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I. Introduction

Manufacturers are dialing up digital in big
ways. We know we’ve entered a new era of
digital connectivity when a crane toiling
away in Australia senses something’s not
quite right—say, an overload or wonky
brakes—and alerts the manufacturer in
the US, who either resolves the problem
remotely, or sends a text to a field techni-
cian if an on-site maintenance is in order.

This is the ever-widening industrial digital
ecosystem. And, at its heart, is the Internet
of Things (IoT) and its massive instrumen-
talization of the world. Just consider that
there are an estimated five billion Internet-
connected devices globally collecting and
sharing data (and forecast to quadruple
by 2020)—from smart phones and tablets
in the field, cameras or pressure sensors
on oil rigs or optical sensors in steel mills.!
Many threads make up the new digital
fabric, bound by the IoT and everything it
connects including autonomous robotics,
mobile, cloud, big data analytics, 3D
printing, sensor technology, and virtual
and augmented reality, to name the chief
enablers and outcomes.

And, while new technologies are often
employed to make old processes faster and
cheaper, there is a larger effect at play. As
manufacturers go digital, they are also on
paths to fundamentally transform their
business models—and business culture—
through the creation of new products

and service offerings and the forging of
altogether new connections with suppliers,
customers and other manufacturers.

Going Digital: what prizes to be won?
They’re also, of course, keen on mone-
tizing such transformations. To delve into
this—and even peer into the future—PwC
and Strategy& (PwC'’s strategy consulting
practice) surveyed global industrial

products companies. In this, report, we
share findings pertaining to the survey’s US
enterprises, revealing what manufacturers
are doing now in building out their digital
operations and what bottom-line benefits
they expect to yield through those efforts.
Some key findings stand out:

Manufacturers are raising invest-
ment in digital technologies:

In the last two years, US manufacturers
invested an average 2.6% of their annual
revenue in digital technologies. In the next
five years, they expect to lift that invest-
ment to 4.7% of revenue—for an estimated
$350 billion in investments in digital
operation technologies across automotive,
industrial production and manufacturing
industries alone.

Manufacturers expect digital invest-
ments to lower costs, with about four
of ten expecting cost savings from 11% to
30% over the next five years.

They also expect digital investment
to generate new revenue:

Nearly half of manufacturers expect
revenue gains of at least 10% in each of
the following areas: digitization of existing
product portfolio, introducing new digi-
tized product portfolio, big data analytics
and other digital services—over the next
five years.

The greatest risks to having a digital
vision are cultural:

Respondents ranked the top-three barriers
to digital technology adoption as: lack of
digital culture and training, high invest-
ment requirement and lack of digital
operations vision.

As with any new disruption, observers
seek to define it. The German govern-

ment manufactured the brand-friendly
catchphrase “Industry 4.0,” China coined
its industrial policy as “Made in China”
(a 10-year plan to automate and digi-
tize industrial production), and “smart
manufacturing,” a US buzzword, already
sounds quaint. For the purposes of this
report, we will refer to the ever-widening
ecosystem of connected, data-driven and
automated technologies as digital
operations technology.

Whatever the label, the trend is real,
forceful and momentous. Indeed, the

race is on for manufacturers to digitize
manufacturing. According to PwC surveys,
adoption rates of digital manufacturing
technologies among US manufacturers,
such as 3D printing, augmented reality,
IoT and advanced robotics (and the data
networks and software that support them),
have already crossed the threshold from
early adoption to early main-streamed.? US
venture capital firms are betting on digital
operations technology, too. Venture capital
flows into selected digital manufacturing
technologies amounted to about $3.6
billion in the 2011-2015 period for a 47%
annual rise—more than double the growth
rate of total VC investment over that
period, according to a PwC analysis.®

As manufacturers begin to realize their
digital visions, they’re adding efficiencies,
getting closer to customers and, as a result,
becoming more agile, customized—and
competitive. These are the ultimate goals.
In doing so, they’re also changing their
very nature with new digital business
models. We are, then, wading into an era
of the re-invention of manufacturing—
when selling digital services through
hardware becomes more important than
the hardware itself.



II. Adopting—and investing in—digital
operations technologies

To call digital operations technology
“emerging” is a bit of a misnomer. It’s
already emerged. Manufacturers invested
$29 billion in IoT solutions on 2015,

and are forecast to spend $70 billion by
2020 globally, with typical applications
including tracking assets and inventory,
and improving analytics for predictive
maintenance.* Adoption rates across
numerous technologies, including
advanced robotics, 3D printing, IoT tech-
nology and augmented and virtual reality
indicate real traction (see table).

US manufactures’ investment in
digital tech to nearly double in next
five years

Such adoption rates are in synch with
investment activity. Investment across all
digital technologies among US manufac-
turers have taken root, and look to persist.
In the last two years, manufacturers have
invested an average 2.6% of their annual
revenues in digital technologies, with 60%
investing up to three percent of revenues—
and over one in five investing as much

as 10%—according to our PwC/Strategy

& survey. Looking ahead in the next five
years, the average investment climbs to an
average of 4.7% of annual revenues, with
more than one-third expecting to invest as
much as 10% of their annual reviews on
digital technologies. This translates into an
estimated $350 billion in digital technolo-
gies by the US automotive, industrial prod-
ucts and manufacturing sectors. Areas in
which manufacturers plan to invest more
heavily in digital operations technology
over the next five years include: building
their digital business (average expected
increase of 120%); customer engagement
(100%); horizontal and vertical integra-
tion (80%); and product and engineering
(by 69%).

Digital operations technology
adoption mainstreaming in US

According to PWC surveys of US
manufacturers, adoption rates of
advanced manufacturing technologies
have already reached levels indicating
early mainstreaming. Some of

these include:

® 599% of US manufacturers are
currently using some sort of robotics
technology®

® Roughly two of three US manufacturers
are currently adopting 3D printing in
some way; of those, half are using it for
prototyping and about one-third are
using it for final-products production’

® 35% of manufacturers are currently
collecting and using data generated
by smart sensors to enhance
manufacturing/operating processes;
17% plan to do so in the next three
years, with another 24% with plans,
but no timeline”

® Thirty-four percent of manufacturers
believe it is “extremely critical” that
US manufacturers adopt an Internet
of Things (IoT) strategy in their
operations®

® Thirty-eight percent of manufacturers
currently embed sensors in products
that enable end-users/customers to
collect sensor-generated data; 31%
have no plans to do so, and the balance
plan to do so in the future®

® More than one in three manufacturers
expect to adopt virtual reality and
augmented reality technologies by
2018



Venture funding in loT and connected technologies has more than

doubled in the last five years
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Venture capital funds flowing, too

As manufacturers scale up their adoption
of digital technologies, venture capital
(VC) investment firms are also placing
weighty bets on the future appetite for
start-ups and their wares in the digital
operations technology space. Since

2011, some $3.6 billion has poured into
VC-backed start-ups across a selection of
digital technology sub-sectors, with invest-
ment rising at a 47% clip annually (see
chart). This is more than double the annual
growth of total VC funding (18%) in all
sectors over the same period. Investment
has been heaviest in start-ups focusing on
manufacturing software, ERP and inven-
tory software, robotics and sensor tech-
nology, according to a PwC analysis.

“Digital deals” have comprised 15%
of all US M&A activity since 2012
Indeed, companies that are looking to
augment their digital strategies—or even
fundamentally change their business
model—will be considering acquisitions to
buy such change to acquire digital capa-
bilities. According to a PwC/Strategy&
analysis, more than $6.0 billion has

been invested on “digital deals” in North
America alone since 2012, comprising
some 15% of all M&A deals over that
period. This healthy pipeline of VC
start-ups noted above are already yielding
exits, and auger more to come in the next
several years. Consider that Mountain
View, CA-based Jasper Technologies,

a provider of cloud-based platforms to
manage connected products and devices
within the IoT, alone had received at

least $113 million in VC-backed in the

last five years before being acquired by
Cisco Systems for $1.4 billion in 2016.1
Significant recent deals have hinged on
acquiring digital manufacturing assets
and/or know-how, including General
Motors’ March, 2016 acquisition of San
Francisco-based Cruise Automation, a
software company focusing on self-driving
car technology.!?



III. Monetizing digital operations

Digital technology expected to lead

to significant cost-cutting, revenue
generation...

In our survey of US manufacturers, we
asked for estimates of how digital tech-
nologies could translate into cost savings
and revenue increases over the next five
years. Nearly two-thirds of those surveyed
expect that adopting digital manufacturing
technologies will translate into lowering
operating costs by at least 11% (with 23%
expecting cost-savings exceeding 30%),
mostly through efficiencies gained through
automating processes and production. At
the same time, over half of these manu-
facturers expect such adoption to boost
revenues by at least 11% (with 18% of
them anticipating revenues to lift by more
than 30%).

Yet, measuring digital’s return on
investment differs for each company
As noted, there is momentous investment
and adoption activity around digitization
and connectivity. While most companies
we surveyed indeed expect benefits of
digital operations technology (cost-cutting
and revenue generation) to exceed their
investments in that technology over the
next five years, it’s unclear how soon (one,
three, or five years?) companies will make
a return on their digital investments. Also,

Digital technologies = lowers costs + added revenue

# Lower
costs

23%

as advancements in the speed and quality
of these technologies inexorably rise (and,
in most cases, costs falling), estimating a
return on investment will likely continue
to be something of a moving target, and
not entirely easy or straight-forward

to quantify.

Two sorts of “Digital ROI”

To take a broad look, companies could
fall roughly into one of two categories

of digital technology adoption: transfor-
mational or incremental. The first cate-
gory comprises those businesses that are
placing bold (and capital-intensive) bets
on cutting-edge digital technologies (e.g.,
industrial mesh node sensor network, a
core ERP overhaul, augmented reality,
collaborative robots, 3D printing of final
products, etc.). These kind of companies
are aiming for transformational and inno-

# Additional
revenue

18%

vation-driven change, and are aggressively
building out interconnected digital ecosys-
tems simultaneously. These companies
strive for their digital ecosystems to be
interconnected and have an amplified and
far-reaching effect on costs and revenue
throughout the enterprise. The companies
are also changing the culture and ethos of
their organizations in aggressive, top-to-
bottom shifts to encourage a higher, enter-
prise-wide “digital 1Q.” Also, for roll-outs
of new digital operations technology to
succeed, the timing needs to be pitch-per-
fect: too early, and the innovation may

be met with resistance; or, too late, and

it will indicate sunk cost. However, given
the complexity and pervasiveness of the
“digital effect,” capturing an ROI can thus
become highly speculative or ambiguous,
and requires periodic evaluation.



The second category includes those compa-
nies rolling out digital technologies in ways
that are incremental, maintenance-driven
and impact distinct parts of the business
(e.g., new compliance software, mobile
app, a new time-reporting system). Bene-
fits and need for investment are clearly-de-
fined, and do not require an end-to-end
business case scenario. Because these
digital technologies impact discrete parts
of the enterprise, returns are more easily
measured—making an ROI estimation
clearer and less complicated (using more
traditional metrics such as investment,
schedule, and payback).

So, taking a tailored approach to calcu-
lating a “digital ROI” is needed, depending
on the nature and breadth of the compa-
ny’s digital strategy.

How digital technologies drive
bottom-line results

Manufacturers are just scratching the
surface of monetizing digital manu-
facturing. They are at the vanguard of
digitizing not only how they produce, but
also, what they produce—that is, building
intelligence into their products and selling
that intelligence. Some key drivers to
achieving double digit changes in cost-cut-
ting and revenue uplift from digitization
with the introduction of smart, connected
manufacturing technologies and products
and services include:

Lowered “price of variability” across
production and processes

Variability across the enterprise—chiefly
in production, processes, supply-chain
and labor costs—decreases as digital
connectivity is embedded horizontally

and vertically throughout the company,
yielding efficiencies and streamlining.
Also, as demand for customized products
and services rises, digital manufacturing
(including real-time data collection and
analytics, self-monitoring and remote
control of equipment) enables faster

and less costly tailoring of processes and
operations that are less dependent on the
human labor, thus cutting the costs of
variability existing in conventional manu-
facturing. Other technologies streamlining
conventional manufacturing and reducing
variability costs include 3D printing (e.g.,
producing small batches of highly complex
and light-weight designs) and virtual and
augmented reality—to streamline tasks as
varied as assembly, repair and inventory
management, safety training, simulation of
plants, parts or even entire plants.

Of course, not all digital technologies will
yield cost-cutting and revenue genera-
tion for all manufacturers to the same
degree. They are incrementally digitalizing
across operations and looking to grab

the low-hanging fruit with the highest
probability for return on their investments.
Consider GM, which has connected all

of its industrial robots to a centralized
cloud, which can back up programs and
monitor performance and signals when
there is an imminent need for repair,
reducing or preventing idling time of any
of the company’s thousands of robots.'®
Preventing down time could add up to
massive savings, given that one study esti-
mated that stopped production at automo-
tive factories costs an average $22,000 a
minute.



Moving from analogue products to
“connected, digital products”
Manufacturers are looking for revenue
growth unlocked by their digitization
ecosystems, on a number of fronts, with
47% of manufacturers expecting revenue
growth of at least 10%, in the next five
years, from digitizing their existing
product portfolio (see chart). And, once
intelligence and connectivity is embedded
into products, manufacturers open new
revenue streams for once-disconnected
products. Consumers’ appetites for digital
products have already been whetted—
from “smart” home systems, to wearables
monitoring health, to connected cars. To
compete, an increasingly heavy onus will

be placed on manufacturers to take a hard
look at how to add digital connectivity to
their product portfolios. Take, for example,
10T solutions being applied to “smarten up”
wind turbines. Sensors that provide data
every few seconds can be used to improve
turbine blades’ angle and speed for optimal
performance and improve energy produc-
tion and aid in preventive maintenance.

Manufacturing data...and new
business models

Collecting data from sensor-embedded,
Internet-enabled digital products, opens
paths to monetize that data, thus creating
two revenue streams—the product, and the
product-as-a-service. Thus, manufacturers

Digital connections between manufacturer and customer open new

revenue possibilities

47%

44%

38%

42%

will have new ways to deliver services:
alerting their customers, for example,
that a product requires preventive mainte-
nance before it breaks down (also known
as “remote asset management”). Large
multinationals, surely, are already out of
the gate. For instance, one manufacturer of
farming equipment has moved to increase
its offerings, from simply supplying equip-
ment, to embedding real-time, remote
analytics in its farming equipment, which
allows them to assist their customers
manage the entire farming eco-system
from planting to harvesting.

Software opens the door

Smart, connected products can also be
continually upgraded via software, often
remotely. For manufacturers, after-sale
services have existed chiefly in repair and
maintenance and after-market parts. But,
now, manufacturers who produce digital
products can update a product’s software,
for example, and offer product enhance-
ments—and charge fees tiered according
to the robustness of the service offered, not
unlike cable-TV packages. Suddenly, soft-
ware licensing and “entitlement manage-
ment” software becomes as important—or
even more important—than the hardware
functioning as its vessel. Meeting customer
needs for variability through software,

not hardware, will become the new

norm. Operations and channel costs will
fundamentally shift as companies tap into
life-cycle models for engaging customers




Sidelined on the digital playing field?
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versus traditional sales models. On top

of this, companies will have custom-

er-use data available to help market more
effectively to existing and other customer
groups. Take one maker of “connected road
signs” measuring traffic speed and volume,
which applies advanced data mining of
traffic patterns to aid law enforcement

and other customers to remotely track and
manage traffic. The company has moved
from offering signs to selling services
layered upon the signs.'> Products also

can be fine-tuned to meet new customer
requirements or solve performance issues.
The performance of some fleets of robots,
for example, can be remotely monitored
and adjusted by users during operation.

Pay-as-you-go could pay off
handsomely

Selling services is squarely in manufac-
turers’ crosshairs and has been for some
time—mostly pioneered by large multina-
tionals with the clout to be first-movers.
But this model looks to be on the cusp of
being mainstreamed. According to our
survey, 38% of US manufacturers believed
they will boost revenue by at least 10% in

24%
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the next five years through selling big data
analytical services to external customers,
while 42% expected to boost revenue by at
least 10% by selling “other digital services to
external customers” (see chart). Addition-
ally, once manufacturers have product data
available, they can adopt a “pay-as-you-go”
model, in which a customer is charged
only for the time the product is used. In
another PwC survey of US manufacturers,
38% currently embed sensors in products
that enable end-users/customers to collect
sensor-generated data.!®

The greatest challenge to a “digital
vision” is cultural

In the context of embracing digital oper-
ations technology, three of the top 10
challenge areas identified by surveyed
companies relate to organizational readiness
and financial concerns. Some companies
anticipate high investment requirements
with unclear return on investment, and lack
of digital standards and issues related to
data security and intellectual property are
also noted.



IV. Building a digital manufacturing strategy

The future of digital manufacturing holds
many “what-ifs.” But, if it unfolds as
dramatically as our survey indicates, most
manufacturers will be altered to some
degree. And, if they don’t, they look to lose
a leg-up competitively.

So, what disruptions, driven by digital
operations technology, are manufacturers
seeing in their futures? For one thing, we
will likely be seeing more manufacturers
act like tech vendors—as their capabilities
to gather and analyze data becomes more
valuable and marketable than the hard-
ware that once drove the business model.
Or, consider sector two-way convergence,
with Internet and IT companies moving
into hardware (e.g., robotics, drones) and
industrials converging into software and
data analytics, ramping up their digital,
product-as-a-service portfolios. And,
there’s the parade of new entrant disrup-
tors coming out of nowhere (from Silicon
Valley and Boston)—the tech start-ups now
casting their digital solutions to oil rigs and
factories. Then there is the emergence of
vertically focused industry clouds, holding

the potential to forge new relationships
between manufacturers and suppliers, and
manufacturers and customers—further
maturing the IoT in the industrial products
sector (IDC estimates about 150 industry
clouds exist, with their number exceeding
1,000 by 2020.)"".

Where are you on the road to digital
evolution?

A big take-away from our research is that
manufacturers are asking themselves:

can our company transform as a player in
the digital manufacturing era? And, if so,
where do we begin? Companies—either
just beginning on the digital road, or well
on their way—need to assess their asset
base continually to determine whether
there is potential impact of changes to
those assets by adding layers of digitali-
zation and connectivity and, ultimately,
monetizing those changes. Naturally, some
manufacturers have much greater potential
to benefits from digital operations tech-
nology than others, given the sophistica-
tion or complexity (or lack thereof) of their
asset base. This initial strategy assessment
informs the strategic choices that form

a blueprint for an execution of a “digital
evolution” (see graphic).

Assess the “current digital state”...
Determine where your organization is

on the digital evolution curve. Compa-
nies can do this by assessing the state of
their product portfolio, services, business
models and analytics. Some companies’
current state may being pegged at the low
end of the digital maturation curve. For
example, most products in the portfolio
may be “analogue” with little or no digital
connectivity. Service and business models,
too, could be old-school. Operations may

only partially connected and analytics may
play a marginal role and carry little impact
on the operations and customer
relationships.

...s0 you can track and plan your
“target digital state”

While future benefits of digital operations
are widely acknowledged, the path to reali-
zation is ambiguous and different for every
organization. Indeed, companies which
have a significant custom technology foot-
print will likely have a head start in terms
of organization capabilities to manage
through these changes. Of course, this
involves far more than buying technology.
Perhaps more important, organizational
skillsets can evolve to integrate cross func-
tional skillsets (e.g., industrial engineering,
programming, and statistical analysis)
working towards a core set of value
proposition. Additionally, partnership and
vendor models will likely evolve to compli-
ment internal skillsets in delivery model.
Moving higher along the digital maturation
curve toward a targeted digital state could
mean many things, including producing
smart, connected products, building digital
businesses, installing deep, ubiquitous
connectivity and offering analytics that
could introduce products-as-a-service reve-
nue-generating models, for example. A few
matters are fundamental in drawing plans
going forward. A few questions which can
help include: Does your organization have
structures in place to oversee the digital
evolution and, if not, how could you put
them in place? Do you need to look outside
your organization to carry out your digital
strategy (e.g., vendors, alliances, industry
clouds, acquisitions)? How will—and
should—your culture shift to support

such initiatives?



Guidelines to develop a digital opera-

tions strategy and plan its execution

® Asset footprint will drive pace and
complexity of change—however, we do

see the benefit for first movers to realize

a bigger prize potential

® Distinguish in “value created” versus
“value captured”—several factors
including operating scale and network
impacts drive the ability to capture
the value

® Push to build a platform strategy
that can integrate across systems and
allow you to offer a “system of system”
integrator value proposition for
your customers

® TFocus of initial efforts on collection

and integration of product informa-
tion into core operational processes
and workflows

® Regional differences including

constraints such as security, band-
width, regulatory, and privacy will
create different variations in strategic
approaches and models

Strategic choices that guide the ‘Digital Evolution’

Which digital product capabilities and
features are relevant to the
organization's product portfolio? Which
should it focus on incorporating?

To what extent does the organization
integrate horizontally? Vertically?

Should the organization develop digital
capabilities internally, or move to
outsource? Should the organization
engage potential ‘digital acquisitions’?

Should the organization enter new
markets by monetizing product data?

Manufacturing’s next big act: Building an industrial digital ecosystem

To what extent should the organization
develop and provide data analytics
services and capabilities? How will data
access and ownership be managed?

How should the organization change
it's business model, if at all?
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