NOKIA

Innovations driving Industry
40 in Asia Pacitic & Japan

Whitepaper



NOKIA

1. Executive Summary: The Factory of the Future

2. Industry 4.0 in Asia
2.1 Why Asia?

2.2 Prevalence of Industry 4.0 technologies in Asian manufacturers

2.3 Approaches adopted in Japan

O o o~ |~ W

3. Nokia’s Conscious Factory project

4. Conclusion: Creating the technology to connect the world 11

Page 2 www.nokia.com



NOKIA

1. Executive Summary: The Factory of the Future

The First Industrial Revolution used steam power and iron-making to mechanize production. The

Second saw mass production that was powered by combustion engines, electricity, assembly lines, and
telecommunications. The Third Industrial Revolution had microprocessors, software, mobile devices, and
the Internet bringing about the Information Economy. Now a Fourth Industrial Revolution - or ‘Industry 4.0’
- is transforming factory operations and blurring the lines in physical, digital, and human interaction.

To cope with shareholder demands for growth despite increasingly fickle consumer tastes, price sensitivity,
and a need to offer higher wages with better working conditions, manufacturers in Asia are investing in
emerging technologies to unleash efficiencies and unlock new capabilities.

Manufacturing is becoming increasingly digitized and connected, and at an exponential rate. Factories of
the future are becoming more productive, efficient, flexible, and safer.

e Product development. Smart wearables enabled with augmented, virtual or mixed reality will allow
customized and virtual designs. 3D printing will facilitate the production of customized products and
tools on-demand, especially where inventory holding or downtime costs are high.

e Manufacturing and testing. Connected production equipment can gather and share large amounts of
data to facilitate cooperation to a much higher degree. Big data analytics and artificial intelligence (Al)
can help reduce disruptions in production lines with high unplanned downtime costs, which is especially
pertinent in industries such as automotive, aerospace, food manufacturing, paper, petrochemicals,
and shipping.

Autonomous robots, drones, and vehicles will increase workforce productivity and working conditions.

e Procurement and warehousing; Order fulfilment. Real-time asset tracking via wireless sensors will
enable dynamic production planning between customers and suppliers and dynamic capacity scaling.

To achieve the vision for the Factory of the Future as in Figure 1, reliable, secure, low latency, high
bandwidth, and interoperable network connectivity is pertinent. In addition, as the number and types of
sensors multiply, the management of these devices, as well as the data collected will require an intelligent,
multi-access, and secure platform for factories to control manufacturing operations.
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Figure 1. A vision for factory of the future

2. Industry 4.0 in Asia
2.1 Why Asia?

The Asia Pacific region accounts for one-third of the world’s Gross Domestic Product (GDP) and is projected
to grow at an average annual rate of 4.5%, driven by rapid urbanization and industrialization. As seen in
Figure 2, manufacturing contributes between 16% to 29% to the GDPs of five key manufacturing hubs

in the region - Indonesia, Japan, South Korea, Thailand, and Vietnam. A robust manufacturing industry is
absolutely vital to support the growth of Asian economies.
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Advanced Asia Pacific markets such as Australia, Japan, and South Korea have been investing heavily

in centres of innovation and are positioning themselves as testbeds and producers of Industry 4.0
technologies, arising from government co-investment, advanced network infrastructure, and skilled
workforce development. As a result, the GDP per hour worked at these markets exceeds that of the US.

The level of technological advancement among production facilities in developing Asia Pacific remains
uneven, as government policies, infrastructure, technical skills, and research and development (R&D)
investments vary significantly. Specifically, Thailand, Indonesia, and Vietnam, the only three developing
Asia Pacific countries ranked within the top 20 of Global Manufacturing Competitiveness Index, are
poised to take on increasingly important roles as China pivots towards higher value manufacturing, and
manufacturers seek alternative production sites near to the region’s emerging consumer markets.
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Figure 2. Manufacturing in key Asian markets
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Our research identifies three key drivers that are accelerating the development of Industry 4.0 in Asia.

1. Asia faces mounting pressure to increase productivity. The economic imperative to improve
productivity is driving many Asia Pacific countries to explore Industry 4.0 technologies today. For
example, traditionally cost-competitive sectors like Vietnam’s garment and textile industry is facing
intensifying price competition from countries such as Laos, Cambodia, and Myanmar, as labour costs
in Vietnam have grown by 45% in the last five years. On the other hand, developed markets like Japan
face labour shortage due to a rapidly-ageing population. To remain competitive, manufacturers in both
Vietnam and Japan are innovating to deliver better productivity.
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2. Public leadership as an effective catalyst. Asia Pacific governments are taking the lead to encourage
the adoption of Industry 4.0 technologies, with sector planning and incentive schemes, R&D
investments, international partnerships, as well as infrastructure developments. For example, Korea’s
Ministry of Trade, Industry & Energy announced plans in February 2017 to co-invest USD 80 million to
increase the number of Smart Factories in the country from 2,800 in end-2016 to 5,000 before
end-2017, and to 10,000 by 2020. Other similar initiatives driven by regional governments can be
found in Figure 3.

q |
Thailand Japan
* ‘Thailand 4.0’ economic model is aimed at _ * The government’s “Rebirth Strategy for .
accelerating future growth in ten targeted [ Japan” aims to take advantage of the nation’s
industries, including automation and robotics. strength in manufacturing and technology, to
« The government is taking major steps to develop USD 1.3 trillion of new industries and
reform its food manufacturing industry, 4.7 million new jobs by 2020.
including introducing sustainable production
infrastructure and improved food production h
K
standards. South Korea . 4 A
* The government plans to inject USD 189.3
Vietnam million into research and development (R&D) % -@

projects by 2020, related to big data,
cyber-physical systems, smart sensors, and
collaboration robots.

Ministry of Trade, Industry & Energy also
announced plans in February 2017 to increase
the number of Smart Factories from 2,800 in
end-2016 to 10,000 by 2020.

The government also plans to co-invest USD
90 million in 2017 in factories that produce
controllers, sensors, and solutions.

* Vietnam’s government has pledged to invest
USD 111.6 million in the ICT sector by 2020,
incentivizing local and international firms to
invest in the country.

Indonesia

1 B

* The Indonesian government launched a master
plan to accelerate economic development,
increase efficiency, improve competitiveness,
and promote innovation .

Figure 3. Public leadership as an effective catalyst

3. International business is leading to technology transfers. The adoption of Industry 4.0 technologies
is often the result of domestic players tooling up for the export market. For example, Thailand’s Food
& Beverage (F&B) conglomerates such as Charoen Pokphand Foods are investing in robots, automated
production technology, and machinery to improve production standards. International players are also
bringing state-of-the-art technologies into their production sites in Asia; the automotive industry of
Indonesia has become an important pillar of the country’s manufacturing sector, with many of the
world’s well-known car makers setting up manufacturing plants in the country. Companies are also
setting up industry alliances and partnerships also help to accelerate technological breakthroughs.

In Japan, companies such as Mitsubishi Electric, Hitachi, Fujitsu, NEC, Mitsubishi Heavy Industries,
Kawasaki Heavy Industries, IHI, and Hitachi Zosen, members of Japan’s Robot Revolution Initiative, are
collaborating to introduce products and services that enable Industrial Internet of Things (loT).

2.2 Prevalence of Industry 4.0 technologies in Asian manufacturers

Manufacturers have recognized the potential benefits that Industry 4.0 technologies can deliver across the
manufacturing value chain:

e Product development. The use of technologies such as Virtual Reality and 3D printing in product
development will drastically reduce time-to-prototype and time-to-market. Product development
teams would be able to experience the design virtually and also share it with other departments of
the organization. Mass customization will be possible through sensors on the product which would
continually monitor customer’s usage patterns.
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e Procurement and warehousing. Companies will be able to avoid delays in supply caused due to
unplanned disruptions by tracking raw materials and finished products with location sensors. Data
gathered from sensors will be sent to a central analytics platform that performs simulations, generates
insights and send instructions to the relevant stakeholders such as suppliers, factories and customers.

e Manufacturing and testing. Deployment of industrial loT sensors would help in predictive maintenance
of machines and reduce instances of delays caused due to unexpected machine breakdowns. Also,
edge computing provides the speed and low latency required by robots and machines. Use of artificial
intelligence powered smart glasses has the potential to eliminate use of manual checklists. Augmented

Reality glasses are also very helpful to assist workers in maintenance and repair of machines by
providing step-by-step instructions.

e Order fulfilment. A combination of artificial intelligence applications and autonomous robots could
be used for managing orders received from multiple channels. Big Data analytics and cloud based
central order management systems increase the visibility of inventory across locations by the real-time

tracking of customers’ orders.

Innovative examples of leading manufacturers adopting Industry 4.0 along the manufacturing value chain
can be seenin Figure 4 below.

Manufacturing | Manufacturing | Example of Industry 4.0 use

value chain

innovation

Network technology
required

Benefits

Product 3D printing Product customization 4G/ 5G wireless Flexibility - make
development Nabisco in Indonesia enhances communications in licensed things personal
personal experience by allowing and unlicensed spectrum
customers to build customized (MulteFire and CBRS)
Oreo cookies using 3D printing On-premise 4G and 5G small
within roughly a minute cells and access points
Automation Design On-premise 4G and 5G small  Efficiency
Leading Vietnamese apparel maker  cells and access points - Improves
Viet Tien uses 3D design simulation  Private cellular networks with  throughput
workstations, digitizers, and cutters integrated edge cloud and and reduces
to reduce design labour by 75% local gateways manpower
Big Data Improve product efficiency Cloud computing analytics Efficiency -
Mazda linked over 10,000 engine better product
production data points with performance
customer value data in 130
countries to identify value levers,
resulting in engineering designs
that reduced fuel variation by 25%
Procurement and  Artificial Improve demand loT solution Flexibility
warehousing intelligence (Al) forecasting accuracy Multi-access edge computing - change
NEC Corporation in Japan uses production
Al technology to improve the according to
precision of its demand forecasting demand
and logistics efficiency, reducing Efficiency -
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Manufacturing
and testing

Smart wearable

Robotics

Improve operations efficiency loT solution
Sanshiba in Japan improved

operations efficiency by 20% by

monitoring the total time spent

on each manufacturing process

through a smart watch and beacon

worn by factory workers

Workforce safety Integrated high accuracy
Tatsumi Shokai Logistics in Japan indoor positioning Multi-edge
uses exoskeletons to help elderly access computing.

employees carry out jobs that
include loading, unloading, carrying,
and bending

Productivity

Samsung Heavy Industries’ Geoje
Shipyard in Korea uses autonomous
robots to weld heavy pipes,
increasing welding speed by
300-600%. The robots also
perform automatic radiographic
testing inspecting, reducing
inspection time by up to 93%

Figure 4. Innovative examples of Industry 4.0 use cases in Asia

2.3 Approaches adopted in Japan

Japan has a diverse, USD 158 million manufacturing sector, growing each year at 10% as of FY 2015. The
automotive and electric machinery sectors are the largest, respectively accounting for 8.2% and 5.2% of

the market.
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Figure 5. Market size and growth rate for capital investment in Japan’s manufacturing sector
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To sustain its economic growth, the Japanese manufacturing sector has conscientiously raised the level of
productivity through rigorous processes, technological innovation, and workforce re-skilling. The Japanese
government’s “Rebirth Strategy for Japan” aims to take advantage of Japan’s strength in manufacturing

and technology, to develop USD 1.3 trillion of new industries and 4.7 million new jobs by 2020.

Japan’s global partnerships have helped pushed it to the forefront of Industry 4.0 technologies, with

Al increasingly deployed in demand forecasting, advanced sensors in environment monitoring, smart
wearables in workforce monitoring, and 3D printing in rapid prototyping. Today, Japan holds 50% market
share of the global robot market in terms of both production and usage, and has the highest robot
density in the automotive industry. Japan’s Robot Revolution Initiative is further cooperating with Industry
4.0 of the Federal Republic of Germany in 2016 on the loT and Industry 4.0 in the fields of industrial
cybersecurity, international standardization, international regulatory reform and R&D, and has already
developed over 150 Industrial loT use cases.

As there are strong OT players such as Hirata and Fanuc dominating the market, many Japanese
manufacturers rely heavily on outsourced, local expertise to develop factory automation, robotic and
connected sensor solutions. Other manufacturers utilize in-house system integration (SI) capabilities to
converge OT/IT and develop loT solutions. The Japanese ecosystem has increasingly built partnerships
with global technology players to transform digital factories and transition towards next generation
network.

ERP = Enterprise Resource Package
MES = Manufacturing Execution System

PLM = Product Lifecycle Management

(Computer Aided Design)

oT

Figure 6. Convergence of IT and OT

3. Nokia's Conscious Factory project

At Nokia, we have been proactively transforming our own factories into “The Conscious Factory” - an agile
and intelligent manufacturing service, fully automated and green that is self-learning and able to predict
demand flexibly. Our vision of a next-generation smart factory with mission-critical network is:

» To create a safe and smart environment for employees, partners, and customers

* Toapply loT to emergency services support, employee health protection, and faster response time
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» To provide high-bandwidth voice, video and other data applications for mission-critical loT services
» To connect the entire production with all enterprise related systems to get the most benefit out of it

Nokia currently uses private LTE and Wi-Fi networks to provide connectivity at its own Chennai, India,
and Oulu, Finland factories. In future, cellular 10T networks such as Narrow-Band loT (NB-1oT) could
connect a wide range of low-power and low-latency devices and sensors to loT platforms for centralized
management. Figure 7 below shows the other building blocks required to piece together The Conscious
Factory project.

] |/ . .
Cyber Physical

System

Sensor
Device
Actuators

Public Cloud
Data Analytics
Web Application
Mobile Application
(Android / i0S)

MULTEFIRE

Man, Machine, Bhaitact — 3
Material, Method —
& Workplace Connectivity

Figure 7. Building blocks for Nokia Conscious Factory

Since the implementation of The Conscious Factory project in 2015, Nokia has experienced first-hand
operational efficiency and cost saving benefits.

Benefits E@

Improvement in Product

e ep e need o po ould 0 028 er worker p Quality KPls
Op e worker perfo e e-g orke ell-being onitoring a ging fatigue leve
p SO on sends ema d mobile app alert to supe 0 d workers excee gue eshold leve
NE e 0 o]o} p 0 e 0 0 e 0 proved pare of e
es o pme ore e pro onp g

e Overall Equipment Efficiency
(OEE) improved by 13
percentage points

Reduced time for product
development and time to
market

Improved workforce utilization
by 4 percentage points

Figure 8. Sample use cases implemented in Nokia Conscious Factories
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4. Conclusion: Creating the technology to connect the world

Industry 4.0 enables a much tighter interaction of domains and among companies across the full product
lifecycle, from design and manufacturing to distribution, services, and disposal. A production facility

only truly becomes a Smart Factory when the full range of Industrial 4.0 technologies are meaningfully
integrated. The connected workers, product designers, and end users will interact with the physical
equipment and products, as well as with digital twins of the same equipment and with the digital data

and intelligence about the past, current, and future predicted behavior of the products. They will draw
information from sophisticated analytics tools to improve the overall efficiency of the value chain and
create new value-added services through automation, process simplification and knowledge sharing. In
addition also distributed processing capabilities, especially at the edge of the network support real time
data processing where the gained information can be implemented right away in the production process to
smoothen the same even more and gain efficiency. The potential global economic impact is expected to go
beyond EUR 1 trillion by 2025 for factory applications™.

The network that connects various platforms therefore needs to be rigorous enough and consist of the
following key building blocks to deliver manufacturing innovation to drive Industry 4.0:

* Industry-leading 4G and 5G wireless communications in licensed and unlicensed spectrum
e On-premise 4G and 5G small cells and access points
* Private cellular networks with integrated edge cloud and local gateways

e |oT PaaS (platform as a service) with loT device and connectivity management solutions and analytics
applications

* Integrated high accuracy indoor positioning

* SIM-less loT authentication methods and embedded security

* Interfaces/APIs to local applications

» E2Eindustrial slice and quality of service over public infrastructure
* Real-time remote control and augmented reality

e Ecosystem trials with Nokia Innovation Platform

Many innovative technologies already exist today or are being developed in areas such as Industrial 10T,
augmented, collaborative and swarm robots, autonomous vehicles, augmented, virtual and mixed realities,
artificial intelligence, machine learning, predictive maintenance, smart products and connected workers.
Applications are being developed, tested, and deployed at an ever-increasing pace to support new use
cases and services. All these innovations require a multi-disciplinary approach with a deep industrial
understanding. To achieve the highest degree of information sharing and knowledge extraction, all devices,
machines, sensors and people need to be connected through a real-time, reliable, secure,
high-performance and programmable platform.

Nokia is ideally placed to deliver this fabric of advanced connectivity and cloud infrastructure - which we
call the digital nervous system - for the connected industries and digital automation of the future.

Page 11 www.nokia.com



NOKIA

Nokia is a registered trademark of Nokia Corporation. Other product and company names mentioned herein may be trademarks or trade names of their respective
owners.

Nokia Oyj

Karaportti 3

FI-02610 Espoo

Finland

Tel. +358 (0) 10 44 88 000

Product code SR1707013904EN

© Nokia 2017

Page 12 www.nokia.com



