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About this study

This report is based on qualitative interviews, independent research and 356 survey responses from the industrial
goods and manufacturing industry. This research represents a subset of the overall research conducted by the EY
organization and Nokia in creating the executive report “The Metaverse at Work.”

Limitations and restrictions

The services performed by Ernst & Young LLP (EY US) in preparing this report in collaboration with Nokia (the
Collaborators) were advisory in nature. Our scope of work was determined by the Collaborators and agreed to by

EY US pursuant to the terms of our engagement agreement. Certain analyses and findings in this report are based
on estimates and/or assumptions about future events that were provided by the Collaborators. There will usually be
differences between estimated and actual results because future events and circumstances frequently do not occur
as expected, and those differences may be material. We make no representation of, nor do we take any responsibility
over, the achievement of estimated or projected results. The findings and analyses contained in the report are

based on data and information made available to EY US through the date hereof. Should additional relevant data or
information become available subsequent to the date of the report, such data or information may have a material
impact on the findings in the report. EY US has no future obligation to update the report.

Neither the report nor any of our work constitutes a legal opinion or advice. No representation is made relating to
matters of a legal nature, including, without limitation, matters of title or ownership, legal description, encumbrances,
liens, priority, easements and/or land use restrictions, the validity or enforceability of legal documents, present or
future national or local legislation, regulation, ordinance or the like, or legal or equitable defenses.

The report is intended solely for use by the Partnership. While we believe the work performed is responsive to the
Collaborators's request pursuant to the scope of work in the SOW, we make no representation as to the sufficiency
of the report and our work for any other purposes. Any third parties reading the report should be aware that the
report is subject to limitations, and the scope of the report was not designed for use or reliance by third parties for
investment purposes, or any other purpose. We assume no duty, obligation or responsibility whatsoever to any third
parties that may obtain access to the report.
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The state of the industrial and
enterprise metaverses today

The industrial goods and manufacturing industry has been and will
continue to be increasingly technology-driven - from the growth of
automation and robotics to the infusion of 10T technologies and big data
and analytics. The factory floor has become a hub for emerging and
advanced technology, and the metaverse is now staking its claim.

Companies in the industry are taking the leap into the metaverse, often
considered a continuation of industry 4.0, offering a fusion of digital
and physical worlds and immersive experiences. Our research surveyed
356 industrial goods and manufacturing leaders interested in using
metaverse technology. Today, 60% of respondents have already piloted
or deployed a use case in their company [Figure 1]. For the 40% of
respondents with no activity to date, the future is promising, with 98%
reporting plans to use the metaverse in the next two years [Figure 2].

Certain subsectors appear to be leading in experience with the
metaverse, particularly process manufacturers (65%), where food and
beverage manufacturers particularly stand out, with 78% reporting
experience with the metaverse today. These manufacturers have an
incentive to use the metaverse across the value chain - from design

to production and delivery - to improve internal processes and drive
customer experience. Virtual supply chain networks, for example,

can connect stakeholders across production and delivery, with the
ability to trace, detect and remove contaminated products. Kraft-Heinz
partnered with Microsoft to build a metaverse ecosystem across their
supply chain to predict bottlenecks and simulate scenarios. Others

are connecting the industrial metaverse to the consumer. One leading
beverage manufacturer interviewed is exploring marrying the metaverse
and blockchain technologies to allow consumers to scan a QR code

and track their product's journey to the shelf, complete with a tamper-
free certification. The company aims to use the metaverse not only for
internal supply chain visibility but also to drive trust among consumers.

Transportation manufacturing appears to be slightly behind in
metaverse experience today, with 49% of respondents having hands-on
experience. Within the sub-sector, some have demonstrated greater
use of the metaverse, like aerospace and automotive manufacturing.
Others, however, like railway and marine manufacturing, appear to be
less advanced yet ripe for innovative technologies like the metaverse
to support highly complex processes. Maritime manufacturing is a
prime example, with a greater scale than traditional parts and product
manufacturing. Emerging technologies will need to integrate into a
sizeable set of processes and data systems. These systems in their
current state may not be adept in accommodating the real-time

data collection and processing needed to execute in the metaverse.
Additionally, cybersecurity is paramount in shipbuilding, especially in
the case of naval vessel manufacturing, where hacking and malware
can compromise operations safety and the supply chain. Here,
companies interested in the metaverse may require additional time and
consideration before embedding innovation.

Our survey polled business leaders with interest in
using the metaverse. Within this population, 60%
overall are experienced - having already deployed or
piloted a metaverse use case today.

Figure 1: Hands-on metaverse experience today, by
subsector in industrial goods and manufacturing

Experienced companies Inexperienced companies
1+ use cases deployed, piloted Planning to deploy
All respondents 60% 40%
Process e o
manufacturers
Indu;trlal e e
machinery
P
and textiles

Transportation

49% 51%
manufacturers

Figure 2: Estimated time to use the metaverse, among
industrial goods and manufacturing respondents with no
pilots or deployments to-date

Metaverse use today Time to deploy, among non-
users today

Of the 40% of respondents
who have not deployed or
piloted a use case to date,

60% have 1+ use cases
deployed, piloted

98%

98% plan to use the
40% have not deployed metaverse or related
a use case to date technologies in the next
two years
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Visualized predictive maintenance

By using virtual representations of real-world assets
like digital twins as visual reporting tools for predictive
maintenance models, companies can increase their
understanding of asset health across their facilities and

better inform decision-makers. Of all the use cases tested,

industrial goods and manufacturing respondents were
most excited by the potential of visualized predictive
maintenance. The use case was seen as driving process

Figure 3: Key benefits of predictive maintenance
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Sustainability _ 40%

efficiency, sustainability, and time to market by extending
the useful life of machinery and avoiding unexpected
outages. The potential magnitude of the impact was
notably high across all functions.

Figure 4: Impact of predictive maintenance
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Autonomous and remote-controlled operations robotics

Another use case with potential transformative impact
on the industrial goods and manufacturing industry is
operations robotics. The use case allows for greater
automation in processes like surveillance, facility
reconfiguration and production, as well as the ability
for people to work remotely through an on-site robot
for inspections, audits, etc., all while providing greater

Figure 5: Key benefits of operations robotics

ooy I =+
efficiency

7%

Deployed

Safety
improvement

25%

Planned use this year Sustainability

Virtual R&D, prototyping and testing

Industrial goods and manufacturing respondents were also
excited by the potential to bring design, engineering and
testing into the metaverse (33% expect transformative
impact). By conducting initial R&D and design virtually or
in a digitally augmented physical environment, with added
ability for cross-functional collaboration and co-design,
and then testing concepts for safety, production readiness
and more, companies can improve time to market, process

Figure 7: Key benefits of virtual R&D
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30%
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capacity for human oversight and intervention through

the metaverse. Companies see the use case as creating
process efficiencies, improving safety by moving strenuous
or dangerous tasks out of the hands of human workers,
and improving sustainability by reducing errors in
production and subsequent waste.

Figure 6: Impact of operations robotics
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efficiency and sustainability with reduced setbacks and
waste when brought to the real world. The potential
impact is noted in all subsectors, although process
manufacturing respondents (e.g., chemicals or food and
beverage) are less optimistic. One interview participant
noted their company was using the technology to allow for
development throughout different time zones around the
clock.

Figure 8: Impact of virtual R&D
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*Process manufacturers refer to the food and beverage manufacturing and chemical manufacturing subsectors

The metaverse at work



Key enablers and partners
to deploying the metaverse

Across all industries, respondents value a foundational

set of enablers for underpinning industrial and enterprise
metaverse use cases, from cloud computing to Al, machine
learning and network connectivity, specifically private
5G/6G. All capabilities are essential building blocks to
creating metaverse solutions that maximize the enhanced
accuracy and fidelity these use cases offer. One research
interviewee, a C-level executive at an apparel and textiles
manufacturer, noted that the network should not be
overlooked. While their digital center of excellence is
focused on advanced computing and Al, they have realized
the criticality of network connectivity as they look to turn
proof of concepts and pilots into deployments at scale.

In addition to these top enablers, the industry is

also highly focused on the hardware needed to bring
metaverse use cases to life. For use cases like visualized
predictive maintenance and operations robotics,

enabling technologies like smart sensors, 10T devices and
networks, and positioning and location systems will be

a priority, allowing for a better understanding of asset
tracking and asset health across the value chain. One
research interviewee, a VP at a global food and beverage
manufacturer, noted that upgrading their smart sensors
and loT data capture capabilities were one of the key
considerations before deploying metaverse use cases at
scale.

Additionally, XR headsets were seen as a key enabling
technology, both for use cases like training, user research,
and augmentation of workers and in their ability to
augment other use cases like virtual R&D and visualized
predictive maintenance. Although not vital to these

use cases, they can benefit greatly from immersive 3D
renderings of objects made possible by XR.

Figure 9: Top-ranked enablers by importance, compared to the level of advancement in using them

Advancement

Cloud Computing 37%
Artificial Intelligence/Machine Learning 36%

Private 5G/6G Networks
Smart Sensors

|oT Devices & Networks

AR/VR/XR Headsets and Applications

Positioning/Location Systems
Edge/Distributed Computing
Development Platforms
Public 5G/6G Networks
Fiber Broadband Networks
Blockchain/Web3 Technology
Digital Twin Technology
Autonomous Robots & Drones
Fixed Wireless Access
Spatial Computing

Remote-Controlled Exoskeletons

The metaverse at work

40%
35%
37%
37%
31%
36%
33%
35%
33%
34%
30%
38%
41%
37%
28%

Importance

T3%
73%
71%
67%
66%
66%
66%
65%
65%
65%
65%
63%
61%
60%
60%
59%%
56%



Companies in the industrial goods and manufacturing industry are
primarily turning to trusted providers like industrial equipment and tech
providers, as well as software and application providers to bring their

metaverse solutions to life.

Figure 10: Key partners for most impactful industrial goods and manufacturing use cases

Visualized predictive Industrial equipment/tech
maintenance providers
Autonomous/RC Al/ML providers

operations robotics

Virtual R&D,

prototyping and testing Web3 application providers

These companies can provide the hardware, like robotics
and smart sensors, and the software, like digital twins,

to help companies pilot and deploy top use cases, like
visualized predictive maintenance and operations robotics.
However, there is a need for other providers to help support
the connectivity and data requirements to drive further
advancement of these solutions.

Al and machine learning providers are seen as key partners
in deploying operations robotics for their ability to enhance

Ranked most important: Ranked 2nd: Ranked 3rd:
Partners to deploy use case Partners to deploy use case Partners to deploy use case

Industrial software/app Network/networking
providers equipment providers
Industrial equipment/tech Industrial software/app
providers providers
Network/networking XR/metaverse platform
equipment providers providers

the capabilities of robots with capabilities like computer
vision. Network providers are also seen as key partners to
multiple top use cases, as these use cases ultimately are
only as strong as the underlying networks and connectivity
that support them. For example, virtual R&D, prototyping
and testing requires low latency and high bandwidth
connectivity to ensure collaborative design, engineering or
other experiences are as realistic as possible in the virtual
environments compared to physical environments.
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Challenges in the industrial
and enterprise metaverses

Industrial goods and manufacturing
companies face similar headwinds in
employing the metaverse as other
industries, like struggling to find the
right internal expertise, to execute and
track value, as well as with convincing
employees to adopt the solutions.

Like other industries, the primary challenge companies in

the industrial goods and manufacturing industry are facing

is lack of internal expertise (47%). This can create challenges
not only in initiating conversations around the industrial and
enterprise metaverse but also in partner selection. With the
large number of providers and start-ups offering metaverse
solutions, companies lacking internal knowledge on the
subject may struggle to understand their own capabilities and
the abilities of any partner they may select.

Aside from internal expertise, some companies with more
traditional processes and a less tech-savvy workforce

may struggle to overcome pre-existing notions about the
metaverse, often driven by the consumer and gaming spaces.
One research interviewee noted their factory employees and
technicians repudiate the idea of the metaverse and may
even conflate it with Web3 technologies like cryptocurrency
and blockchain. Because of this, there's fear that the
metaverse may degrade trust among critical employees
unless implemented in an approachable, tactical manner with
a focus on the benefits, like making processes easier and
more efficient. Limited digital skills among employees was

an additional cause of concern, especially in leveraging XR
headsets to access metaverse solutions.

Industrial goods and manufacturing respondents with
experience in the metaverse also cited experiencing technical
difficulties (39%). Multiple research interviewees noted that
data and integrating legacy systems were the drivers of their
technical challenges when adopting the metaverse, especially
in large-scale factories.

The metaverse at work

Figure 11: Top challenges for industrial goods and manufacturing
companies already piloting or deploying 1+ use case

47%
39%
2% 2%
l .3 .3 I
Lack of Technical Over Reluctance Over project
expertise difficulties budget to adopt duration

We were lacking expertise in metaverse
technology, and not just for hardware and
software. What’s the appropriate way to

build out at scale? How do we secure the
environment? How do we ensure that our IP
won’t be taken? It took us some time to find the
right partners and use cases.

VP technology, mid-sized industrial equipment and
machinery manufacturer



The path forward

A
A

For industrial goods and manufacturing companies
interested in entering the metaverse, the first hurdle will
likely be building internal support. Between the lack of
internal expertise, unclear ROl and employee adoption
challenges many experienced companies are facing,
building internal support before, during and after the
implementation of metaverse solutions will be key to
ongoing success. For this reason, companies should stress
education across stakeholder groups on the technology
and anticipated benefits, with examples of metaverse
applications at other industry-leading companies. Because
the range of benefits from the metaverse is wide, from
sustainability to cost reduction, to name a few, companies
can lean into certain benefits that may excite different
groups of stakeholders.

Companies should also pay attention to nomenclature
surrounding their new industrial and enterprise metaverse
solutions to avoid reputational risk in cases where
employees and customers have strong pre-existing notions
around the metaverse and related technologies. Although
this may not be the case in all companies or sectors if the
term “metaverse” is expected to erode trust in a solution,
it may be beneficial to avoid the term altogether, opting

to refer to the metaverse as an “immersive experience” or
“enhanced digital twin,” where applicable. Similarly, some
metaverse use cases are not new to the industry at all -
having existed for years without the term “metaverse” as
a label. In this case, it's important for companies to call out
their pre-existing use of and success with the metaverse.

Finally, companies should invest early in the enabling
technologies needed to help them pilot and scale
metaverse solutions. Although these enablers may not
be vital in the pilot phase, an early start can be beneficial
to further deployment. This is especially important for
companies in industrial goods and manufacturing, as
self-reported maturity with enabling technologies is low
compared to other industries, and it may take time to get
data capture technology (e.qg., smart sensors, positioning
and location systems, etc.) and connectivity to the level
needed to scale use cases.

The metaverse at work
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Appendix: other use cases

While industrial goods and manufacturing respondents have found visualized predictive maintenance, operations robotics,
and virtual R&D, prototyping and testing to be the most impactful use cases overall, there are a range of other use cases
companies are considering.

Figure 12: Impact and deployment of other industrial metaverse use cases (ranked 4-9)

Virtual Facility Optimization (Production & Delivery)

Designing, planning, and simulating factories, warehouses, and other types of facilities F 33
in virtual environments for enhanced planning of key processes and simulation without S%
impacting actual operations.
Autonomous/Remote-Controlled Maintenance Robotics (Service & Support) g
Use of autonomous or technician-controlled robots and drones to allow for greater F
efficiency driven by automation and remote specialist intervention when repairs are needed 5%
in a facility without the expertise or in a remote or hazardous environment.
Virtual Supply Chain Optimization (Production & Delivery) _
Asset tracking (e.q., facilities, equipment, operational vehicles, devices etc.) and supply
chain optimization in a virtual environment (e.qg., digital twin) allowing for redesign and 6%
simulation without impacting live operations
XR-Enhanced UX Research (Design & Testing)
Enhancing UX research using extended reality (XR) technology for eye tracking, overlaying =
virtual elements on the real world, and user testing virtual prototypes to better understand 6%
challenges of engineers, operators, technicians and partners.
XR Hands-On Training (Training & Onboarding)
Immersive technical training using XR technology to create realistic experiences and 26%
scenarios in a purely virtual or virtually enhanced physical environment, especially to 5%
enhance skills using different machinery and to practice safety procedures.
Field XR (Service & Support)
XR augmentation of workers, maintenance teams, inspectors, and technicians allowing the =S5
user to share views with a specialist or overlay virtual elements that may not otherwise be 6%
visible or accessible.
Figure 13: Impact and deployment of enterprise metaverse use cases
Immersive Recruiting and Hiring (Training & Onboarding)
By using the metaverse in recruiting and hiring, companies can attract younger, digital- o
native talent and replace interviews that previously would have required on-site visits with 10%
virtual experiences.
XR Onboarding and Soft-Skills Training (Training & Onboarding)
32%

Use of immersive digital environments in enterprise-level trainings for topics such as
diversity, equity & inclusion, customer service and support, general safety trainings, and
more.

1

Virtual Office and Workspaces (Design & Testing)

Use of immersive digital environments where employees can interact for enhanced
networking and social experiences or use infinite workspaces, data interaction spaces, and
spaces created to enhance collaboration and co-design.

. Expect transformative impact . Deployed
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