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Abstract

Developments in technology and understanding of how things work have revo-
lutionized industry across many parts of the world. To the extent that the first
machine—the steam engine—is all but obsolete now. Over three stages, three
industrial revolutions have taken place, and we are at the beginning of the fourth,
called Industry 4.0. This paper describes the overall scenarios that have come and
gone in industry, how industry has sought to improve cost, quality, and speed by
improving methods of production. “Integrated Manufacturing” and “Integrated
Organizations” have been promoted by the likes of the Malcolm Baldrige per-
formance excellence models, which have made many Fortune 500 organizations
achieve the TBL (triple bottom line) objectives, which promote sustainability. The
paper describes is some details the core concepts of an “integrated organization,”
and how IOT, Al, ML etc. will further drive “integration,” so that the achievements
of TBL objectives of companies will become faster and reach very high levels.

Introduction

ince the early 1800s industrial way of

life has occupied the thoughts and
energies of countries. Inventors, scien-
tists, businessmen, and politicians have
been involved in developing methods
to promote industrial production whose
primary purpose was to mass-produce
goods so that they can reach larger and
larger markets and consumers. In the pro-
cess, an economy largely dependent on
the wealth generated by such activities
provided for the appearance of the “wel-
fare state” Countries in the west led the
creation of wealth through industry, and
ensured that large parts of their popu-
lation could improve their standards of
living. Over the years, cost pressures, new
technologies, new products together have
created an enormous explosion in the
types and numbers of goods produced,
and the ways in which these have been
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put into the market. We have seen three
“industrial revolutions” already, including
the computer age, followed by the latest,
“Industry 4.0” which is defining the new
rules for integrated manufacturing. To-
gether with Internet of Things, Artificial
Intelligence, Machine Learning, and ad-
vancements in production technologies,
the world is now at the cusp of the next
“industrial revolution.”This will create the
“integrated manufacturing” units of to-
morrow, which will provide a platform for
sustainable development, which is the ul-
timate goal.

The four quadrants of progress

Industry 4.0 is arriving soon in India. The
initial signs are beginning to blossom. Glo-
bal industry has moved from 1.0 to 3.0 in
about 250 years, and now, from 3.0 to 4.0
is set to happen. While Industry 1.0 lasted
for about 150 years, Industry 2.0 lasted 70
years, and Industry 3.0 has lasted all of 50

years, till date. However, Industry 3.0 has
already become Industry 3.5, due to the
increasing role played by internet, cell
phones, telecom interconnectivity, and
data transmission and processing/ana-
lysis. Big Data and Data Analytics have
started to shake the foundations of In-
dustry 3.0, to advance it to Industry 3.5,
and now, these and other progressives will
propel us forward into the next era (see
Figure 1).

Industry 3.0 was dominated by Informa-
tion Technology (IT). While Industry 2.0
was the engineers delight, Industry 3.0
became the computer engineers fief-
dom, with advancements in IT leading to
growth, productivity, new products, im-
proved market interactions, speedy feed-
backs, all leading to the practice of“closed
loop” manufacturing. Such an approach
suited the Plan-Do-Check-Act (PDCA)
methodology, which had come to dom-
inate industrial thinking in this phase of
industrial development. While PDCA be-
came the backbone of competition, be-
ginning 1950, after the solid foundational
work done by Dr Deming, Dr Juran, Dr Ishi-
kawa, Dr Crosby, Dr Shewhart, and others,
it was the advent of Industry 3.0 in 1970s
which gave a great push to “world class”
manufacturing (see, for example, Artemis
etal., 1990).

World class manufacturing

World class manufacturing was a termin-
ology coined after the declaration of the
Malcolm Baldrige modelin 1987 (nist.gov/
Baldrige).Theideawasto create world class
companies through the mechanism of
business excellence, whose basic premise
was to practice 11 core values. These core
values were identified as: Visionary lead-
ership, Customer-centered excellence,
Valuing people, Organizational learning
and agility, Focus on success, Managing for
innovation, Management by fact, Societal
contributions, Ethics and transparency,
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Figure 1: Way Forward From Industry 3.0
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Figure 2: Framework for the Malcolm Baldrige Model for performance

excellence

Systems perspective, Delivering valueand
results. Adopting these core values, com-
panies were able to develop an“integrated
organization” over time, which led to all
round, holistic, responsive, and proactive
excellence. Knowledge Management and
Information and Analysis formed the foun-
dation of the excellence model, as shown
in Figure 2 below:

The measurement and analysis part was
strengthened considerably with the ad-
vent of IT into the processes which gov-
erned the day-to-day management of

companies.“Mass IT usage,’signifying the
extensive use of IT in all areas of work in
an organization, led to speedy information
transfer, quick analysis, more frequent,
customized reports generation which
then were used for decision making. The
practice of the core values intensified due
to the “Mass IT Usage,” which, in turn, led
to the creation of “Integrated Organiza-
tions”Suchintegrated organizations were
responsive, efficient, proactive and func-
tioned on the basis of well-defined meth-
odologies as prescribed by ISO and other

relevant systems standards. The pinnacle
of the excellence movement was achieved
through Industry 3.0 by around 2000 (see,
forexample, Muthuraman and Jayaraman,
2014)

Sometime in 1994, the triple bottom line
(TBL) concept was enunciated, and, sub-
sequently, criteria for evaluating how
organizations addressed the TBL were in-
cluded in the Baldrige Model. This inclu-
sion increased the scope of work for creat-
ing “world class” organizations. Whereas,
earlier, the intention to create world class
organizations was limited to their eco-
nomic activities, the TBL concept called
for the creation of a socially responsible
and environmentally friendly organiza-
tion, in addition to their being successful
in the economic marketplace. Address-
ing all three would lead to sustainability,
both in economic and societal spheres.
Thus, the TBL made possible truly holistic
excellence in organizations, with the goal
of sustainability being supreme. While
organizations used Operations Strategies
to achieve sustainable business competi-
tiveness in the marketplace, the TBL put
additional requirements on Operations
Strategies to become holistic (R. Jayara-
man, paper presented at a conference in
Vishakhapatnam, 2019)

TBL, World class
manufacturing, and Industry
4.0

While Industry 3.0 was adequate for creat-
ing economically successful organizations,
the TBL demands put an additional strain
on organizational profits and profitability.
Costsincurred on CSR and environmental
friendliness could not be recovered, par-
tially or fully, from customers, who were
already looking for better value propo-
sitions. Increasing prices was out of the
question, and companies had to find new
value propositions through other means.
That's when Industry 4.0 was resorted to.

Since technology had become ubiquitous,
and IT had gained wide usage, and experi-
ence gained, the nextdevelopment was the
learning of abilities to utilize the IT-gener-
ated data, information, and automation, to
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improve company operations, in a system-
aticway,onahugescale neverimagined be-
fore.One of the firstfew companies to bene-
fit from Industry 4.0 were the eCommerce
organizations like Amazon, Flipkart, FedEx,
UPS, and others, who used the internet
and the worldwide webs to create a virtual
marketplace. With heightened connectivity,
with a 24*7 internet, the global village be-
came a reality. Many companies could do
24*7 work using telecom-supported con-
nectivity, software-driven networks, and
newly developed software programs to pro-
cess voluminous POS (Point of Sale) data, to
aid decision making and profit making. As
shown in Figure 1, there were two possible
directions to move forward from Industry
3.0. One, use more IT through Artificial in-
telligence (Al), machine learning, automa-
tion, interconnected machine networks to
greatly improve manufacturing efficiencies.

The improvement is achieved in many
ways. Al controls can be pre-programmed,
using algorithms developed through ex-
periences and theoretical frameworks,
thus becoming “intelligent controllers,”
many times replacing human interven-
tions, and, which will “never make a mis-
take, never flag in performance rate, and
make on-line, real-time corrections as
needed, determined through feedback, to
keep the output profiles constant.” Such
manufacturing systems make for low cost,
high volume combinatories, very useful
in competitive markets. Al enables con-
necting several machines to each other,
thereby creating “intelligent networks,”
which can become self-driven factories.
Human interventions can shift to other
areas, such as, Al design, maintenance,
developments, and continuous improve-
ments. Designing “networked factories”
will become a hallmark of Industry 4.0.

The other way is to go in for “data-driven
operations,” which essentially means that,
capture data from various machines, from
the marketplace, from vendors etc., and
use data analytic tools to derive inferenc-
es and conclusions, and use them in the
processes to obtain improvements and
responsiveness. This method does not ne-
cessarily make use of networked machines,
Al-driven equipment, which, at least to
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begin with, can involve long efforts and
high costs. However, closed loop efficien-
cies can be achieved through data analyt-
ics, establishing appropriate connectivity,
and then reprogramming the IT driving the
machines. In single machine instances, or
self-controlled devices, closed looping can
be done without resort to Al. A sensor-con-
troller mechanism should do the job, as is
already being done by many climate con-
trol devices, such as, air conditioners.

In both of these alternatives, the Figure 1
shows that the next step would be “inte-
grated manufacturing,"which uses features
from both the alternatives, Al-driven ma-
chines, and POS (Point of Sales) and other
data-driven decisions, and algorithms to
improve and integrate. Only such a com-
bination will lead ultimately to aresponsive
and proactive TBL sustainable business. A
description of what the “integrated manu-

facturing” could mean in future organiza-
tions is given in Jayaraman et al. (2018).

Big Data analytics and Industry 4.0

While data analytics was used in Industry
3.0, Big Data Analytics has changed the
scenario. Higher data processing speeds,
advancements in hardware like clouds,
high storage devices, high-speed data
transmission media like 4G, have enabled
data crunchers to collect and analyze data
like never before. Figure 3 shows the cur-
rent scenario of the adoption of Big Data
Analytics in industry.

Figure 3 clearly shows that, in the long
term, high data analytics usage is the
way forward, any other path will lead to
“death.The“survive”quadrantis valid only
in the short term. This is mainly because
Big Data Analytics takes a different view
of business, as opposed to the current,
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Figure 3: The Big Data Analytics Imperative in Industry 4.0
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Figure 4: Value Creation and Data Analytics
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Industry 3.0 view. The word “integration”
acquires a new meaning in Industry 4.0.
The combination of several data cap-
ture points, speedy transmission of all
such data, collation and analysis using
powerful algorithms developed specif-

ically for the purpose, Al-driven closed
loop responsive machines, all make for
a“mass customization” reality, which has
been missing in Industry 3.0. In fact, many
companies have tried and failed in their
mass customization efforts using Indus-
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try 3.0 basis. Inadequate data collection,
inadequacy of algorithms to analyze, lack
of speedy transmission and, ultimately, a
complete lack of a responsive networked
machine structure to make use of the deci-
sions from data analytic tools speedilyand
integrally, have made Industry 3.0 unsuit-
able for mass customization. However, the
future will surely be driven by mass cus-
tomization, and companies must respond
to this demand.

Integrated manufacturing, Big
Data Analytics, and Industry 4.0

The ultimate goal of excellence in hol-
istic manufacturing, is “integrated
manufacturing” Such manufacturing is
takt time-driven, responsive, self-adjust-
ing, and able to meet mass customization
needs. Right since inception of the Bald-
rige model, many companies have tried

Figure 5: Data Analytics and Integrated Manufacturing to create value using‘integrated manufac-
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turing,” many achieved a good degree of
success, but, as mentioned earlier, the TBL
changed the goal post. Just like the Bharat
|, Bharat Il etc. series of specifications shift
the goal post to drive auto companies to
achieve higher and sustainability promot-
ing standards, TBL has acted as a driver of
continuous value creation, to achieve the
objective of creating a livable planet. In
India, many corporate houses have used
the concept of TBL to drive down effluents,
improve quality of air, serve communities,
and contribute to social obligations. The
government’sintroduction of the“Corpor-
ate Social Responsibility”tax (CSR tax) has
enabled organizations to channelize their
energies in a focused manner to achieve
TBL and sustainability goals. Companies
like Tata Steel already had a variety of CSR
activities, like Tata Steel town (Jamshed-
pur), Tata Motors contributes actively to
villages in and around Jamshedpur and
Pune, NTPC and SAIL run several town-
ships, TVS group, HCL, Infosys, and Wipro
run foundations to conduct CSR activities.
Apartfrom being economically profitable,
these and other companies in India have
also addressed the other two pillars of TBL
also.

Industry 4.0 is poised to further contrib-
ute to this effort, and data analytics is a
key pillar of Industry 4.0. Figure 4 shows
that integrated manufacturing and data
analyticsgohandinhand,and, in caseany
one of them is deficient, value creation is
hampered. Here, value creation is used in

the sense of an organization delivering
TBL compliant outputs.

Figure 5 also conveys the same theme, but
with the addition of some of the details of
data analytics.

Integrated manufacturing is the essence
of Industry 4.0. TBL compliance can be
achieved only through integrated man-
ufacturing. Big Data Analytics (or Data
Analytics) is a key piece in this scenario; it
drives, and, in turn, is driven by the needs
of integrated manufacturing. Already,
considerable advancements have been
made in both these areas. However, the
gaps in Al, machine learning, IIOT, and
development of new business models
which can “carry the load of the TBL re-
quirements” and still remain profitable,
are evolving. The benefits due to the new
developments in computer and related
technologies will surely provide a chan-
nel for making Industry 4.0 happen. The
current status is shown in Figure 6 below:

Conclusion

It is evident that Industry 4.0 will eventu-
ally be ushered in by all organizations, for
several important reasons. One, the re-
quired technology elements are available
and use of these will provide low-cost,
large variety products in small batches to
address mass-customized products. Sec-
ond, the big data ability will enable organi-
zations to collect and analyze information
and data efficiently and usefully. Third, ap-
plications development will lead to apps,

which can be directly downloaded with-
out expensive R&D by individual organi-
zations. Speed of new products introduc-
tion, larger variety, catering to individual
customer likes and dislikes will become
possible. Waste will reduce considerably
due to the highly responsive equipment
which will be controlled by high-speed
computers linked through clouds. This
will enable simultaneous manufactur-
ing, zero-defect production, and tailored
product and service regimes. All these
developments which will be possible
through integrated manufacturing fore-
tell of a pleasanter way of life in the years
ahead.
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Global Technology Governance Report 2021:
Harnessing Fourth Industrial Revolution Technologies in a COVID-19 World

An essential consideration for government, business and civil society is how technologies are harnessed and regulated
to accelerate growth, encourage innovation and build resiliency in the wake of COVID-19. How governments and
other stakeholders approach the governance of technologies will play an important role in how we reset society, the
economy and the business environment.

This World Economic Forum (WEF) report examines some of the most important applications of Fourth Industrial
Revolution technologies if we are to thrive in a post-pandemic world and the governance challenges that should be
addressed for these technologies to reach their potential. The technology areas it focuses on are artificial intelligence,
blockchain, internet of things, mobility and drones and unmanned air systems.

For more information, access:

\_ http://www3.weforum.org/docs/WEF_Global_Technology_Governance_2020.pdf Y,
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