chain 4.0 will impact all areas in supply chain management. We have developed the 
McKinsey Digital Supply Chain Compass (see figure on next page)  to structure the main 
Supply Chain 4.0 improvement levers and to map them to six main value drivers. In the end, 
the improvements enable a step change in service, cost, capital, and agility.

Supply Chain 4.0 – the next-generation digital supply chain
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Planning

The future supply chain planning will largely benefit from big data and advanced analytics 
as well as from the automation of knowledge work. Two example levers with significant 
impact are “predictive analytics in demand planning” and “closed-loop planning.”

Predictive analytics in demand planning analyzes hundreds to thousands of internal as 
well as external demand influencing variables (e.g., weather, trends from social networks, 
sensor data) with Bayesian network and machine learning approaches to uncover and 
model the complex relationships and derive an accurate and granular demand plan. 
These new technologies enable a significant improvement of demand forecast accuracy, 
often reducing the forecasting error by 30 to 50 percent. Also, the days of a “single truth” 
regarding the forecasting numbers are over – these advanced algorithms provide proba
bility distributions of the expected demand volume rather than a single forecast number. 
This allows for targeted discussions, including upside potential and downside risks in the 
S&OPs, and advanced inventory management approaches.

Widely automated and fully integrated closed-loop demand and supply planning breaks the 
traditional boundaries between the different planning steps and transforms planning into 
a flexible, continuous process. Instead of using fixed safety stocks, each replenishment 
planning considers the expected demand probability distribution and replenishes to fulfill 
a certain service level – the resulting implicit safety stocks are therefore different with 
every single reorder. Another powerful feature of closed-loop planning is the integration 
of pricing decisions with the demand and supply planning; depending on the stock levels, 
expected demand, and capability to replenish, prices can be dynamically adapted to 
optimize the overall profit made and minimize inventories at the same time.

The McKinsey Digital Supply Chain Compass maps Supply Chain 4.0 
improvement levers to 6 main value drivers
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Physical flow

Logistics will take a huge step change through better connectivity, advanced analytics, 
additive manufacturing, and advanced automation. For example, as warehouses are 
being automated, we will see a significantly increasing amount of autonomous and smart 
vehicles, and 3-D printing changes warehousing and inventory management strate- 
gies completely.

The next generation of touch, voice, and graphical user interfaces and their quick proli
feration via consumer devices facilitates a much better integration of machines in almost 
any process in warehousing operations. For example, the breakthrough of optical head
mounted displays, such as Google Glass, enables location-based instructions to workers, 
giving guidance for the picking process. Advanced robotics solutions have emerged for  
the improved picking of cases and single pieces, and the use of exoskeletons (that emulate 
the human physiology and can support straining manual movements) will have a major 
impact on warehouse productivity. In total, warehouse automations become much more 
holistic, with some warehouses being fully linked to production loading points, so that the 
entire process is carried out without manual intervention.

Autonomous and smart vehicles will lead to significant operating cost reduction in trans
portation and product handling and at the same time provide benefits regarding lead times 
and lower environmental costs. The use of self-guided vehicles in controlled environments 
(e.g., mines) or on-premise solutions (e.g., trains) as well as AGVs in warehouse environ
ments are already operational and will further grow significantly in the near future. Auto
nomous trucks for use on public streets, however, are just being piloted in Europe and 
North America with promising results so far.

Besides the automation of warehouse processes, additive manufacturing will also have 
a significant impact on physical flows in the supply chain. For example, 3-D printing 
has become much more relevant for a broad range of business applications, such 
as local production of slowly moving spare parts or tools. This development is driven 
by an expanding range of printing materials, rapidly declining prices for the printers, 
and increased precision and quality. By now, the first production facilities that operate 
exclusively with 3-D printers have been established.

Performance management

Performance management is indeed changing tremendously. Whereas in the past, the 
generation of KPI dashboards was a major task and KPIs were only available at aggregated 
levels, now granular data is available in real time from internal and external sources. This 
moves the performance management process from a regular, often monthly process to 
an operational process aimed at exception handling and continuous improvement. For 
example, planners can be pointed to critical supply chain disruptions and further supported 
by an automatic handling of minor exceptions or potential solutions for the larger ones.

Automated root cause analyses are one approach for exception handling. The performance 
management system is able to identify the root causes of an exception by either comparing 
it to a predefined set of underlying indicators or by conducting big data analyses, leveraging 
data mining and machine learning techniques. Based on the identified root cause, the 

Supply Chain 4.0 – the next-generation digital supply chain
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system will automatically trigger countermeasures, such as activating a replenishment 
order or changing parameter settings in the planning systems, such as safety stocks. 

Order management

Two examples of how order management is improved are no-touch order processing 
and real-time replanning, which lead to lower costs through automation of efforts, higher 
reliability due to granular feedback, and superior customer experience through immediate 
and reliable responses.

No-touch order processing is the logical next step after implementing a reliable available-
to-promise (ATP) process. Through an integration of the ordering systems, linking to ATP, 
and through an enrichment with order rules, the system can be used to fully automate the 
ordering process. The goal is to have a complete “no-touch” process, where no manual 
intervention is required between order intake and order confirmation. Very stringent order 
rules that have to be followed, and continuously updated master data are prerequisites.

Real-time replanning enables order date confirmations through instantaneous, in-memory 
replanning of the production schedule and the replenishment in consideration of all constraints. 
Therefore the supply chain setup is always up to date, leading to a very reliable planning base. 
On top, additional services can be offered to the customers, e.g., a faster lead time for a certain 
premium fee, so the customer can see the feasibility and the updated dates at a glance.

Collaboration

The supply chain cloud forms the next level of collaboration in the supply chain. Supply 
chain clouds are joint supply chain platforms between customers, the company, and 
suppliers, providing either a shared logistics infrastructure or even joint planning solutions. 
Especially in noncompetitive relationships, partners can decide to tackle supply chain tasks 
together to save admin costs, and also to leverage best practices and learn from each other.

Another major field within collaboration is the end-to-end/multitier connectivity. Where 
some automotive companies have already started collaborating throughout the entire value 
chain (e.g., from the cow farmer to the finished leather seat in the car), other companies 
still need to close this gap. The collaboration along the value chain allows for overall much 
lower inventories through an exchange of reliable planning data, a step change in lead time 
reduction through instantaneous information provision throughout the entire chain, and an 
early-warning system and the ability to react fast to disruptions anywhere.

Supply chain strategy

Following the need for further individualization and customization of the supply chain, 
supply chain setups adopt many more segments. To excel in this setting, supply chains 
need to master “microsegmentation.” The granularization of the supply chain into 
hundreds of individual supply chain segments based on customer requirements and  
own capabilities designed in a dynamic, big data approach allows to mass-customize 
supply chain offerings. Tailored products provide optimal value for the customer and  
help minimize costs and inventory in the supply chain.

Supply Chain 4.0 – the next-generation digital supply chain
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Impact of Supply Chain 4.0

Eliminating today’s digital waste and adopting new technologies is a major lever to increase 
the operational effectiveness of supply chains. The potential impact of Supply Chain 4.0 
in the next two to three years is huge – up to 30 percent lower operational costs and a 
reduction of 75 percent in lost sales while decreasing inventories by up to 75 percent are 
expected, at the same time increasing the agility of the supply chains significantly. 

How did we calculate these numbers? The impact numbers are based on our experience 
from numerous studies and quantitative calculations – the three performance indicators are 
highly correlated, e.g., an improved inventory profile will lead to improved service level and 
lower cost. 

�� Supply chain service/lost sales. Low customer service is either driven by a wrong 
promise to the customer (e.g., unrealistic lead times), a wrong inventory profile (ordered 
products are not available), and/or an unreliable delivery of parts. Lost sales in addition 
occur if the required products are not available on the shelf or in the system – customers 
will decide to switch to another brand. This is true for both B2C and B2B environments. 
 
By significantly improving the way we interact with the customer, by leveraging all 
available POS data/market intelligence, improving the forecast quality significantly 
(up to more than 90 percent in the relevant level, e.g., SKU), and applying methods 
of demand shaping in combination with demand sensing to account for systematic 
changes/trends, the service level will increase dramatically and with this lost sales 
will decrease significantly. 
 
We clearly need to keep in mind that industries like Pharma Rx, where the service level 
is often in the upper 90ies, will benefit less from the reduction of lost sales, but more 
from insights into the patient – and by providing individual service, they will be able to 
increase revenue. 

�� Supply chain costs. Driven by transportation, warehouse, and the setup of the overall 
network, the costs can be reduced by up to 30 percent. Roughly 50 percent of this 
improvement can be reached by applying advanced methods to calculate the clean-
sheet (bottom-up calculation of the “true” costs of the service) costs of transport and 
warehousing and by optimizing the network – the goal should always be to have minimal 
touch points and minimal kilometers driven, still meeting the required service level of 
the customer. In combination with smart automation and productivity improvement in 
warehousing, on-board units in transportation, etc., the savings potential can be achieved. 
The remaining 15 percent cost reduction can be reached by leveraging approaches 
of dynamic routing, Uberization of transport, leveraging autonomous vehicles, and – 
where possible – 3-D printing. 

�� Supply chain planning. The planning tasks such as demand planning, preparation 
of S&OP process, aggregated production planning, and supply planning are often 
time intensive and conducted mainly manually. With advanced system support, 80 to 
90 percent of all planning tasks can be automated and still ensure better quality 
compared to tasks conducted manually. The S&OP process will move to a weekly 
rhythm and the decision process will be built on scenarios that can be updated in real 

Supply Chain 4.0 – the next-generation digital supply chain
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time. This accuracy, granularity, and speed has implications for the other elements, 
such as service, supply chain costs, and inventory. Systems will be able to detect the 
exception where a planner needs to jump in to decide.  

�� Inventory. Inventory is used to decouple demand and supply, to buffer variability in 
demand and supply. By implementing new planning algorithms, the uncertainty (the 
standard deviation of the demand/supply or forecast error) will be reduced significantly, 
making safety stock unnecessary. The other important variable to drive inventory is the 
replenishment lead time – with more production of Lot Size 1 and fast changeover, the 
lead time will be reduced significantly. Also, long transport time, e.g., from Asia to the 
EU or the US, will be reduced due to a significant increase in local-for-local production. 
In addition, 3-D printing will reduce the required inventory. We believe in an overall 
inventory reduction of 75 percent. 

Capturing the value is a journey that can be started right away. Where it starts depends on the 
digital maturity of the current supply chain. The McKinsey digital walk-through helps companies 
appreciate the current digital maturity of the organization, create a sound understanding of the 
required levers to pull to reach the next performance level leveraging Supply Chain 4.0 tools to 
shape the road map for digitization, and estimate the potential impact.

The diagnostic tool assesses the supply chain systematically based on six value drivers and 
five assessment dimensions (e.g., data, analytics). It differentiates between three archetypes 
of maturity levels. Supply Chain 2.0 characterizes “mainly paper-based” supply chains with 
a low level of digitization. Most processes are executed manually. The digital capabilities 
of the organization are very limited and available data is not leveraged to improve business 
decisions. Supply Chain 3.0 describes supply chains with “basic digital components in place.” 
IT systems are implemented and leveraged, but digital capabilities still need to be developed. 
Only basic algorithms are used for planning/forecasting and only few data scientists are part 

By applying Supply Chain 4.0 levers, huge potential can be unlocked 
in all supply chain categories

SOURCE: McKinsey
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of the organization to improve its digital maturity. Supply Chain 4.0 is the highest maturity 
level, leveraging all data available for improved, faster, and more granular support of decision 
making. Advanced algorithms are leveraged and a broad team of data scientists works within 
the organization, following a clear development path towards digital mastery. 

Transformation into a digital supply chain

The transformation into a digital supply chain requires two key enablers – capabilities and 
environment. Capabilities regarding digitization need to be built in the organization (see 
the chapter on capability building) but typically also require targeted recruiting of specialist 
profiles. The second key prerequisite is the implementation of a two-speed architecture/
organization. This means that while the organization and IT landscape are established, an 
innovation environment with a start-up culture has to be created. This “incubator” needs to 
provide a high degree of organizational freedom and flexibility as well as state-of-the-art IT 
systems (two-speed architecture independent of existing legacy systems) to enable rapid 
cycles of development, testing, and implementation of solutions. Fast realization of pilots is 
essential to get immediate business feedback on suitability and impact of the solutions, to 
create excitement and trust in innovations (e.g., new planning algorithms), and to steer next 
development cycles. The “incubator” is the seed of Supply Chain 4.0 in the organization – 
fast, flexible, and efficient. 

The digital walkthrough leads to a maturity assessment along the major 
SC 4.0 dimensions and concrete recommendations going forward

SOURCE: McKinsey
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CHAPTER 5

Understanding Supply Chain 4.0 and its 
potential impact on global value chains
Michael J. Ferrantino (World Bank Group) and Emine Elcin Koten (World Bank Group)*

ABSTRACT

The reorganization of supply chains using advanced technol-
ogies, such as the Internet of Things (IoT), big data analytics, 
and autonomous robotics, is transforming the model of supply 
chain management from a linear one, in which instructions 
flow from supplier to producer to distributor to consumer, 
and back, to a more integrated model in which information 
flows in an omnidirectional manner to the supply chain. While 
e-commerce is uniquely suited to many of these techniques, 
they also hold the promise of improving efficiency in brick-
and-mortar stores. These technologies are generating enor-
mous benefits through reducing costs, making production 

more responsive to consumer demand, boosting employment 
(employment in supply chain sectors where such technologies 
are most likely to be applied has grown much more rapidly 
than in other supply chain sectors and in the economy as a 
whole) and saving consumers’ time. The impact of these tech-
nologies on the length of supply chains is uncertain: they may 
reduce the length of supply chains by encouraging the reshor-
ing of manufacturing production to high-income economies, 
thus reducing opportunities for developing countries to par-
ticipate in GVCs, or they may strengthen GVCs by reducing 
coordination and matching costs.

•	 Digital technologies are transforming supply chain management from a linear model in which 
instructions flow from supplier to producer to distributor to consumer, and back, to a more 
integrated model in which information flows in multiple directions (sometimes referred to as Supply 
Chain 4.0).

•	 Digital technologies offer huge benefits in terms of inclusive patterns of growth, innovation and 
entrepreneurial opportunities

•	 The impact of new digital technologies on GVCs is uncertain: they may reduce the length of supply 
chains by encouraging the reshoring of manufacturing production, thus reducing opportunities for 
developing countries to participate in GVCs, or they may strengthen GVCs by reducing coordination 
and matching costs.

* We are grateful for helpful comments by Gary Hufbauer, Satoshi Inomata, Kalina Manova, William Shaw, Emmanuelle Ganne, and Lauren Deason. All 

errors and omissions remain the responsibility of the authors.
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1. Introduction

“Supply Chain 4.0” is the re-organization of supply 
chains – design and planning, production, dis-
tribution, consumption, and reverse logistics – 
using technologies that are known as “Industry 

4.0”. These technologies, which emerged in the 21st century, 
are largely implemented by firms that are at the frontier of 
supply chain management in high-income countries. Though, 
as we will argue, this classification is somewhat artificial, it does 
in fact capture certain prevailing ideas about what firms need 
to do, and are doing, in order to maintain competitive supply 
chains.

1.1 Supply Chain 4.0 is here already
While much of the literature we will review is forward-looking, 
and indeed has emerged only in the last two or three years, 
almost all of the technologies we discuss are being imple-
mented today, at least by firms at the frontier of supply chain 
management, which by and large are in high-income countries.1 
With only one or two exceptions, everything described in this 

chapter is already being applied in actual supply chains, or is 
at least being piloted. While the literature includes many ideas 
for emergent technologies that might be available by 2030 
(for example, vast fleets of self-driving delivery vehicles, or the 
“smart mirror” in the local clothing store that supposedly will 
allow you to virtually try on clothes just by scanning their bar 
codes), this argument does not depend on the deployment 
of technologies that do not really exist yet. The diffusion of 
already existing Supply Chain 4.0 technologies will already have 
a substantial impact.

When we say that Supply Chain 4.0 is here, we mean that it 
is here at the frontier of supply applications and being more 
widely adopted, not that it is universal. Even in high-income 
countries, the principles of Supply Chain 4.02 are unequally 
applied. Advanced supply management techniques are more 
likely to be observed in sectors such as electronics where earlier 
waves of management techniques took hold first, or in big-box 
retailers such as Walmart. As recently as February 2018, supply 
chain problems caused two-thirds of the 900 Kentucky Fried 
Chicken restaurants in the United Kingdom to close because 
they had run out of chicken.3

FIGURE 5.1 US employment by sector, supply chain sectors, manufacturing, transportation, post office and other, 
percent change (2011-2016)
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1.2 It transforms business models, making supply more 
customer-driven
While Supply Chain 4.0 involves the deployment of such contem-
porary tools as the Internet of Things (IoT), big data analytics, 
autonomous robotics, and the like, it is not really about any of 
these things. It is about transforming the model of supply chain 
management from a linear model in which instructions flow from 
supplier to producer to distributor to consumer, and back, to a 
more integrated model in which information flows in an omnidi-
rectional manner to the supply chain. While lead firms are increas-
ingly analyzing this information through “supply chain control 
towers,” the end effect of this development could be making the 
goods economy more responsive to consumer demand.

1.3 E-Commerce is ideally, but not uniquely, suited for 
Supply Chain 4.0
The ability to capture data in e-commerce empowers many of 
the data-driven methods we will discuss. In particular, older 
technologies (electronic data interchange) were already gather-
ing large amounts of information in business-to-business (B2B) 
e-commerce, which can be used to improve supply chain perfor-
mance. At the same time, most of the developments discussed 
here can be used to improve the performance of traditional 
brick-and-mortar stores, where the large majority of retailing still 
takes place, as well as in an e-commerce setting. 

1.4 It generates jobs, which substitute for household 
labor and promote human well being
In an exercise using U.S. data gathered in the Occupational 
Employment Statistics of the Bureau of Labor Statistics, this study 
shows that employment in the most dynamic parts of the supply 
chain has grown at a rate substantially exceeding that of the 
overall economy since 2011. These sectors include warehousing 
and storage (used by all retailers, Walmart as well as Amazon), 
couriers and messengers (the sector including UPS and Federal 
Express, commonly known as “express carriers”), and non-store 
retailers (particularly electronic shopping and mail-order houses, 
the sector inhabited by Amazon and eBay) (see Figure 5.1). Most 
of the jobs being created involve moving goods around either in 
warehouses or delivery vehicles and have many of the character-
istics of factory work. Though robots are used in many of these 
applications, they appear, at present, to be complementary with 
human labor. 

Most importantly, e-commerce, powered by Supply Chain 4.0, 
involves a great substitution of market labor for household shop-
ping time. Traditional shopping is a time-consuming and, for 
many, tedious activity. Because household time is an intrinsically 
scarce resource, Supply Chain 4.0 is already having profound 
impacts on human well-being. However, time saved as a result 
of e-commerce also has increased employment in the transpor-
tation and material moving occupations. As shown in Figure 5.2, 
men account for 42 percent of the time spent shopping, while 
women account for 58 percent, whereas men account 82 per-
cent of employees in transportation and warehousing jobs, while 
women account for 18 percent. As discussed further in section vi 

below, these workers, concentrated primarily in warehouses and 
express delivery companies, are paid to do the picking, packing, 
and driving that would otherwise be done by household shop-
pers in the absence of e-commerce.

1.5 It can transform the operation of global value chains
Whether conceived of as an advanced management practice, or 
simply as a cluster of technologies to be deployed by advanced 
management practices, Supply Chain 4.0 provides substantial 
opportunities for firms to enhance productivity, profitability, 
product quality, and performance in international trade. Because 
Supply Chain 4.0 diffuses at an unequal rate, it can also influence 
the size distribution of firms within industries as well as income 
distribution across countries. The enhanced ability to track both 
physical and financial information also has implications for activ-
ities of government which depend on highly disaggregated firm 
data, such as tax enforcement and monitoring of rules of origin in 
international trade.

2. The impact of Supply Chain 4.0 on firms

2.1 Technologies and management strategies
One way to approach Supply Chain 4.0 is to treat it as simply 
the application of Industry 4.04 to the supply chain.5 And a 
common way to approach Industry 4.0 is to treat it as simply a 
bundle of technologies that have emerged, or are emerging, in 
the 21st century (see Figure 5.3). Then the task might be simply 
to map the technologies in Industry 4.0 to each of the steps of 

FIGURE 5.2 Shopping and e-commerce occupations, 
gender division (2017)
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the supply chain – design and planning, production, distribution, 
and consumption. 

While each of the “industrial revolutions” is generally char-
acterized by a cluster of typical technologies, the list of these 
technologies varies from one author to another. Cirera et al. 
(2017) identify 17 technologies that are said to characterize 
Industry 4.0 (see Figure 5.4), which are referenced two or more 
times in a corpus of underlying sources, of which the most fre-
quently mentioned are the IoT; big data analytics; 3D printing; 
advanced (autonomous) robotics; sensor-using smart factories6; 
augmented reality7; artificial intelligence8; and cloud computing9. 
Pfohl et al. (2015) identify over 50 technologies associated with 
Industry 4.0, mind-mapped to such underlying attributes as “dig-
italization” (which applies to everything), “mobility”, “modular-
ization,” “network collaboration,” “autonomization”, “transpar-
ency,” and “socialization”. 

It is tempting, as noted above, to attempt to understand 
Supply Chain 4.0 as the application of Industry 4.0 to supply 
chains, and then to map each of the stages of the supply chain 
(planning and design, production, distribution, consumption, 
reverse logistics) to one or more of the iconic technologies said 
to be typical of Industry 4.0: the IoT, cloud computing, artificial 
intelligence, etc. The difficulty immediately arises that the appli-
cation of technologies to sets of problems is fluid, and it takes a 

long time to determine what the most successful technologies 
will be in any given area. For example, during 1880-1920 it was 
not at all obvious how three available forms of energy, steam, 
electricity and gasoline, were to be applied to two areas of 
activity, factories and motor vehicles. Eventually a consensus 
emerged that factories ought to be run by electricity and motor 
vehicles by gasoline, but not before every other combination of 
power and activity had been experimented with extensively, and 
with some success (Freeman and Soete 1997 75-80, 139-140).

Fortunately, there is a more fruitful way to approach the prob-
lem, because the broad functional outline of how Industry 4.0 
affects supply chains is already apparent.

Supply Chain 4.0 fundamentally changes the way informa-
tion flows through the supply chain. Traditional supply chains 
link suppliers to customers in a linear manner, with each firm 
sourcing inputs from suppliers and in turn delivering its products 
to customers (Figure 5.5). The planning process of each firm is 
designed to ensure that deliveries are coordinated with the cus-
tomers’ sourcing activities, and that sourcing activities are coor-
dinated with the suppliers’ delivery activities, and that returns of 
unwanted or unneeded products are accounted for (PWC 2016b). 
The processes by which this is done have been codified in the 
Supply-Chain Operations Reference (SCOR) model, originally 
developed in 1996 by the management consulting firm PRTM 

FIGURE 5.3 The currently fashionable model of Industry 4.0 is over-simplified, but it reflects current thinking about 
what’s happening now (2018)
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(now part of PriceWaterhouseCooper) and AMR Research (now 
part of Gartner) (Lambert 2008, p. 305), and are now part of a 
de facto standard strategic, management, and process improve-
ment methodology for supply chain management. The ideas 
behind SCOR, and their implementation, have been important 
for the development of global value chains and for supply coor-
dination among networks of firms.

As successful as this method of supply chain management has 
been, it has limitations. Flows of information tend to primarily 
link each firm to its immediate suppliers and customers, not to 
firms further down the chain. In supply chains with multiple links, 
this leads to delays in the processing of information. In particu-
lar, changes in the system flowing from changes in final demand, 
which are often unpredictable, become distorted as they pass 
upstream, analogous to the old child’s game in which a message 
whispered from one player to another becomes more and more 
different from its original content. Even with a lead firm acting as 
“impresario” of a network of firms, one actor is unlikely to have 
full information about everything that is going on in the supply 
chain. Managers at Walmart, planning for the fall apparel season, 
are in some sense leaders of their global supply chains (USITC 
2011, 3-33 ff). But they are unlikely to actually know what is hap-
pening in button and zipper factories in Bangladesh which are 
part of their supply chain. That information is held by middlemen. 
Firms in Singapore, which ship small screws to manufacturers of 

disk drives in Thailand, which are in turn shipped to assemblers 
of laptop computers in China, cannot see changes in consumer 
demand visible to Best Buy, a retailer in the United States (Hirat-
suka 2005). The term Supply Chain 4.0 can be usefully applied to 
an integrated supply chain ecosystem, in which information flows 
in all directions, analytics enable adjustment throughout the 
supply chain, and response takes place in real time (PWC 2016b) 
(see Figure 5.6).10 To rapidly assess and respond to changes in 

FIGURE 5.4 Industry 4.0 technologies, by relative emphasis in recent studies
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customer demand, tracking and tracing throughout the supply 
chain is enabled through sensing technologies underlying the 
Internet of Things (IoT), including radio frequency identification 
(RFID), Bluetooth, and GSM (global system for mobile commu-
nication), which links maritime transport to satellites. In par-
ticular, changes in customer demand can be rapidly assessed 
and responded to. This technology has had a wide uptake. 
According to a recent PwC study on the rise of Industry 4.0, a 
third of the more than 2,000 respondents say their companies 
have started to digitize their supply chains, and fully 72 percent 
expect to have done so five years from now (PWC 2016a, p. 11).

2.2 Big data and supply chain analytics – running 
scenarios from a supply chain control tower
New technologies gather prodigious amounts of data. In the 
last decade, the cost of bandwidth has decreased by a factor 

of nearly 40 times, processing costs have declined almost 60 
times, and many of the sensors used in IoT technology cost 
no more than 60 cents (CGI 2016). These data are only useful 
if they can be reduced to information useful for making deci-
sions in real time that create business value. Big data analytics 
thus are about using data to drive useful business intelligence, 
answering the questions, “What just happened?”, “Why did it 
happen?”, and “What are we going to do next?”. Specific appli-
cations of big data analytics include early warning algorithms 
(are we about to run out of something or hit a bottleneck? Did 
prices we care about just rise?), predictive algorithms (what is 
demand likely to look like next spring, or five years from now?), 
stock-keeping unit (SKU) rationalization (the decision about 
the optimal set of products, or SKUs, to offer to consumers at 
any given time), channel assessment (the decision about the 
optimal way to get product to end market, e.g. e-commerce/

FIGURE 5.6 Integrated supply chain ecosystem
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distributors/company-owned outlets/large and small retailers/
mail-order/etc.), and dashboards (user-friendly quick visualiza-
tion in “supply chain control centers”). The ability to collect and 
analyze data gathered in the whole supply chain makes it possi-
ble to “run scenarios within the platform” (PWC 2016b), where 
the platform is conceived of as an overarching software solution 
within the supply chain control center. 

The desire to collect and distribute data rapidly across a 
supply chain explains much of the recent enthusiasm for block-
chain technologies in the context of supply chains (Petersen 
et al. 2017). Blockchain is a distributed ledger technology that 
allows multiple parties to maintain copies of the same informa-
tion in different locations, either in an open manner or requiring 
individual entities’ permission to access the network. Blockchain 
protocols encode information such as numbers or programs, 
time-stamp them, and enter them as a block into a continu-
ous chain of previous blocks linked to the same transaction 
(Niforos, Ramachandran and Reherman, 2017). Such attributes 
make blockchain attractive for supply chain management, as 
well as for other uses such as fintech, cryptocurrencies, smart 
contracts, and security. Blockchain technology also has poten-
tial application in port logistics, improving tracking and trac-
ing of containers and coordination among the diverse actors 
in ports such as carriers, ship agents, terminal operators, insur-
ers, customs agents, financial institutions and inland transport 
(Weernink et al., 2017). While there is a great deal of hype about 
blockchain and supply chains at the present moment, pilot proj-
ects involving establishing origin of Australian oats, preventing 
counterfeiting of Italian wine, combating fraud in diamond mar-
kets, and tracing the provenance of geological samples have 
demonstrated proof-of-concept (Petersen et al. 2017). It should 
be noted that many of these coordination functions can be per-
formed by combinations of technologies that do not involve 
blockchain.

2.3 Smart factories/fractal factories/M2M 
communications/driverless programmable vehicles
Improved data gathering within the IoT, combined with analyt-
ics, enables process optimization within the factory as well, in 
order to enable timely business decisions. The application of 
Supply Chain 4.0 within manufacturing facilities is sometimes 
referred to as the “smart factory” (Pfohl et al. 2015). Embedded 
data collection units, using both automatic identification and 
data collection and radio-frequency identification (RFID) tech-
nologies, can be embedded in most pieces of factory equip-
ment. The information can be passed from machine to machine 
(M2M) and handed to a supply chain control tower for deci-
sion making. Autonomous robotics simply refers to the control 
and reprogramming of robotics using bilateral and multilateral 
machine communication. Intra-logistics within factories includes 
the use of driverless vehicles to move materials based on exter-
nally-provided information. 

One of the most important features of the Smart Factory is 
the ability to do predictive maintenance. The use of sensors to 
identify maintenance needs in advance of potential breakdowns 

reduces maintenance costs. (CGI 2017) For example, Microsoft 
and CGI developed a smart-sensor based solution for a com-
pany that maintains more than 1.2 million elevators worldwide. 
Information from the sensors is made available to service tech-
nicians and their supervisors through cloud-based dashboards. 
Manyika et al. (2015) estimate that predictive maintenance 
using IoT can reduce maintenance costs of factory equipment 
by 10-40 percent and reduce equipment downtime by up to 50 
percent. Similarly, the use of predictive analytics and IoT can 
have a big impact on energy maintenance, both by using energy 
consumption data to detect potential equipment failures and by 
continuously modifying equipment settings and process param-
eters in real time (CGI 2017).

2.4 Smart logistics and the warehouse of the future
Smart logistics encompasses not only scheduling of transport, 
but also activities within the warehouse. It is within the ware-
house that many of the most profound changes are already 
taking place. As noted above, one of the big changes is that 
the warehouse and the customer become more visible to each 
other, so that customer final purchases trigger not only prod-
uct moves from the warehouse but also product moves from the 
manufacturer to the warehouse.

In e-commerce, the Internet makes the warehouse visible 
to the customer. A familiar example of this is the notice one 
encounters at Amazon.com, “Only three left! Hurry!”, which 
can be used to influence both consumer behavior and trigger 
re-stocking. At Taobao.com, the giant Chinese e-commerce 
platform, customers are presented with both inventory and 
sales data for products. Alibaba is another platform that func-
tions as the architect of an increasing complex eco-system, that 
includes designers/entrepreneurs, marketers, payments, financ-
ing (credit) logistics suppliers, integration of on- and offline 
retail, supply chains and manufacturing, all of which are com-
plementary players in the eco-system interacting on the net-
work, in rapid-response, data-driven, algorithm-guided mode 
(Spence, 2018).

The predictive maintenance techniques discussed above can 
reach into the warehouse as well, which can similarly optimize 
delivery of spare parts to factories. Indeed, with a flexible 3D 
printer, spare parts can be produced in the warehouse, trig-
gered by demand. Some analysts project that 3D printers, which 
can be placed in any environment including delivery trucks, may 
make warehouses obsolete.

A traditional warehouse involves a good deal of “pick and 
pack” activity. Employees search around in the warehouse for 
products that have been ordered, take them off the shelves, and 
pack them. If the warehouse serves several firms, the packing 
may involve selecting packing materials marked with the logo of 
a particular firm. Clearly knowing where the products are located 
in a large warehouse, and moving through the warehouse in a 
time-minimizing manner, can speed up delivery time substan-
tially and reduce errors. Within the warehouse, autonomous 
logistics and robotic transport can be employed to substantially 
improve pick-and-pack performance. Other technologies can be 
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used as well. Here’s one example of the use of augmented reality 
in a warehouse:

“DHL recently conducted tests on an augmented reality system 
at a warehouse in the Netherlands owned by Ricoh, the Japanese 
imaging and electronics company. Equipped with smart glasses 
containing software from Ubimax, employees navigated through 
the warehouse along optimized routes via the glasses’ graphics 
display, enabling them to find the right quantity of the right item 
much more efficiently, and with reduced training time. Over the 
three weeks of the test, 10 order pickers succeeded in fulfilling 
9,000 separate orders by picking more than 20,000 items. The 
resulting productivity improvements and reduction in errors 
increased the overall picking efficiency by 25 percent” (PWC 
2016b, p. 22).”

This example highlights a feature of many Supply Chain 4.0 
technologies which will be important for understanding their 
employment effect. The use of new technology and human labor 
are often complements, rather than substitutes, especially in 
conditions where e-commerce is substantially increasing demand 
for certain goods. Rugaber (2018) reports that the online retailer 
Boxed in Edison, New Jersey opened up an automated ware-
house in Union, New Jersey. Demand for goods was such that 
the firm ended up employing more humans, adding a third shift, 
as well as more robots. The new jobs are less physically demand-
ing as well. Rather than taking thousands of steps a day loading 
items onto carts, employees can stand at stations as conveyor 
belts bring goods to them.11

2.5 E-Commerce is ideally, but not uniquely, suited for 
Supply Chain 4.0
As we have seen, many of the tools of Supply Chain 4.0 can 
be applied to traditional store-based retailing. The expan-
sion of e-commerce, however, allows additional ways in which 
new technologies can be implemented. One obvious feature 
of B2C-commerce is that the process of purchasing involves 
electronic data entry on the part of the consumer. This enables 
information to be captured, preferences to be assessed, and 
strategies to target the consumer to be implemented, such as 
the ubiquitous pop-ups which now follow one around the Inter-
net after having viewed a product in a given category. 

Although most of the popular discussion of e-commerce 
is on B2C, nearly 90 percent of e-commerce is in fact busi-
ness-to-business (B2B) (UNCTAD 2017, from which Table 5.1). 
This means by definition that it consists of links in supply chains 
– whether transactions between parts suppliers and assem-
blers, between distribution centers and retailers, or online 
purchases of services which in many cases support the supply 
chain. B2B commerce can be implemented either through 
websites, much like B2C e-commerce, or through electronic 
data interchange (EDI). EDI is a mature technology12 through 
which the computer systems of the buyer and seller are directly 
connected using a common record format.13 As an example 
of the pervasiveness of EDI, the United Kingdom’s Office of 
National Statistics finds that a majority of all e-commerce in 
the U.K. consisted of B2B e-commerce conducted through EDI, 
as opposed to over websites that resemble B2C e-commerce 
(Table 5.2).

TABLE 5.1 Top 10 economies by total, B2B and B2C e-commerce, 2015, unless otherwise indicated

Total B2B B2C

Economy $ billion Share in GDP (%) $ billion Share in total 
e-commerce (%) $ billion

1 United States 7,055 39 6,443 91 612

2 Japan 2,495 60 2,382 96 114

3 China 1,991 18 1,374 69 617

4 Republic of Korea 1,161 84 1,113 96 48

5 Germany (2014) 1,037 27 944 91 93

6 United Kingdom 845 30 645 76 200

7 France (2014) 661 23 588 89 73

8 Canada (2014) 470 26 422 90 48

9 Spain 242 20 217 90 25

10 Australia 216 16 188 87 28

Total for top 10 16,174 34 14,317 89 1,857

World 25,293 - 22,389 - 2,904

Source: UNCTAD Information Technology Report 2017.
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Transactions between businesses which take place without 
EDI involve multiple processes of transmission and re-copying 
of data. A customer creates an order manually, perhaps using 
a computer. The order is transmitted by telephone or fax. It is 
manually keyed into the vendor’s computer system. When the 
order is fulfilled an invoice is created manually (with or without 
the aid of a computer). The invoice is sent back to the cus-
tomer, who enters the data on the invoice manually.

Each of these steps in the process is time-consuming. More-
over, each step is a place at which error can be introduced into 
the system, leading not only to slow order fulfilment but to 
lack of fulfilment or mis-fulfilment. An EDI system causes an 
order created electronically by the customer to be instantly 
duplicated without error in the vendor’s computer system, and 
the invoice to be similarly electronically duplicated in the cus-
tomer’s computer system.

Besides saving time and labor, and reducing errors, EDI 
enables a large amount of data capture about customer 
behavior. Thus, data captured in EDI can be the basis for 
supply chain analytics using either big data or “small data” 
techniques. One study of manufacturers in the Czech Repub-
lic finds that firms using EDI were also more likely to adopt 
advanced techniques of inventory management, such as con-
signment stocks, buffer stocks, and safety stocks14 (Vrbová et 
al 2016). The same study reports that sectors with above-av-
erage use of EDI include auto parts, electronics, engineering 
industries, plastics, retailing and textiles. These are all sectors 
associated around the world with well-organized value chains, 
showing the use of EDI-driven data capture and analysis in 
value chains.

3. The impact of Supply Chain 4.0 on 
consumers – customer fulfilment increasingly 
resembles magic

In a traditional consumer supply chain, the final step is an 
in-store retail establishment. Consumers frequently experience 
the frustration of goods being out of stock, either goods that 
are usually on the shelves but are not there on the day the con-
sumer is in the store, or goods that the consumer would like 
to buy and knows that they exist, but that the store does not 
carry. In such cases, the remedies are familiar. Do you have 
any more in the back room? May I speak to a manager? For a 
particularly vigorous consumer inquiry, the manager might be 
prevailed upon to call another store in the chain, or a regional 
warehouse or distribution center. By this time, the consumer 
may well have given up and not made the purchase at all, or 
gone to a competitor. 

Applications of IoT are increasingly used to facilitate the 
management strategies of “customer-managed inventory” 
(CMI) or “vendor-managed inventory” (VMI). These strategies 
represent a revolution in supply chain management of compa-
rable importance to the “just-in-time” revolution in manufac-
turing pioneered at Toyota and other companies in the 1960s. 
In such models, information is initially provided by a customer, 
for example by scanning a bar code associated with a purchase, 
and then transmitted up the supply chain to the warehouse/dis-
tribution center.15 Technologies such as RFID tags then transmit 
information to the distribution center so that orders can be ful-
filled. The information involved is mediated by EDI (see above 
under e-commerce). Since demand still cannot be fully forecast, 
models of inventory management such as scan-based trading 
or consignment distribute the risk between suppliers and retail-
ers by enabling retailers to take physical possession of inven-
tory while suppliers retain ownership, so that the sale between 
the supplier and retailer does not actually take place until the 
final consumer checks out at the register. More complex ver-
sions of this transaction are possible. 

By mediating a series of linkages between retailers, ware-
houses, manufacturers, and suppliers of inputs to manufac-
turing, EDI-driven CMI minimizes forecasting errors along the 
supply chain. As a hypothetical example, a consumer checking 
out of an AT&T store in California with a newly purchased Sam-
sung smartphone may, by the single act of purchase, trigger a 
chain of information going all the way back to a company that 
supplies Samsung with touch screens relatively quickly, with 
tight linkages between the “supply chain control towers” of 
Samsung and AT&T.

Future developments in in-store retailing, enabled by IoT 
technology, will enhance both the customer experience and 
the ability of stores to pursue advanced management strate-
gies (Gregory, 2015). Using their cell phones, customers may be 
able to scan barcodes on items to obtain product information 
or identify other colors or sizes available on the retailer’s web-
site. VIP customers may be offered virtual coupons on enter-
ing the store. Smart mirrors may allow customers to “try on” 

TABLE 5.2 The United Kingdom reported that about 50 
percent of e-commerce in 2017 was electronic data 
interchange B2B

Mode Sector
Value in 2015
(billion UK £)

Grand Total
(%)

All modes Total 560 100

of which B2B 400 71.4

of which B2C 160 28.6

Electronic Data 
Interchange (EDI) Total (B2B)* 281 50.2

Website Total 279 49.8

of which B2B 119 21.3

of which B2C 160 28.6

Source: UK Office for National Statistics.

* EDI can be explained as an automated transaction between businesses and 

therefore EDI sales are classed as business-to-business sales.
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different clothing virtually. This experience, which immerses 
the customer in a retail environment with the aid of both mobile 
and in-store devices, may be known as the Internet of Me. From 
the management standpoint, smart price tags can be changed in 
real time based on demand or other needs, and “smart shelves” 
in store could detect low inventory, thus providing further sup-
port for CMI and VMI strategies. Of course, many of these same 
principles apply in markets for intermediate goods – B2B mar-
kets. In these markets, the ability to use analytics and advanced 
supply chain management to improve performance is in many 
ways more advanced than in business-to-consumer (B2C) mar-
kets, especially in sectors such as electronics, apparel, and motor 
vehicles where sophisticated supply chain methods have been in 
existence for an extended period of time. This is also discussed 
in the section on e-commerce.

4. The impact of Supply Chain 4.0 on workers

4.1 Physical labor in warehousing and driving substitutes 
for household time
In an important recent contribution, Mandel (2017) demon-
strates that U.S. sectors involved in supply chain activities 
associated with e-commerce have generated a significant 
amount of employment over the last decade – over twice as 
much as the reduction in employment in store-based retailing 
occurring at the same time. Moreover, the jobs involved are 
reasonably well-paying, and to some extent look like the old 
factory jobs in manufacturing which became less numerous 
during the period 1979-2010.

Specifically, Mandel finds that from December 2007 to June 
2017, e-commerce jobs in fulfilment centers and e-commerce 
companies rose by 400,000, substantially exceeding the 
140,000 decline in brick-and-mortar retail jobs. On a country 
by country basis, fulfilment center jobs pay 31 percent more 
than brick-and-mortar retail jobs in the same area.

Data from the American Time Use Survey (BLS) imply that 
in 2016, Americans age 15 and over spent 1.2 billion hours 
per week driving to the mall, finding a parking place, wander-
ing around the aisles, checking out, and driving home. The 
number of hours spent by each such individual shopping per 
week declined from 4.9 in 2005 to 4.4 in 2012, recovering 
slightly to 4.5 in 2016. Due to online shopping, in the years 
between 2006 and 2012 each individual over age 15 spent 6 
minutes fewer a day in the purchase of goods and services, 
which adds up to 11.8 billion leisure hours a year to spend on 
something else (see Figure 5.7). At the same time, the brick-
and-mortar share of retail sales declined from 98 percent to 
92 percent.

Thus, e-commerce is a mechanism for translating unpaid 
household shopping time (which has valuable alternate uses) 
to paid market time. Instead of consumers spending time 
shopping, workers in warehouses and on delivery trucks are 
picking goods off warehouse shelves and bringing them to 
the consumer’s front door. Since time is a scarce resource, 

particularly in an affluent society, the implications of e-com-
merce for social welfare are potentially profound. This includes 
implications for the gender distribution of labor. A reasonable 
hypothesis is that a further examination of the American Time 
Use Survey would reveal that the hours spent in shopping 
activities are disproportionately female, while the employ-
ment in supply chain activities are likely to be relatively more 
those of male mail workers. We leave this hypothesis for future 
examination.

4.2 Overall trends in supply chain employment

Data
We analyze a group of sectors particularly involved in the dis-
tribution of goods, including wholesaling (both traditional and 
electronic), retailing (both store-based and non-store based), 
couriers and messengers, and warehousing and storage 
(Table  5.3). We call the aggregate of these data the “supply 
chain sectors.’ We then use data from the Occupational Employ-
ment Statistics (OES) of the U.S. Bureau of Labor Statistics to 
track sector-level employment as well as employment in individ-
ual occupations in each sector. For contrast, we compare the 
results with trends in manufacturing and in the U.S. economy as 
a whole.

We focus on the period from 2011-2016. Even though it is a 
very recent period, it corresponds roughly to the period during 
which the discussion of “Industry 4.0” (and thus, eventually, 
“Supply Chain 4.0”) crept into the public awareness. This is a 
shorter period of time than covered in Mandel (2017). Moreover, 
we have a greater focus on the occupational composition of 
employment.

FIGURE 5.7 Hours spent per day shopping in the U.S. 
(2002-2018)
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Supply chain sectors associated with e-commerce expe-
rienced rapid employment growth from 2011 to 2016. While 
employment growth in U.S. supply chain sectors as a whole (8.7 
percent) was below that of overall employment (9.2 percent), 
employment growth was much higher in the subcomponents of 
warehousing and storage (28.9 percent), non-store retailers (20.3 
percent), and couriers and messengers (16.0 percent). Within the 
subcategory of non-store retailers, employment in the category 
of electronic shopping and mail-order houses, which approaches 
most closely the usual conception of e-commerce, grew even 
more rapidly at 41 percent.16 The time profile of employment 
increase shows that while jobs in the “couriers and messengers” 
sector grew steadily throughout the period, those at non-store 
retailers experienced an acceleration after 2013, while in ware-
housing and storage the acceleration kicked in after 2014 (Figure 
5.8). In terms of absolute job gains in the supply chain sectors, 
these were mainly in specialty stores – that is, stores that spe-
cialize in one type of merchandise such as food, apparel, elec-
tronics, cars, or sporting goods (Figure 5.9). Such stores account 

for substantially more activity than general merchandise stores. 
Among the rapidly growing supply chain sectors, the largest job 
gains have been in warehousing and storage.

Types of employment increasing in supply chain sectors 
The dominant category of employment that has expanded in 
the current supply chain boom is “transportation and mate-
rial moving operations.” Over 2011-2016, these occupations 
accounted for an increase in employment of over 350,000 in 
warehouses and courier services (Figures 5.10 and 5.11). These 
types of jobs involve a combination of physical and mental activ-
ity comparable to that of Industry 2.0, but less strenuous because 
of the effects of mechanization.

Among e-commerce firms proper (electronic shopping and 
mail-order houses), the greatest absolute growth in employment 
has been in office and administrative support occupations, with 
the second largest absolute growth (and largest percentage 
change growth) being in business and financial operations occu-
pations) (see Figure 5.12). Among specialty stores, employment in 
many of the back-office occupations has declined, and the gains 
have come in customer-facing occupations – sales and related 
occupations, and health care practitioners and technical occu-
pations (see Figure 5.13). The gain in health care workers can be 
attributed to a single category of specialty stores, pharmacies. 
Companies such as Walgreens and CVS are increasingly offer-
ing vaccinations and other basic health care services hands-on in 
their retail establishments, which carry many of the same items 
available in food stores and general merchandise retailers.

5. The impact of Supply Chain 4.0 on GVCs

Supply Chain 4.0 can be seen either as an advanced manage-
ment practice, or as a cluster of technologies more likely to be 
adopted as the result of advanced management practices. As 
shown by recent survey-based research, improvement of man-
agement practices – such as may be associated with adoption 
of Supply Chain 4.0 – is likely to enhance productivity and prof-
itability, lead to higher-quality outputs produced using high-
er-quality inputs (Bloom, Manova, Sun, Van Reenen and Yu 2018). 
Supply Chain 4.0 is designed to enhance key management com-
petencies, such as effective target setting, collecting and ana-
lyzing data to monitor progress towards these targets, inventory 
management, coordination of targets/progress across produc-
tion stages, and worker supervision and incentives. 

Supply Chain 4.0 technologies may enable firms to reduce the 
number of stages in supply chains by reshoring routine labor-in-
tensive activities in developing countries back to the developed 
countries. These technologies make undertaking some produc-
tion stages in high-wage countries more profitable by reducing 
the amount of labor required, thus weakening the incentive for 
firms to locate in low-wage countries and reducing the impor-
tance of low labor costs in determining comparative advantage, 
providing instead an advantage to integrating multiple stages 
of production at a single automated location (Dachs et al. 2017). 

TABLE 5.3 Sectors of employment defined as U.S. “supply 
chain sectors”

Total supply chain sectors:

423 Merchant Wholesalers (durable & non-durable goods)

425 Wholesale Electronic Markets and Agents and Brokers

441-8 & 451 Specialty Store Retailers

of which motor vehicles and parts dealers; furniture and home 
furnishings; electronics and appliance;

building materials and garden equipment and 
suppliers; food and beverage;

health and personal care; gasoline stations; clothing 
and accessories;

sporting goods, hobby, book and music

452 General Merchandise Stores

453 Miscellaneous Store Retailers (e.g. dollar stores)

454 Non-store Retailers

of which Electronic Shopping and Mail Order Houses

493 Warehousing and Storage

481-4 General Transportation

of which Air, rail, water, and truck transportation

491 Postal Service

492 Couriers and Messengers

For comparison:

31-33 Total manufacturing

Total supply chain sectors

Total U.S. economy

Note: Sectors of employment defined using the Occupational Employment

Statistics (OES) data from BLS from 2011-2016.
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FIGURE 5.8 Employment growth in U.S. supply chain sectors and overall economy, index, 2011 = 100
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FIGURE 5.9 Absolute changes in U.S. employment, supply chain sectors, and transportation (2011-2016)
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FIGURE 5.10 Warehousing and storage – changes in employment in selected occupations (2011-2016)
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FIGURE 5.11 Couriers and messengers – changes in employment in selected occupations (2011-2016) 
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FIGURE 5.12 Electronic shopping and mail order houses – changes in employment in selected occupations (2011-2016)
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FIGURE 5.13 Specialty stores – changes in employment in selected occupations (2011-2016)
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It has been argued that 3-D printing works in this way. Accord-
ing to one estimate it is expected that 3-D printing will disrupt 
between 4.6 percent and 14.9 percent of global trade flows (Arvis 
et al. 2017). By shortening GVCs, 3-D printing may eliminate the 
productivity benefits associated with international trade in manu-
factured goods by reducing the need for unskilled labor-intensive 
tasks. On the other hand, 3-D printing has actually been associ-
ated with increased trade in at least one sector – hearing aids – 
where the technology has been rapidly adopted (Freund, Mulab-
dic and Ruta 2018).

The new digital technologies are driving a revolution in the way 
firms are shaping the organization of their production processes. 
For example, in 2016, Adidas opened a fully-automated shoe fac-
tory using 3-D technology and robotics in Germany. The goal was 
to individualize its products and react more promptly to consumer 
needs by bringing manufacturing closer to its clients and speed-
ing up delivery. The number of workers required in this factory is a 
fraction of the number of people working in emerging economies 
in the production of the same sportswear (Backer and Flaig 2017). 
Thus, this form of innovation may slow the growth of GVCs and 
increase the importance of skills development.

The reshoring of production by high-income countries could 
reduce demand for the products of manufacturing exporters and 
stifle the potential entry of newcomers into manufacturing GVCs 
(Hallward-Driemeier and Nayyar 2017). The higher and more spe-
cific investments in advanced production technology are, the 
greater the possibility to integrate manufacturing operations at 
one focal plant, favoring reshoring (Dachs et al. 2017). A report 
by Citigroup and the University of Oxford’s Oxford Martin School 
finds that 70 percent of Citi institutional clients surveyed believe 
that automation will encourage companies to move their man-
ufacturing closer to home, with North America having the most 
to gain from automation, followed by Europe and Japan. By con-
trast, the authors estimated that China, Association of Southeast 
Asian Nations (ASEAN) member countries, and Latin America 
have the most to lose from automation (Citigroup 2016). Hence, 
the increased use of labor-saving technologies will change the 
patterns of comparative advantage of manufacturing in the global 
market.

On the other hand, developments in the technologies such 
as IoT, big data and cloud computing can strengthen the current 
structure of GVCs by reducing the costs of tracking and monitor-
ing the components of production, thus lowering coordination 
and matching costs. A survey of 152 decision-makers in auto-
motive, aerospace, electronics, and industrial equipment manu-
facturing companies in Germany, France, and the U.S. finds that 
the biggest benefit of cloud computing is to reduce the cost of 
optimizing infrastructure (48.3 percent of respondents), followed 
closely by efficient collaboration across geographies (47.7 per-
cent) and the ability to respond quickly to business demands (38.4 
percent) (the Microsoft Discrete Manufacturing Cloud Computing 
Survey, Microsoft Corporation 2011).

The degree of adoption and diffusion of Supply Chain 4.0 
processes is likely to vary across both firms and countries. As a 
result, in the medium run it could give rise both to more industrial 

concentration in sectors where it is important, and to increased 
income inequality across countries. Countries with higher internet 
penetration, firms and countries with greater digital entrepreneurial 
skills, and firms which have mastered previous generations of supply 
management practices (such as the SCOR model of the 1990s) are 
likely to have advantages in adopting Supply Chain 4.0 methods.

Conversely, attempts by developing countries to promote 
entry into new manufacturing sectors, particularly using strategies 
promoting domestic firms with subsidies, incentives, and special 
zones, might not take into account whether key players in the supply 
chain are using the most advanced technologies, and thus be at a 
competitive disadvantage relative to strategies which successfully 
attract FDI from firms which have mastered Supply Chain 4.0.

Differences in the rate of diffusion and adoption of Supply 
Chain 4.0 may not necessarily have negative impacts for poverty 
alleviation or income growth of people with lower incomes in 
developing countries. It depends on how the gains from the new 
management practices are distributed along the supply chain. For 
example, in some cases the application of advanced supply man-
agement practices to an agriculturally-based supply chain origi-
nating in developing countries could enable additional steps of 
food processing in those countries, while in other cases they could 
lead to increased export of raw materials. In the case of increased 
export, whether farmers capture any of the gains may depend 
on whether improved (likely foreign) management of the overall 
supply chain induces farmers to produce higher-quality produce 
at higher prices, or to have higher rejection rates. The effects of 
Supply Chain 4.0 on poverty and shared prosperity are thus likely 
to be contingent on a variety of local circumstances.

Another potential impact of Supply Chain 4.0 relates to the 
interactions between firms and governments. Improved supply 
chain management can lead to increased traceability of goods and 
financial information. This could make it easier for firms engaged 
in international trade to satisfy rules of origin by providing a com-
prehensive audit trail, and it could make it easier for governments 
to monitor some types of tax evasion.

6. Conclusion

It is dangerous to take a snapshot of recent history, whether of 
technologies, institutions, or economic trends, and project it 
very far in the future. Current developments in supply chains 
appear to be employment-generating, but this could reverse 
if developments in robotics advance in certain directions. The 
technology could evolve in entirely unpredictable ways. Or, more 
pessimistically, its diffusion could stall, limiting the application of 
Supply Chain 4.0 to already high-income countries and becom-
ing another contributor to global income divergence, which may 
already be the case with Industry 4.0. Concerns about consumer 
privacy could easily cause governments to act to forestall some 
of the developments discussed here. For the present, though, 
jobs are being created in supply chains, and advances in supply 
chains are creating benefits for consumers. This can be taken as 
at least a small cause of optimism.
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Notes

1.	 Or, likely as not, in China, though this chapter does not attempt to 

document that specifically.

2.	 Six principles of Industry 4.0 are: 1) Interoperability: the ability for 

plant equipment (i.e., workpiece carriers, assembly stations and prod-

ucts), humans or smart factories to connect and communicate with 

each other via the IoT and the Internet of Services; 2) Virtualization: a 

virtual copy of the smart factory created by linking sensor data (from 

monitoring physical processes) with virtual plant models and simula-

tion analytics; 3) Decentralization: the ability of cyber-physical systems 

within smart factories to make decisions on their own; 4) Real-time 

capability: the capability to collect and analyze data and provide the 

derived insights immediately; 5) Service orientation: offering of ser-

vices (of cyber-physical systems, humans or smart factories) via the 

Internet of Services; and 6) Modularity: flexible adaptation of smart 

factories to changing requirements by replacing or expanding indi-

vidual models. 

3.	 Available at: https://www.usatoday.com/story/money/2018/02/19/

kfc-chicken-shortage-u-k-restaurants-close-amid-delivery-mis-

haps/350698002/,February 19, 2018.

4.	 The term “Industry 4.0” is of German origin. It arises from the German 

Government’s High Tech 2020 strategy, an initiative launched in 

2011 and conducted through the Ministry of Education and Research 

(BMBF) and the Ministry for Economic Affairs and Energy (BMWI) 

(European Commission 2017). As popularized, Industry 4.0 refers to 

the most recent in a sequence of “industrial revolutions” in historical 

time (e.g. Hallward-Driemeyer and Nayyar 2018, 40-41).

5.	 The definition by analogy to Industry 4.0 corresponds to the most 

common usage of “Supply Chain 4.0”, e.g. Alicke et al. 2016, Asthana 

2018. To our knowledge, nobody has attempted to provide histori-

cally-based definitions of “Supply Chain 1.0,” “Supply Chain 2.0” or 

“Supply Chain 3.0.”

6.	 A “smart factory” is a highly digitized and connected production facil-

ity of the type associated with Industry 4.0. The idea of a “smart fac-

tory” is still in its infancy and does not refer to a tightly standardized 

specification of operations.

7.	 “Augmented reality” refers to a technology that superimposes a 

computer-generated image on a user’s view of the real world, thus 

providing a composite view. It includes as a subcategory “virtual real-

ity,” displays of information of a “3D” or “real” character mediated by 

such hardware as special headsets or gloves.

8.	 “Artificial intelligence” (AI) refers to the theory and development of 

computer systems able to perform tasks that normally require human 

intelligence, such as visual perception, speech recognition, deci-

sion-making, and translation between languages. It is closely related 

to the concept of “machine learning,” i.e. computer systems that 

improve their performance with accumulated experience.

9.	 “Cloud computing” denotes the practice of using a network of 

remote servers hosted on the Internet to store, manage, and process 

data, rather than a local server or a personal computer.

10.	 Figures 5.5 and 5.6 portray a linear supply chain where goods are 

moved from one location to another sequentially – a structure often 

referred to as a “snake” supply chain. “Snakes” are contrasted with 

“spider” supply chains, in which parts and components are brought 

from dispersed locations to be assembled at a common location (cf. 

Hiratsuka 2005). The concept of a supply chain control tower applies 

equally well to “snake” and “spider” type supply chains. In a more 

elaborate chain, in which some lead firm orders major assemblies 

from Tier I suppliers, which in turn order sub-assemblies from Tier II 

suppliers, and so on, the flow of material may resemble a combination 

of “spiders” and “snakes”. In such a complex supply chain, it might 

make sense for each Tier I supplier to have its own supply chain con-

trol tower, with information being further aggregated at the level of 

the lead firm.

11.	 Not every development in robotics is complementary to human labor. 

The development of prototype robots that can pick goods from 

shelves could lead to robots that would easily replace some workers. 

However, the dexterous movements of the human hand and arm have 

proved difficult to replicate mechanically. This replicates the expe-

rience of the first Industrial Revolution, in which there was approx-

imately an 80-year gap between the development of mechanical 

spinning and the invention of the sewing machine (which still needed 

dexterous human labor). Gordon (2016) reports that in advanced 

robotics competitions, robots still have difficulty opening doorknobs.

12.	 International organizations began developing record formats for EDI 

as early as the 1960s (UN/CEFACT et al 2017). By the 1980s the use of 

EDI for firm-to-firm transactions, both nationally and across borders, 

was widespread.

13.	 The connection for EDI can either be a direct physical (hardwired) 

connection, or implemented over the Internet, or, more recently, take 

the form of a cloud-based solution.

14.	 According to Vrbová et al. (2016) in consignment stock the vendor, 

instead of the buyer, is in charge of managing the buyer’s inventory 

and triggering replenishment orders; in buffer stock the placement 

takes place at a particular critical stage of supply chain; and in safety 

stock it is stored in the final stage of the supply chain.

15.	 This paper will use the older term “warehouse” and the more modern 

term “distribution center” interchangeably, as synonyms. Increas-

ing use of “distribution center” in place of “warehouse” is associ-

ated with the spread of more advanced techniques of supply chain 

management.

16.	 Besides e-commerce, “non-store retailers” includes such firms as 

direct sales (i.e. door-to-door or house parties) and vending machines.
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