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Introduction

RECENT years have seen the rise of connected 
technologies throughout the manufacturing 
and distribution value chain.1 This marriage 

of digital and physical systems—known as Industry 
4.0—has paved the way for increasingly connected 
experiences that impact everything from product 
design and planning to supply chain and produc-
tion.2 Beyond the processes of designing and pro-
ducing goods, however, the technologies inherent 
in Industry 4.0 can also 
impact the manner in 
which finished goods 
are moved, warehoused, 
and distributed. 

Industry 4.0 technolo-
gies enable warehousing 
facilities to adapt to sig-
nificant changes in their 
business. The last sev-
eral years have seen the 
migration away from 
warehouse-based stock-
piling of inventory to 
high-velocity operations, 
pushing more products 
through the same physi-
cal assets while bringing 
down overall  costs. 
Known as distribution 
centers (DCs) rather than warehouses, they are an 
important component of the supply chain infra-
structure and are increasingly treated no longer as 
cost centers, but rather as strategic facilities to pro-
vide competitive advantage. As the need for greater 
order customization, shorter lead times, better 
quality control, reduced labor costs, and higher pro-
duction output is increasing, adaptable advanced 
technologies are emerging as a solution to achieve 
these goals.

The use of advanced, connected technologies in 
DCs is not new. In the past, these technologies were 

mainly limited to automated systems used to in-
crease material-handling productivity—systems that 
had to be kept separate from workers for safety,3  and 
that required high standardization of processes and 
products due to their lack of adaptability. This lack 
of adaptability—or “smartness”—meant that a great 
deal of upfront customization and programming 
was required to ensure proper functioning, as sys-
tems could not adapt easily to changing demands.4 

Industry 4.0 technologies 
can help pave the way for 
the evolving DC, enabling 
automated systems to 
adapt to their environ-
ment and tackle tasks 
more efficiently, while 
working with humans. 
Technologies such as low-
cost sensors, computer 
vision, augmented reality 
(AR), wearables, Internet 
of Things (IoT),5 robotic 
prehensility, human-ro-
bot safety, analytics, and 
high-performance com-
puting—all inherent in 
Industry 4.0—are being 
used to enhance existing 
automation. At the same 

time, they are also enabling new types of smart auto-
mation that can help transform DC operations. 

In this paper, we examine the evolution in DC 
functionality and explore applications of emerging 
Industry 4.0–driven technologies to enable a more 
flexible, adaptive, and productive DC. Finally, we 
consider the ways in which these new technologies 
will impact talent needs, business strategies, and 
data management for DCs.

Beyond the processes 
of designing and 

producing goods, the 
technologies inherent 

in Industry 4.0 can also 
impact the manner in 
which finished goods 

are moved, warehoused, 
and distributed.
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DIGITAL MANUFACTURING ENTERPRISES AND INDUSTRY 4.0 

The Industry 4.0 technologies that enable digital manufacturing enterprises (DME) and digital supply 
networks (DSN) involve the integration of digital information from many different sources and 
locations to drive the physical act of manufacturing and distribution. This integration of information 
technology (IT) and operations technology (OT) is marked by a shift toward a physical-to-digital-to-
physical connection. Industry 4.0 combines the IoT and relevant physical and digital technologies, 
including analytics, additive manufacturing, robotics, high-performance computing, artificial 
intelligence and cognitive technologies, advanced materials, and AR,6 to complete that cycle and 
digitize business operations. 

The concept of Industry 4.0 incorporates and extends the IoT within the context of the physical 
world—the physical-to-digital and digital-to-physical leaps that are somewhat unique to 
manufacturing and supply chain/supply network processes (figure 1). It is the leap from digital 
back to physical—from connected, digital technologies to the creation of a physical object—that 
constitutes the essence of Industry 4.0 that underpins DME and DSN.7

Even as we explore the ways in which information creates value, however, it is important to 
understand value creation from the perspective of the manufacturing value chain. Throughout the 
manufacturing and distribution value network, business outcomes may emerge from the integration 
of IT and OT via Industry 4.0 applications. 

For further information, visit Industry 4.0 and manufacturing ecosystems: Exploring the world of 
connected enterprises.8  

Graphic: Deloitte University Press  |  DUPress.com
Source: Center for Integrated Research.

Figure 1. The physical-to-digital-to-physical leap of Industry 4.0

1. Establish a 
digital record
Capture information 
from the physical 
world to create a 
digital record of the 
physical operation 
and supply network

2. Analyze and visualize
Machines talk to each other to 
share information, allowing for 
advanced analytics and  
visualizations of real-time data 
from multiple sources

3. Generate movement
Apply algorithms and 
automation to translate 
decisions and actions from the 
digital world into movements 
in the physical world
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The evolution of automation
New demands on distribution centers

AUTOMATION has long provided cost-effec-
tive solutions for meeting market needs, 
such as space savings and improved produc-

tivity. For example, automated depalletization and 
palletization processes, as well as pallet or case stor-
age, are increasingly being adopted by DCs because 
they offer very low costs for high-volume and stan-
dardized products.9 Likewise, dock unloading and 
loading can also be fully supported by automated 
equipment, although it requires standardized trail-
ers, products and containers, and high throughput 
to ensure economic viability. 

Historically, however, automation in DCs has been 
limited, allowing only for similar product shape 
and type handling and requiring high levels of stan-
dardization, as in the examples described above. 
Additionally, many robots and automated systems 
have been kept separate and cordoned off from 
human workers due to safety concerns, limiting 
the ways in which these tools could streamline and 
improve warehouse processes.10 Thus, while automa-
tion could speed processes and lower costs, it could 
only do so under highly prescribed conditions. 

At the same time, the ways in which DC facilities are 
being used are changing. This evolution is, in turn, 

driving a growing need for smarter, more adaptable 
automation. DCs are expected to accommodate a 
shorter, faster supply chain by supporting shortened 
product life cycles, and to move products as quickly 
as possible, so much so that DCs now are also known 
as “throughput centers.”11 They are increasingly ex-
pected to offer critical supply chain capabilities such 
as omnichannel capabilities, reverse logistics, return 
handling, and value-added services ranging from 
product assembly to product labelling, repacking, 
and repair. In addition, DCs are also increasingly 
expected to store a broader range of products with 
specific requirements in terms of dimensions, tem-
perature, fragility, and safety obligations.12 While this 
increases the range of products that can be handled, 
it also increases the resources needed to handle them 
to support the value-added services.

E-commerce fulfillment centers perhaps best typify 
the above challenges: They experience fast-enough 
throughput to justify automation, but they also must 
house a wide variety of extremely diverse products 
and endure volatile seasonal demand. Thus smart 
automation should be highly flexible in terms of 
product handling, as well as be able to adapt to vari-
able demand and to interact with other systems and 

As the evolving needs of DCs move beyond the 
capabilities of simple automation, the risks—
of damaged, expired, or lost products, too-
slow processing, and other inefficiencies—

and productivity challenges grow.
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Table 1. Core impacts of Industry 4.0 on DCs

Product impact Key objectives Transformational plays

Business operations

Improve productivity • Removing or reducing delays and improving 
response time

• Maximizing asset utilization and minimizing 
downtime

• Automating activities
• Driving further direct and indirect labor 

efficiency

Reduce risk

Source: Deloitte analysis. Graphic: Deloitte University Press  |  DUPress.com

human employees during peak demand periods 
that may require additional resources to handle in-
creased workloads. These pressures, in turn, make 
the facilities more complex and their actions more 
labor-intensive. 

As the evolving needs of DCs move beyond the capa-
bilities of simple automation, the risks—of damaged, 

expired, or lost products, too-slow processing, and 
other inefficiencies—and productivity challenges 
grow. Industry 4.0 technologies can allow DCs to 
evolve to meet the new demands placed upon them, 
while improving productivity and reducing risk 
through much more reliable and consistent produc-
tivity and output (table 1).

Transforming distribution operations through innovation
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Going from automated to  
truly "smart"
Using Industry 4.0 technologies to adapt to changing  
DC demands

MEETING the objectives and enabling the 
benefits described in table 1 necessitates 
the implementation of intelligent monitor-

ing and control technologies capable of managing 
and optimizing supply chain networks and adapting 
to the new demands placed upon DCs. Advance-
ments in Industry 4.0 technologies have made it 
possible for DCs to leverage both standalone and 
integrated automation and other robotic technolo-
gies for truly intelligent systems—while working 
safely alongside humans.13

Many new Industry 4.0–driven technological 
advancements (such as vision picking) are evolu-
tions of current technologies (such as voice picking) 
deemed to be standard capabilities in most tech-
nologically current DCs. Several other, more novel 
technologies are in the development phase and may 
be only a few years away from more widespread use. 
Each, however, harnesses smart Industry 4.0 tech-
nologies, such as sensors, artificial intelligence, AR, 
and autonomous vehicles, to create a more adapt-
able facility. Notable technologies include:

• Vision picking as an extension of voice picking 
via AR

• Adaptive robots and connected automated 
guided vehicles

• Semiautonomous, flexible machines for value-
added services

• Fully automated picking and quality assurance 
to adjust to rapid changes in demand 

• Next-generation distribution operation systems

• Smart, automated facility management for 
greater efficiency

• Safety enhancements and modularity

From voice picking to 
vision picking via AR 

VOICE PICKING

Also known as voice-directed warehousing, voice 
picking uses speech recognition to direct warehouse 
workers where to go and how to find desired objects 
in a DC. Using voice picking rather than scanning 
barcodes, completing paper documentation, or typ-
ing in a computer system frees up workers’ hands 
and enables them to work more efficiently and 
quickly.14 Voice-centric solutions have helped DC 
operations redefine and streamline processes and 
further reduce operational costs. Further produc-
tivity gains achieved from voice picking include 
improved accuracy in processes such as replenish-
ment, processing, and loading. Voice picking can 
also improve worker flexibility, enabling them to 
condense tasks and work across multiple warehous-
es to cope with seasonality. 

VISION PICKING

Vision picking represents an evolution in the pro-
cess toward less standardized activities. Vision pick-
ing uses AR to overlay graphical images over work-
ers’ line of vision, enhancing the view of physical 
objects with additional information and providing 
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digital information about physical objects.15 Vision 
picking often also provides a real-time user inter-
face capability with objects and digital devices and 
can be used within warehousing operations, trans-
portation optimization, last-mile delivery, and 
enhanced value-added services. 

Although AR and vision picking are in relatively early 
stages of adoption in logistics, the technology could 
offer significant benefits. It can enable users to find 
objects faster and more accurately, reducing costs 
and lowering inefficiencies. DHL and Ricoh, for 
example, tested the devices in a Netherlands ware-
house and observed a 25 percent increase in picking 
efficiency during the test-
ing period.16 The process 
is also hands-, scanner-, 
and paper-free, and has 
the potential to reduce 
training time for new 
employees and bridge 
language barriers with 
staff.17 It can also reduce 
the need to segregate dif-
ferent types of products 
as well as help identify 
the precise positioning 
of one case among many. 
This can greatly impact 
warehouse layout, and 
receiving and putaway 
productivities. 

Several companies are 
in the late field-test phase of mobile AR tools, such 
as head-mounted display cameras.18 Some of these 
vision-picking systems offer real-time object rec-
ognition, barcode reading, indoor navigation, and 
integration of information with the warehouse 
management system (WMS).19 Vision systems may 
also offer features such as digital picking lists in 
the picker’s field of vision via augmented-reality-
enabled glasses that show the best route for com-
pleting the task, thus reducing total travel time. 
The system’s image recognition software could use 
automated barcode scanning capabilities to check 
whether the worker has arrived at the right loca-
tion, and then guide the worker to the shelf with the 
right item. The worker can then scan the item and 

register this process simultaneously in the WMS, 
enabling real-time stock updates.20

Adaptive robots and 
connected automated 
guided vehicles 
Although assembly lines and automation worked 
fine for repetitive tasks, changes in shopping behav-
iors, increasingly complex demands on DCs, and the 
wide variety of objects contained in a facility neces-
sitate a smarter, more flexible solution. Typically, 

automated guided vehi-
cles (AGVs) are used to 
transport goods through-
out the warehouse by fol-
lowing markers or other 
navigation guides.21 
These advanced sensor 
technologies, coupled 
with connectivity, enable 
robots to adjust to their 
surroundings and even 
correct for errors they 
may encounter, estab-
lishing a digital record 
about the physical envi-
ronment and using it to 
generate how they move 
about the physical space.

Amazon Robotics, for-
merly Kiva Systems, has designed robots to move 
racks irrespective of product size and shape of 
objects within the racks. The robots—or pods—
are controlled by a centralized computer using a 
secured Wi-Fi network for communication. They 
use infrared technology for obstacle detection and 
floor cameras to read QR codes on the ground to 
determine their location and direction. The key to 
the robotic warehouse’s success is not the robot but 
the brain behind the system; robots can learn, self-
adjust, and “crowdsource” (aggregate and share 
data from other pods to troubleshoot issues they 
may encounter).22 Amazon uses the robots in its 
DCs, stating that they improve productivity and jobs 
within its warehouses.23 By the second half of 2015, 
Amazon had deployed more than 30,000 of these 

While many tasks, such 
as visual recognition, 
are still better done 
by humans, current 

developments in 
advanced, automated 

technologies may 
begin to tip the balance 

toward machines.
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robots across 13 facilities.24 The Amazon Robotics 
system can also point workers to objects within the 
factory, speeding picking processes, and can self-
organize the warehouse.25 While the Amazon Robot-
ics system is proprietary, similar technologies are 
available more broadly, such as those that can pick 
individual items from shelves or work alongside 
humans, gathering the objects they pick manually.26 

Another company has autonomous mobile robots, 
called “bots,” that use a mix of sensors and wireless 
communications to autonomously move cases and 
totes around without colliding with each other.27 

These autonomous machines can be reassigned to 
different tasks as required. Their software guides 
them within a configurable and dense storage struc-
ture while maximizing the use of each bot. The bots 
are not only leveraged for tasks such as transpor-
tation of products to and from storage, but also 
for moving products between different processing 
areas, including to fully automated robotic depallet-
ization and palletization areas.

Semiautonomous, flexible 
machines for value-
added services
Several companies are also working on automating 
outbound packaging (bag or box), shipping, and 
gift wrapping for unit picking. One sensor manu-
facturer has designed universal final packaging 
machines using sensor detection technology with 
automatic format adjustment capabilities.28 The 
sensors embedded in these machines can detect 
changes in product characteristics such as size and 
shape, and automatically notify the control system 
to reset the packaging configuration to ensure the 
correct packing box is used. This smart, automat-
ed process reduces the time required to manually 
change configuration, adjust the machine, and put 
the machine back into operation. Additionally, in 
cases of incorrect classification, the product is auto-
matically rejected without having to stop the system, 
reducing productivity slowdowns. In these cases, 
sensors provide digital information about physi-
cal conditions; that digital information enables the 
machine to adjust its physical movement accord-

ingly. The sensors also provide data to enable pre-
dictive maintenance.

Fully automated picking and 
quality assurance to adjust 
to rapid changes in demand
While many tasks, such as visual recognition, are 
still better done by humans, current developments 
in advanced, automated technologies may begin 
to tip the balance toward machines. For example, 
companies such as Dematic and Invata Intralogis-
tics are working on AS/RS29 multi-shuttle technol-
ogy targeted to DCs experiencing rapid growth and 
changes in product demand profiles. The system is 
flexible and can adapt to almost any shape or size 
building, including existing buildings with lower 
ceilings.30 Another organization is working on fully 
automated picking with its Pick-It-Easy Robot.31 
The device has image recognition and processing 
capabilities, is highly flexible, and can accept almost 
any dimension of source containers. The company 
is also working on developing receiving and order-
picking validation technology, which can perform 
full checks of articles picked automatically, ensur-
ing higher inbound processing accuracy.

Next-generation distribution 
operations systems
The increasing focus on omnichannel capabilities 
places great pressure on DCs to keep up with a 
higher number of orders, including rapid process-
ing, to improve economies of scale and ensure high 
throughput. These throughput pressures are paving 
the way for the emergence of new modular tech-
nologies that bridge real-time, automated materials 
handling systems on the floor (including warehouse 
control software, programmable logical controllers, 
and electrical systems) and complex transactional 
systems that manage orders, customers, and inven-
tory (including WMS and enterprise resource plan-
ning systems). 

These technologies, known as warehouse execution 
systems (WES), optimize warehouse performance 
by constantly monitoring automated assets and bal-

Industry 4.0 and distribution centers

8



ancing them through changes in order fulfillment 
requirements and labor resources.32 WES capabili-
ties span from higher-level functions such as order 
processing and wave management,33 down to more 
traditional WCS-level functions such as routing 
and controlling automated equipment. One critical 
function is called waveless (pull-based) processing, 
where WES constantly receives order requirements 
from host systems and releases the related work to 
the optimal machine and labor resources, rebalanc-
ing the workload if processing in one zone is mov-
ing faster than in other zones.34 In this way, digital 
information drives and adjusts physical movement.

Smart, automated 
facility management 
for greater efficiency
Industry 4.0 technologies are also finding applica-
tions within DC facility management. For example, 
complex and intelligent management systems can 
be remotely controlled to closely monitor environ-
mental features such as humidity or HVAC, and to 
maximize energy efficiency. Sensors can be used by 
IoT applications to gather data about operating con-
ditions. These data points are then analyzed to pro-
actively manage buildings to better ensure efficien-
cy. Those technologies also enable the identification 
of different layers of the building to analyze possible 
interdependence between systems, services, and 
operations. IoT applications and cloud-based devic-
es are expected to ease building management.35 

Safety enhancements 
and modularity 
Safety enhancement is a crucial feature of robot 
actuation and sensors, enabling highly automated 
technologies to operate in an environment in which 
human and robots can work together. Embedded 
sensors automatically detect when a human enters 
or approaches their zone and immediately adjust 
robots’ activity to promote human safety. Humans 
and robots can then work in collaboration in DCs. 
Those technologies maximize machine efficiency 
while allowing for more flexible operations, and 
digitally analyze data to adjust physical movement 
and improve safety.36 

Moreover, Industry 4.0 eases programming of auto-
mation equipment with capabilities such as over-
the-air updates. It also paves the way for modular-
ity, allowing robots to self-reconfigure to perform 
different tasks and to adapt to new conditions.37 

Robots can thus evolve in a constantly changing DC 
environment by dynamically tailoring themselves 
to various tasks and being redeployed on differ-
ent duties as needed, without more programming 
or integration. They can also adapt to hazardous 
environments and handle items of various sizes and 
positions. 

Transforming distribution operations through innovation
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EACH technological advancement has the 
potential to transform the DC in meaningful 
ways: making it more flexible, efficient, com-

petitive, and increasing the role it plays along the 
manufacturing and distribution value chain. Indus-
try 4.0–driven technologies such as those described 
here can be leveraged to transform the supply chain; 
with respect to DC, Industry 4.0–driven transfor-
mations to supply networks and logistics are more 
broadly relevant. Yet it is important to note that DC 
operators can leverage smart, automated technolo-
gies to realize additional benefits, using information 
from throughout the supply chain to inform DC 
operations, and vice versa. 

Below, we discuss the impacts of Industry 4.0–driv-
en transformations in planning and inventory, and 
supply networks and logistics, as well as their im-
pact on DC growth and innovation.

Information shared 
inside the organization 
and across the chain
Within the supply chain, Industry 4.0 technologies 
can enable organizations to better plan for demand 
and more accurately manage inventory within the 
DC. This is due, in part, to the higher traceability of 
products enabled by connected technologies.38 

Industry 4.0 technologies can also have an impact 
beyond the confines of the facility, by collecting 
large amounts of operational data and making it 
available to the up- and downstream supply chain. 
This can enhance operations planning, provide valu-
able product information for upstream R&D and 
planning, or even allow business intelligence pro-
grams to guide future improvements in the DC itself. 

Procurement
Industry 4.0 technologies can also impact pro-
curement as well, via the ability to automatically 
compare characteristics of all products received 
such as quantities, weight, dimensions, and colors, 
with expected characteristics (based on purchase 
order data) in order to control for discrepancies. 
In the case of unexpected differences, the entity in 

Integrating the digital and the 
physical in the warehouse
DC transformation has ripple effects 
across the supply chain

Industry 4.0 technologies 
can also have an impact 
beyond the confines of 
the facility, by collecting 

large amounts of 
operational data and 

making it available to the 
up- and downstream 

supply chain.
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charge of compliance can be alerted, or revised char-
acteristics can be automatically updated in inventory 
management systems to ensure accuracy. Solutions 
such as automated depalletizing cells can manage 
receiving processes and automatically communicate 
accuracy-related issues regarding received quanti-
ties, dimension, UPC, weight, color, or condition of 
the product to suppliers, who can make adjustments 
as needed or confirm shipments.

Supply planning and 
optimized resource allocation
Since Industry 4.0 technologies offer the promise 
of gathering and exchanging data through the cloud, 

they can enable real-time sharing of information 
across supply chain stakeholders.39 As a result, the 
accuracy of customers' supply and lead time plan-
ning can be improved due to better visibility of 
inventory levels within DCs. As more smart devices 
exchange information, improved data flow and ac-
tivity synchronization, such as order status updates 
to logistics providers and customers, can help sup-
ply chain stakeholders better allocate resources 
to critical tasks, maximizing the efficiency of sup-
ply chain.40 Additionally, data generated through 
Industry 4.0 technologies can be used for pricing 
optimization, accounting, and billing.41 

Transforming distribution operations through innovation
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THE move toward smarter, more flexible sys-
tems and advanced technologies inherent in 
Industry 4.0 also necessitates a shift within 

the organization itself. While automation technolo-
gies can be configured to match the organization’s 
goals, the organization may likewise need to be 
reshaped to maximize gains from automation. Most 
specifically, the organization may experience chang-
ing talent needs due to the need for a different spec-
trum of qualifications and a growing need for more 
sophisticated data management capabilities. 

Changing talent needs 
Despite the developments in Industry 4.0 technolo-
gies for DCs and the increasing development and use 
of automated technologies, total automation of DC 
operations seems unlikely in the foreseeable future. 
While it would be technically feasible to automate 
day-to-day operations in an ever-increasing num-
ber of situations, full automation is seldom the most 
cost-effective solution, especially when operations 
are not always the same day after day. Peak inven-
tory or throughput periods, one-time value-added 
tasks, and product replacement periods are still 
more effectively addressed with human intervention. 

As the level of automation increases in distribution 
centers and overall labor is reduced, the need for 
highly trained professionals to manage these highly 
automated operations, such as IT engineers, main-
tenance employees, and operations analysts, may 
increase. These roles have consistently been ranked 
as some of the most difficult to fill by employers glob-
ally in the past 10 years, with talent shortages mainly 
due to the lack of available applicants (35 percent), 
lack of technical competencies (34 percent), or 
lack of experience (22 percent). These talent short-
ages are particularly notable among DCs located in 

sparsely populated geographic areas, where there 
may be a smaller talent pool.42 Organizations may 
need to consider approaches to reskilling or upskill-
ing current workers, or training local talent to meet 
the needs of the DC.43 

A growing need for 
data management 
A continuous increase in the number and complexity 
of connected devices, and a corresponding growth in 
information generated, has created more data. This 
wealth of data does not come without its challenges, 
however; organizations must be able to aggregate it 
from numerous sources, store it, analyze it, secure 
it, as well as sort through it to determine what is 
useful.44 Thus design of the system architecture is 
critically important to ensure machines and sys-
tems can interoperate—a challenge when dealing 
with both older and Industry 4.0–driven machinery. 
Moreover, data must be shareable, understandable, 
and able to be processed and updated reliably, all 
while limiting security risks arising from increased 
integration and expanded access between systems.45 

While the troves of data generated through auto-
mated processes can improve DC management, 
managers need advanced tools to support data 
analysis. The tools provided with the applications 
are often limited in terms of variety and depth of 
analysis and can track only operational and system 
KPIs. A newer breed of data analytics and visualiza-
tion tools, however, can be directly connected to the 
ecosystem to gather and analyze terabytes of data. 
Industry 4.0 technologies using complex algorithms, 
pattern recognition, or machine learning capabili-
ties can further use the data to plan and optimize 
operations.

Adapting to a brave new world
Making the transition toward increased DC automation
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AS DCs evolve into an increasingly crucial ele-
ment of the supply chain, they need to adapt 
to new expectations for quickly handling an 

ever-more diverse set of goods—all while perform-
ing additional value-added tasks not traditionally 
associated with warehouses. Current and emerging 
Industry 4.0 technologies can enable greater opera-
tional flexibility, reduce operational costs, drive 
more modular and adaptable automation, and pro-
mote business growth. The transition toward Indus-
try 4.0 technologies in distribution centers will 
drive changes throughout the DC, from reconfigur-
ing the workforce to managing, analyzing, securing, 
and acting upon data. 

As DCs look to implement Industry 4.0 technologies, 
they can:

• Assess current needs within the supply chain 
to determine when and where Industry 4.0–
driven automation can help, and where it may 
be worth waiting. Consider which technologies 
are already available to significantly reduce costs 
and risk, and which investments may be worth 
waiting to make at a later time, when techno-
logical advancements may result in significant 
improvements over current capabilities.

• Develop a talent strategy to address new tal-
ent needs created by Industry 4.0–driven tech-
nologies, and continuously assess the organiza-
tion’s evolving needs to proactively prepare for 
talent gaps that may exist in the future, particu-
larly those focused on maintaining and manag-

ing Industry 4.0–enabled assets.46 This can also 
help DCs evaluate what can be done today to 
find talent that can both support and be ready 
for an increased level of automation.

• Monitor emerging trends that might influ-
ence supply chain requirements or demands on 
DC functionality, examine new opportunities 
to improve distribution operations, and gather 
competitive intelligence to benchmark perfor-
mance and monitor potential market threats. 
This will enable effective planning and decision 
making in a field that will be evolving at a rapid 
pace in the next decade.

• Plan for data management, reliability, 
and security in an increasingly complex sys-
tem. Data management systems are a major 
part of the implementation and functioning of 
Industry 4.0 technologies and should be con-
sidered critical to the success of the endeavor. 
The ability to gather, analyze, act upon, and 
safeguard information is crucial to the Industry 
4.0–driven DC.

The impact of Industry 4.0 technologies on distribu-
tion centers can enable more effective facilities. It is 
critical for leaders to proactively evaluate the impact 
of distribution trends along with the potential ben-
efits of using Industry 4.0 technologies, as this can 
allow executives to plan effectively to meet the busi-
ness’s future objectives in a field that will be rapidly 
changing over the next decade.

Implementing Industry 4.0 
for the distribution center

Transforming distribution operations through innovation

13



ENDNOTES

1. Brenna Sniderman, Monika Mahto, and Mark J. Cotteleer, Industry 4.0 and manufacturing ecosystems: Exploring 
the world of connected enterprises, Deloitte University Press, February 22, 2016, http://dupress.com/articles/
industry-4-0-manufacturing-ecosystems-exploring-world-connected-enterprises/.

2. Tracie Kambies et al., Closing the digital divide: IoT in retail’s transformative potential, Deloitte University Press, 
January 14, 2016, http://dupress.com/articles/internet-of-things-iot-retail-strategies/. 

3. Bart Everett and Douglas W. Gage, “From laboratory to warehouse: Secure robots meet the real world,” Interna-
tional Journal of Robotics Research, June 1999.

4. Lara Sowinski, “The planets align for warehouse automation: Advances in equipment and software offer higher 
levels of flexibility, stability, and overall cost savings,” Food Logistics, January–February 2012.

5. For further information about Deloitte’s perspective on the Internet of Things, see http://dupress.com/collection/
internet-of-things/.

6. Deloitte University Press has published detailed analysis on a number of these technologies; see www.dupress.
com.

7. Germany Trade & Invest, Smart manufacturing for the future, July 2014, http://www.gtai.de/GTAI/Content/EN/In-
vest/_SharedDocs/Downloads/GTAI/Brochures/Industries/industrie4.0-smart-manufacturing-for-the-future-en.
pdf; National Academy of Science and Engineering, “Securing the future of German manufacturing industry: 
Recommendations for implementing the strategic initiative Industry 4.0.”

8. Sniderman, Mahto, and Cotteleer, Industry 4.0 and manufacturing ecosystems.

9. Bob Trebilcock, “Automation: Kroger changes the distribution game,” Modern Materials Handling, July 4, 2010, 
http://www.mmh.com/article/automation_kroger_changes_the_game.

10. Everett and Gage, “From laboratory to warehouse.” 

11. Leslie Hansen Harps, “Best practices in today's distribution center,” Inbound Logistics, May 2005, http://www.
inboundlogistics.com/cms/article/best-practices-in-todays-distribution-center/.

12. Michael Hompel and Thorsten Schmidt, Warehouse Management: Automation and Organisation of Warehouse and 
Order Picking Systems (Berlin/Heidelberg: Springer, 2007), pp. 138–40.

13. Bridget McCrea, “Mobility & robotics in the warehouse: How far have we come?” Modern Materials Handling, 
March 2016.

14. Elliot Maras, “Voice recognition expands beyond order picking,” Food Logistics, June 25, 2015, http://www.foodlo-
gistics.com/article/12080145/voice-recognition-expands-beyond-order-picking.

15. “Google Glass helps warehouse workers see better,” Material Handling & Logistics, August 18, 2015, http://mhl-
news.com/transportation-distribution/google-glass-helps-warehouse-workers-see-better.

16. “‘Vision picking’ in the warehouse: Augmented reality in logistics,” Supply Chain 24/7, January 29, 2015, http://
www.supplychain247.com/article/vision_picking_in_the_warehouse_augmented_reality_in_logistics.

17. Sniderman, Mahto, and Cotteleer, Industry 4.0 and manufacturing ecosystems.

Industry 4.0 and distribution centers

14



18. Warehouse Logistics, “Revolutionary visual picking technology by KNAPP,” December 1, 2010, http://www.
warehouse-logistics.com/57/3/3517/revolutionary-visual-picking-technology-by-knapp.html.

19. Stef Goettler, “Pick-By-Vision: Augmented reality in logistics,” Logistics at MGEPS at UPV, May 18, 2014, https://
logisticsmgepsupv.wordpress.com/2014/05/18/pick-by-vision-augmented-reality-in-logistics/comment-page-1/.

20. R. Reif et al., “Evaluation of an augmented reality supported picking system under practical conditions,” Computer 
Graphics Forum, March 2010.

21. Erico Guizzo, “Three engineers, hundreds of robots, one warehouse,” IEEE Spectrum, July 2, 2008, http://spectrum.
ieee.org/robotics/robotics-software/three-engineers-hundreds-of-robots-one-warehouse.

22. Ibid.

23. Eugene Kim, “Amazon is now using a whole lot more of the robots from the company it bought for $775 million,”  
Business Insider, October 22, 2015, http://www.businessinsider.com/amazon-doubled-the-number-of-kiva-robots- 
2015-10.

24. Frank Tobe, “30,000 robots now work at Amazon; competing systems emerging,” Robot Report, October 28, 2015, 
https://www.therobotreport.com/news/amazon-has-30000-kiva-robots-at-work-alternatives-begin-to-compete.

25. Guizzo, “Three engineers, hundreds of robots, one warehouse.” 

26. Kim Bhasin and Patrick Clark, “How Amazon triggered a robot arms race,” Bloomberg Businessweek, June 29, 2016, 
http://www.bloomberg.com/news/articles/2016-06-29/how-amazon-triggered-a-robot-arms-race.

27. Scott Kirsner, “Symbotic, formerly known as CasePick Systems, de-stealths a bit with a demo of its warehouse 
robots,” Boston.com, January 30, 2012, http://archive.boston.com/business/technology/innoeco/2012/01/sym-
botic_formerly_known_as_cas.html.

28. Tanya M. Anandan, “Intelligent robots: A feast for the senses,” Robotics Online, June 25, 2015, http://www.ro-
botics.org/content-detail.cfm/Industrial-Robotics-Industry-Insights/Intelligent-Robots-A-Feast-for-the-Senses/
content_id/5530. 

29. The term AS/RS refers to “automated service and retrieval system,” a series of interconnected systems that 
automate the placement and retrieval of objects or pallets from a well-defined location.

30. “Automated inventory staging buffer system,” Refrigerated and Frozen Foods, April 20, 2016, http://www.refriger-
atedfrozenfood.com/articles/90568-automated-inventory-staging-buffer-system.

31. Sam Jermy, “Success for KNAPP’s first robotic picking system,” Supply Chain Digital, June 1, 2015, http://www.
supplychaindigital.com/supplychainmanagement/3968/Success-for-KNAPPs-first-robotic-picking-system.

32. Supply Chain 24/7, “Warehouse execution systems: More than a bridge,” March 31, 2016, http://www.sup-
plychain247.com/article/warehouse_execution_systems_more_than_a_bridge/forte_industries.

33. The term “wave management” refers to the process of managing and systematizing the daily stream of tasks or 
shipments within a distribution center.

34. “The catch in going waveless,” Modern Materials Handling, July 1, 2016, http://www.mmh.com/view/the_catch_ 
in_going_waveless/inventory.

35. Intel, “Smarter buildings & homes with the Internet of Things (IOT),” demo brief at Smart Buildings IBcon Confer-
ence, June 2015.

36. Jonathan Katz, “Robots make their move to the warehouse,” Material Handling & Logistics, February 2015.

37. Paul Moubarak and Pinhas Ben-Tzvi, “Modular and reconfigurable mobile robotics,” Journal of Robotics and Au-
tonomous Systems 60, no. 12 (2012): pp. 1648–63.

Transforming distribution operations through innovation

15



38. Joe Mariani, Evan Quasney, and Michael E. Raynor, Forging links into loops: The Internet of Things’ potential to 
recast supply chain management, Deloitte University Press, July 27, 2015, http://dupress.com/articles/internet-of- 
things-supply-chain-management/.

39. Maik Lindner et al., “The cloud supply chain: A framework for information, monitoring, accounting, and billing,” 
presented at Second International ICST Conference on Cloud Computing, Barcelona, Spain, October 2010.

40. Wen Ding, “Study of smart warehouse management system based on the IOT,” Intelligence Computation and 
Evolutionary Computation, 2013, pp. 203–07.

41. Lindner et al., “The cloud supply chain.”

42. Manpower Group, 2015 Talent Shortage Survey, May 2015, http://www.manpowergroup.com/wps/wcm/
connect/408f7067-ba9c-4c98-b0ec-dca74403a802/2015_Talent_Shortage_Surveylo_res.pdf?MOD=AJPERES&Con
tentCache=NONE.

43. Eric Vazquez, Mike Passaretti, and Paul Valenzuela, 3D opportunity for the talent gap: Additive manufac-
turing and the workforce of the future, Deloitte University Press, March 24, 2016, http://dupress.com/
articles/3d-printing-talent-gap-workforce-development/. 

44. Michael E. Raynor and Mark J. Cotteleer, “The more things change: Value creation, value capture, and the 
Internet of things,” Deloitte Review 17, Deloitte University Press, July 27, 2015, http://dupress.com/articles/
value-creation-value-capture-internet-of-things/.

45. Bernard Marr, “What everyone must know about Industry 4.0,” Forbes, June 20, 2016, http://www.forbes.com/
sites/bernardmarr/2016/06/20/what-everyone-must-know-about-industry-4-0/#3822fc344e3b.

46. Vazquez, Passaretti, and Valenzuela, 3D opportunity for the talent gap.

ABOUT DELOITTE'S CENTER FOR 
INTEGRATED RESEARCH

Deloitte's Center for Integrated Research focuses on critical business issues that cut across industry and 
function, from the rapid change of emerging technologies to the consistent factor of human behavior.  We 
uncover deep, rigorously justified insights, delivered to a wide audience in a variety of formats, such as 
research articles, short videos, or in-person workshops.  

Industry 4.0 and distribution centers

16



CONTACTS

Alan Taliaferro
Partner 
Supply Chain Management, Retail 
Industry, Logistics and Distribution
Deloitte Inc.
+1 514 961 2065
ataliaferro@deloitte.ca

Piyush Sampat
Principal
Supply Chain and Manufacturing 
Logistics and Distribution
Deloitte Consulting LLP
+1 816 802 7327
pisampat@deloitte.com

Transforming distribution operations through innovation



About Deloitte University Press 
Deloitte University Press publishes original articles, reports and periodicals that provide insights for businesses, the public 
sector and NGOs. Our goal is to draw upon research and experience from throughout our professional services organization, 
and that of coauthors in academia and business, to advance the conversation on a broad spectrum of topics of interest to 
executives and government leaders.

Deloitte University Press is an imprint of Deloitte Development LLC. 

About this publication  
This publication contains general information only, and none of Deloitte Touche Tohmatsu Limited, its member firms, or its 
and their affiliates are, by means of this publication, rendering accounting, business, financial, investment, legal, tax, or other 
professional advice or services. This publication is not a substitute for such professional advice or services, nor should it 
be used as a basis for any decision or action that may affect your finances or your business. Before making any decision or 
taking any action that may affect your finances or your business, you should consult a qualified professional adviser.

None of Deloitte Touche Tohmatsu Limited, its member firms, or its and their respective affiliates shall be responsible for any 
loss whatsoever sustained by any person who relies on this publication.

About Deloitte 
Deloitte refers to one or more of Deloitte Touche Tohmatsu Limited, a UK private company limited by guarantee, and its 
network of member firms, each of which is a legally separate and independent entity. Please see www.deloitte.com/about 
for a detailed description of the legal structure of Deloitte Touche Tohmatsu Limited and its member firms. Please see www.
deloitte.com/us/about for a detailed description of the legal structure of Deloitte LLP and its subsidiaries. Certain services 
may not be available to attest clients under the rules and regulations of public accounting.

Copyright © 2016 Deloitte Development LLC. All rights reserved. 
Member of Deloitte Touche Tohmatsu Limited

  Follow @DU_Press

Sign up for Deloitte University Press updates at DUPress.com.


