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Smart Factory 4.0: Material handling in the factory of the future

The “Fourth Industrial Revolution” refers 
to the concept that there have been four 

identifiable industrial revolutions in history. 
The first was brought about by steam 

and mechanisation; the second resulted 
from electrification; the third was caused 
by computerisation; and the current, fourth 
industrial revolution – or Industry 4.0 – 
combine all of technological advances of the 
previous three as well as a bewildering array 
of new and emerging developments. 

These developments include technologies 
which would otherwise seem diverse, 
such as mobile supercomputing, neuro-
technological brain enhancements, genetic 
editing, augmented and virtual reality, brain-
to-computer or brain-to-machine interfaces, 
self-driving vehicles, and a whole lot more. 

However, in this white paper, we will 
concentrate on technologies that are 
categorised under another, related umbrella 
term – the “smart factory”, or “Smart Factory 
4.0”, as we have chosen to call it.  

And Smart Factory 4.0 is fundamentally 
about digitalisation, networking and 
automation – both in terms of hardware as 
well as software. n

May the 
Fourth be 
with you
The Fourth Industrial 
Revolution – or Industry 4.0 
– is well under way, and it’s
bringing about fundamental
changes in many sectors

Audi production line
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The way manufacturers set up their production lines hasn’t 
fundamentally changed much in decades. For example, 

automakers use a linear assembly line where the bodies of 
cars are suspended above a linear production line and moved 
along slowly as robots or workers perform various tasks all the 
way along the line. 

This method has been the main method of assembly for 
around a century, but autonomous mobile robots are now 
challenging this status quo. 

Instead of using what could be described as an “overhead 
conveyor” to move the cars along the assembly line, 
autonomous mobile robots could carry them along instead. 

In fact, instead of a linear assembly line, autonomous 
mobile robots could be used to move the vehicle in a zig-zag or 
meandering pattern, perhaps from one work cell to another, 
delivering and collecting them as and when appropriate. 

The beginnings of this kind of process are being explored 
by Geek+ Robotics, in partnership with an automotive 
manufacturer the company works with. The company’s robots 
are being used to move car bodies along the production 

tential of robotics

New products and extensions 

New business models 

Product development and processes

Customer experience 

Selling and marketing

Channel connectivity

Post-sales support 

Factory and operations 

Supply network and logistics 

Planning and inventory

Business areas affected by Industry 4.0

Products Supply chain Customers

Growth
Opportunities

Efficiency
Source: Deloitte

Deloitte, one of the world’s biggest management consultancy firms, has identified a number of business 
areas which it forecasts will gain the most opportunities from the Industry 4.0 trends in terms of productivity 
increases and efficiency savings – largely because of advanced digitalisation. 

Factories yet to realise full 
potential of robotics
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process without the aid of the overhead crane system or 
indeed any other machinery. 

This kind of innovation would obviously do away with the 
linear production process altogether, and the order in which 
tasks are undertaken and completed could become more 
flexible, which has significant implications for the way factories 
are constructed and equipped. 

Much like the way warehouses now have the option of 
foregoing fixed infrastructure and choosing autonomous 
mobile robots instead, automotive manufacturers, too, can 
think about reducing what can often be expensive investments 
in equipment that is almost permanently part of the building. 

Not only that, autonomous mobile robots can be – and 
increasingly are being – used to move components and parts 
around a manufacturing facility. This is one of the benefits of 
warehouse robots that manufacturers are yet to fully realise. 

However, the dynamics of manufacturing are increasingly 
fluid, or could be said to be in flux – at least in terms of the 
systems of being tested for future application across entire 
operations – so growth of such activity seems inevitable. n

Factories yet to realise 

The industrial sector was relatively 
slow to adopt the internet. 

Now, however, connecting machines 
to each other and the cloud using 
sensors and new communications 
protocols has revolutionised 
production processes. 

Connectivity has also enabled every 
part of a business to collaborate: 
from research and development, 
through the shop floor, to customer 
relations – everyone is connected. 

Everything is being digitised and 
everything is being connected. And 
everything that can be automated 
is being automated. 

However, it could be argued that 
automation is slightly behind the 
other two trends. This is because 
it is more difficult to automate 
physical processes than computer 
processes. Physical movement not 
only generates far more data, it also 
remains primarily a mechanical 
and engineering challenge.

A lot has been said about “big 
data”, or the enormous increase 
in the amount of data the world 
at large is generating. And the 
industrial sector has arguably seen 
the most dramatic increase. 

Everything – from the tiniest 
components to entire factories 
and production processes – is now 
being digitised. This enables a 
granular level of monitoring and, 
therefore, a far higher degree of 
control than ever before. 

Fundamentals of the Smart Factory

Connectivity Digitalisation Automation

There are many technologies converging in the industrial sector, but they can prioritised as being three 
fundamental activities: connectivity; digitalisation; and automation. If one were to identify a specific 
component that has perhaps contributed more than others to the smart factory, it is the sensor.
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US labor productivity annual growth rate 

Source: Deloitte

There has been little 
or no increase in labor 
productivity in America  
over the past six or 
seven years, according 
to research conducted 
by Deloitte. 

The management 
consultancy calculates 
that the increase 
between 2011 
to now has been 
approximately 0.1 
percent. 

These are the years 
Deloitte considers 
the world to be in the 
Industry 4.0 period. 

ove productivity
Implementing smart technologies has enabled factories 

make gains of up to 12 percent, according to a new report by 
Deloitte and the Manufacturers Alliance for Productivity and 
Innovation, or MAPI for short.

The areas in which the gains were achieved include: 
manufacturing output – an important US economic indicator; 
and factory utilization; and labor productivity.

Looking ahead, smart factory initiatives could lead 
manufacturers to experience labor productivity increases of 
4 percent, which represents a three-fold rise over the past 
decade’s average annual growth rate of 0.7 percent (2007-2018). 
By 2030, the annual growth rate of US labor productivity is 
projected to be near 2.3 percent, a level last seen in the 1990s.

US manufacturers with smart factories will likely surpass 
traditional factories with 30 percent higher net labor productivity 
in 2030, and potentially higher profits.

Paul Wellener, US industrial products and construction 
leader, Deloitte, says: “Smart factory initiatives are delivering on 
many of the promised benefits of the fourth industrial revolution. 
Combining digital technologies with the automated solutions of 

Manufacturers looking to improve 
productivity
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US labor productivity annual growth forecast 

Source: MAPI Smart Factory Survey

While MAPI says a 
small number of 
manufacturers have 
achieved significant 
productivity 
gains through the 
implementation 
of smart factory 
technologies, the 
overall growth rate the 
consultant forecasts is 
modest – although not 
in negative territory. 

From 2019 through to 
2024, MAPI predicts 
the annual growth rate 
in labor productivity 
will hover around 2 
percent in the US. 

Manufacturers looking t
the past is expected to jump-start manufacturing productivity 
and set a new trajectory of growth for the sector.

“For companies looking to capitalize on smart manufacturing 
as a key competitive advantage, now is a crucial time for action.”

Stephen Gold, president and CEO of MAPI, says: 
“Manufacturing output may be 11 percent of US gross domestic 
product, but its total value chain for the economy is three 
times that. And digital transformation will likely only increase 
manufacturing’s importance and competitiveness.

“This new research provides excellent insights for 
manufacturing leaders trying to propel their digitalization 
journey, regardless of the current state of their operations.”

The survey on which these comments and conclusions are 
based was conducted in the spring of 2019.

Deloitte and MAPI surveyed more than 600 executives at 
manufacturing companies with headquarters in the US and a 
global factory footprint to quantify the impact of smart factories 
on key business metrics including manufacturing productivity.

Data analysis, economic forecast modeling and executive 
interviews with manufacturers conclude that smart factory 
initiatives could be the key to manufacturing competitiveness.

Although 2011 is considered the unofficial start of the fourth 
industrial revolution, US manufacturers have reported zero 
average growth in labor productivity over the past five years — 
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despite continual improvements in equipment, software and 
management approaches.

As the industry grapples with a labor shortage, among other 
challenges, the study and forecasting model suggests smart 
factories could be key to boosting stalled labor productivity and 
unlocking overall productivity gains for manufacturers.

Implementing smart factory initiatives appears to be paying 
off for early adopters.

Self-identified in the study as “trailblazers” — the group is 
investing as much as 65 percent of this fiscal year’s budget on 
smart facility initiatives, which has led to twice the level of 
gains to labor productivity compared to other peer groups.

Smart factory initiatives are accelerating business value 
creation. Companies report up to 12 percent gains in areas like 
manufacturing output, factory utilization and labor productivity 
after they invested in smart factory initiatives.

Moreover, manufacturers with smart factories will likely 
surpass traditional factories with 30 percent higher net labor 
productivity in 2030, and potentially higher profits.

Implementing smart factory initiatives is helping to build 

Although manufacturing 
companies may not see 
themselves as being warehouse 
operators, they obviously have 
significant storage and retrieval 
requirements in their day-to-day 
activities. 

And if the growth in automated 
warehouses in the logistics sector 
is replicated in the manufacturing 
sector, the growth in sales of 
warehouse robots will be even 
more robust than it is already.

Research company ABI 
forecasts that around half of all 
warehouses will be roboticised 
by 2025, all things being equal of 
course.

Warehouses leading the way in automation

Source: ABI Research

United States

2,500

23,000

4,000

50,000

Global

number of 
warehouses

l 2018  l 2025 (projected)

resiliency and is often viewed as a competitive advantage.
However, while more than 86 percent of survey respondents 

believe smart factory technologies will be the main driver of 
manufacturing competitiveness in the next five years, only 
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51 percent of respondents are planning investments or have 
implemented smart factory initiatives.

Of those survey respondents who said they were investing in 
smart manufacturing, quality sensing and detection is cited as 
the most common smart factory initiative, with approximately 
50 percent of respondents saying it’s currently in use.

Foundational technologies, such as data analytics, cloud 
networking, robotics and automation, are well invested – 
approximately 90 percent of respondents are currently 
investing or plan to invest in these technologies.

Meanwhile, interest is evident in emerging technologies, 
including active and passive sensors, internet of things and 
vision systems – greater than 80 percent of respondents are 
investing or plan to invest in these technologies.

One of the biggest challenges of smart factory adoption 
identified by respondents is that many organizations simply do 
not take any action on smart factory investment and initiatives.

Nineteen percent of respondents have not thought about 
smart factory transformation, and 30 percent are thinking 
about it but currently not planning any initiatives. n

Source: Geek+ Robotics

Manufacturers are only now beginning to 
test and implement autonomous mobile robotics for 
their material handling requirements, while in the logistics sector, 
warehouse operators have been benefitting from their application for some time. 

Research by Geek+ Robotics and independent analysts has found that the maxium number of pieces 
that can be picked by a human picker is around 60 to 80 per hour. This number is increased to around 
300 an hour if robotics and automation are used along with the human picker. Walking and manually 
picking orders can account for more than half of the time associated with picking. 

Productivity gains with automation

pieces per hour
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As suggested earlier, the manufacturing sector is obviously 
more preoccupied with designing and making things than 

it is with storing and retrieving things, or indeed material 
handling. This is understandable given that moving things is not 
the most important activity for a manufacturer. 

However, material handling definitely one of the central 
activties, or as Dong Wang, Product Manager in charge of Smart 
Factories at Geek+ Robotics says, “critical”. And perhaps more 
importantly, material handling is probably the area in which 
manufacturers – especially larger ones – can find the highest 
gains in productivity and efficiencies. 

So what can manufacturers do to make their operations more 
intelligent? What technologies are essential?

Wang says: “For manufacturers, one of the critical aspects 

ation of a smart factory

Pictures: on this page and next, 
components configurations of 
Geek+ Robotics’ Smart Factory 
4.0 solution

Interview with Dong Wang, Product 
Manager in charge of Smart Factories 
at Geek+ Robotics

Robots are ‘critical’ to the 
operation of a smart factory
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Robots are ‘critical’ to t of factory operations in logistics, which includes among others 
product line logistics and warehouse management.

“In our factory, we use our robots to both manage the 
materials in our warehouses and to send them to each 
workstation in the production line. 

“We ensure the highest efficiency of every piece of equipment 
in the production line by scheduling our robots to bring the 
materials outside each workstation on time. 

“So I believe the whole logistics management system and 
robot scheduling system is essential. Adding moving robot 
technology is a plus.”

Wang says there are numerous benefits to be found 
in building intelligent or smart operations, both from an 
operational efficiency and productivity point of view as well as 
from a business perspective. 

“There are two key benefits of using intelligent 
manufacturing,” says Wang. “One, multiple products can be 
produced in the same production line by using moving robots 
and automation “islands” instead of conveyor belts, which 

Dong Wang, Product 
Manager in charge of Smart 
Factories at Geek+ Robotics

adds flexibility and reduces the overall investment cost for 
the whole factory. 

“Two, the process can be changed easily and flexibly to 
handle the bottleneck process, which increases the efficiency of 
the whole factory.”
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 New technology is often accompanied by a plethora of 
jargon, and the phrase “smart factory” is often used 
interchangeably or alongside phrases such as “connected 
factory”, “light-out manufacturing”, “cyber-physical systems”, 
“human-robot collaborative operations”, and so on and so forth. 
But while jargon can sometimes be difficult to keep up with, or 
even understand, the bottom line is that robots make a 
significant difference to any operation. 

That difference is usually measurable in many aspects of the 
operation. With autonomous mobile robots, for example, the 
clearly identifiable and quantifiable advantages are in the areas 
of productivity, efficiency and safety – all of which are critical to 
the continued growth and perhaps even survival of a business. 

Moreover, while some new technologies can seem 
fashionable or trendy in a shallow way, automation technologies 
such as mobile robots and their associated software and 
systems are increasingly proving to be essential in keeping up 
with the competition. 

According to Wang, manufacturers need to develop their 

According to Statista, there are 
currently approximately 20,000 
warehouses in operation across the 
US. Further research by Robotics and 
Automation News suggests that a 
slight majority (51 per cent) of these 
are manually operated, meaning they 
contain no significant mechanisation 
or automation. Around a third (32 per 
cent) feature some mechanisation, such 
as forklift trucks and conveyors. And 
a relatively small proportion – we’ve 
probably overestimated it at 17 per cent 
– use advanced automation systems, 
such as autonomous mobile robots. 

intelligent operations in order to stay competitive. Otherwise, not 
only will they get left behind in the short term, the accelerating 
pace of technological developments will mean that the gap to 
the leaders in the market will only get wider. 

Moreover, it may become impossible to continue operating 
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in the way it was done before. For example, as Wang suggest, 
the increasing emergence of “mass customisation” or “batch of 
one” is something that is putting enormous pressures on 
manufacturers. And unless they develop their capabilities in 
that direction now, it may soon be too late. 

Wang says: “In many industries, productivity cannot meet 
new business requirements, including the rising demand for 
small-amount and multi-product requirements. Industrial 
upgrading is needed. 

“Flexible manufacturing solutions with moving robots and a 
new logistics-manufacturing management system are the best 
way to improve productivity. 

“This is why the key words of the Industry 4.0 include big data, 
artificial intelligence and robotics.”  

AI and robotics are making a huge difference to operations of 
all kinds. For example, Geek+ Robotics intergates AI into its 
robots not just for navigation, but also to enable them to decide 
where to locate themselves so they are close to where they will 
be needed – a decision they can change on a daily basis. n

Mobile robots essential to the smart factory
Numerous studies have found that material handling in a manufacturing facility is best done by robots. 
Humans are found to make more mistakes, causing more delays. Manufacturers have found that the 
introduction of an autonomous mobile robot reduces delays by 80 percent*, as well as accelerate the material 
delivery by three times. Additionally, accidents have been shown to be reduced to a minimum. 

*Source: Deloitte
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Many experts have been suggesting for a while that the real 
world and its digital twin are collaborating to bring forth 

something called “mass customisation”, a new manufacturing 
culture which, as the term suggests, will be the basis for a 
massively diverse ecosystem of engineered products in the future. 

The concept of “mass customisation” – also referred to as 
“batch of one” – holds that, in the future, manufacturers of all 
sizes will           connectivity, digitalisation and automation 
technologies to tailor their products to each and every customer’s 
specific requirements, no matter how much individualisation is 
required. 

This may seem overly optimistic and may never happen, but 
the trend towards it is making manufacturers more flexible in 
their operations and more responsive towards their customers. 
And in both these areas, autonomous mobile robots will be 

Cyber-physical systems 
and robots from the future

have 
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                   ensure fast, accurate and efficient material 
handling all along the supply chain. 

Industry experts have been trying to articulate the trend taking 
shape and how they, in turn, will shape all our futures. And 
while there may be plenty of room for debate about what exactly 
tomorrow’s world holds for us, there’s general consensus on the 
core technologies reshaping manufacturing’s future. And they 
include:
n robots; 
n autonomous mobile vehicles;
n big data;
n digital fabrication;
n smart sensors and networks;
n and artificial intelligence.

In this white paper, we have tried to only concentrate on 
essential technologies relating to smart factories, but even then, 
we have had to leave out some critical components – sensors 
being one of them. 

But one thing has become clear to most people: a huge range 
of diverse technologies are being applied to manufacturing and 
related sectors. And while some may not like jargon, these 
developments are categorised in the catch-all term Industry 4.0, 
which itself refers to the idea that the world is going through the 
fourth industrial revolution.

Just to recap:
n the first industrial revolution was brought about by 
mechanisation and steam power;
n the second industrial revolution was essentially about 
electrification and mass manufacturing;
n the third industrial revolution is said to have been led by 
computers and automation systems; and
n the fourth industrial revolution is where everything is connected 
together into what are called “cyber-physical systems” – meaning 
the integration of software and hardware and even humans.

As Steve Shepley, principal at Deloitte, puts it: “Industry 
4.0 really references the next revolution in manufacturing, 
which, simply defined, is mapping the physical and digital 
world together.” n

“Flexible manufacturing solutions with moving robots and a new 
logistics-manufacturing management system are the best way to 
improve productivity. This is why the key words of the Industry 4.0 
include big data, artificial intelligence and robotics”
Dong Wang, Geek+ Robotics

essential – to 
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