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1. Summary

This literature review looks at the manufacturing sector and its contribution to the Welsh economy
and UK economy. The sector contributes 17% to total industry Gross Value Added (GVA) in Wales but
only 10% for the UK. The performance of the UK manufacturing sector in comparison with other
countries (where manufacturing also makes an important contribution to the national economy) is
also investigated. Particularly, attention is given to the weak productivity growth across all industries
in the UK post the economic crash of 2007/8. The views of leading economists are researched to
understand why the UK’s performance in manufacturing has been noticeably poorer than that of its
international peers’ post 2007/8. The consensus amongst these economists is that the UK
manufacturing sector is losing its competitiveness due to a lack of investment in technology. The areas
of advanced manufacturing technology in which other countries are investing are explored, to
understand where specifically the UK is lagging. An overview of the different advanced manufacturing
technologies is also provided. It is the intention to use this literature review to support a larger piece
of work that looks at the Welsh manufacturing sector in detail and assesses how different advanced
manufacturing processes can be adopted to grow GVA and improve productivity.
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2. Introduction

2.1 The Importance of Productivity

Productivity is widely acknowledged to influence living standards (McKinsey Global Institute, 2018)
(Diewert, 2015) — higher productivity leads to higher wages and better health for the population,
including a reduction in child mortality (see Figure 1). Productivity growth also influences the rate of
inflation for which monetary policy is determined i.e., interest rates require adjustment to stimulate
(or supress) demand (Goodridge, 2016).

Weekly hours not in Log scale,
work (out of 84) Index 1831=100
&0 = Productivity (GDP per hour worked, RHS) 3200

70 s Real GDP per person (RHS) 1600

60 Consumption per person (RHS)

800

50 Leisure (LHS)

400

1831 1851 1871 1891 1911 1931 1951 1971 1991 2011

Sources: Thomas and Dimsdale (2017) and Bank calculations.
Notes: Leisure calculated as 84 minus average weekly hours.

Figure 1 — Welfare relationship to productivity (Tenreyro, 2018)

Productivity is calculated by dividing the Gross Domestic Product (GDP) or Gross Value Added (GVA)
of a country by either the population of the country or the number of hours worked (The Productivity
Institute, 2022).

GVA is calculated as the monetary sum of all that has been produced in each period minus the cost of
the associated intermediate inputs (raw materials, utilities etc.).

GDP is like GVA, but with the addition of government taxes and subtraction of government subsidies.
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2.2 A Welsh Perspective

The manufacturing sector makes an important contribution to the Welsh economy. In 2021, the sector
contributed £12bn (17%) to the Welsh total Gross Value Added (GVA) of £70bn (Welsh_Government,
2023). The sector employed 155,000 people in 2018 — which in terms of jobs as a percentage of jobs
across all sectors, put Wales very close to the top of the league table for all UK regions (see Figure 2).

anufacturing as a % of all jobs
Sept 2019, seasonally adjusted

14%

3Manufacturing: statistics and policy — Chris Rhodes (House of Commons Briefing Paper
(2020)

Figure 2 — Manufacturing as a % of all jobs

The Welsh Government publish economic indicators on a web based interactive dashboard. The
output indicator looks at GVA per head and GVA per hour worked. In 2021 (the latest available results),
productivity (GVA per hr) was the lowest of all UK regions (Welsh_Gov, 2023).

|_§| Gross Value Added (GVA) per hour worked
Output

Gross Value Added per hour in Wales and comparator regions/countries

|

ales rank Latest data Change on year

12 £32.19 +£0.52

Figure 3 — GVA per hour worked all sectors (UK) — 2021 (Welsh_Gov, 2023)

Sector specific data is not calculated for GVA per hour worked, however it is available for GVA per job
and in 2018, productivity (GVA/job) was 10% above the UK average in East Wales and 8% below the
UK average in West Wales (see Figure 4) (Beatty & Fothergill, 2020).
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Table 4: Manufacturing productivity by sub-region, 2018

GVA per job Employment
UK=100

Cheshire & Warrington 241 41,500
Hertfordshire 157 34,500
Thames Valley Berkshire 151 25,500
Highlands &Islands 148 14,500
Coast to Capital 146 42,500
Swindon & Wiltshire 145 29,500
Oxfordshire 139 26,500
Coventry & Warwickshire 134 55,500
EnterpriseM3 129 44,000
Greater Birmingham & Solihull 121 92,000
Liverpool City Region 120 49,000
North Eastern Scotfand 116 22,500
East Wales 110 63,000
Eastern Scotland 110 62,500
Greater Cambridge and Greater Peterborough 104 85,000
South East 102 107,500
The Marches 101 38,500
South East Midlands 101 92,500
Lancashire 99 87,500
Northern Ireland 9 86,000
West of England %8 36,000
West Central Scotiand 97 47,000
London % 114,500
North East 95 90,500
Humber 95 68,500
New Anglia o4 66,500
West Wales & the Valleys <} 82,500
Leicester & Leicestershire 92 59,500
Southern Scotland 91 34,500
Greater Manchester o 104,500
Cumbria 20 37,500
Gloucestershire 20 34,500
York,N Yorkshireand ERiding 88 56,000
Dorset 86 29,000
Tees Valley 84 25,000
Greater Lincolnshire 83 67,000
Buckinghamshire Thames Valley 83 17,500
Derby, Derbyshire, Nottingham, Notts. 82 126,500
Leeds City Region 80 150,000
Worcestershire 7 34,000
Heart of the South West 76 70,500
Cornwall & Isles of Scilly 7% 15,500
Stoke & Staffordshire 7 63,000
Solent 69 45,000
Sheffield City Region 67 92,500
Biack Country 51 65,500
All manufacturing 100 2,520,000

Figure 4 — GVA per job (UK Regions) (Beatty & Fothergill, 2020)

The manufacturing sector of Wales appears to have a productivity level that broadly aligns with the
UK average.
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2.3 A UK Perspective

The manufacturing sector contributed £200bn (10%) to the UK total Gross Value Added (GVA) of

£2000bn (Welsh_Government, 2023).

Since 2008, Real Value Added / hour worked has slowed considerably in the UK (Coyle & Mei, 2023) -
see Figure 5. The UK entered the financial collapse of 2007/8 with a historically low level of
productivity (McKinsey Global Institute, 2018). In the decade that followed, the UK economy
experienced its worst period of average annual productivity growth (0.3%) since the 1800’s. A fact so
noteworthy that the Royal Statistical Society made it a ‘statistic of the decade’ (RSS, 2019). If the

manufacturing sector performed any better, it was marginal (Figure 6).

(b)

A-Agriculture
C-Manufacturing
E-WaterSupply
F-Construction
G-WholesaleTrade
H-Transportation
I-Accommodation |

J-icT

K-Finance
M-Professional
N-Administrative
O-Public

P-Education
Q-HumanHealth

R-Arts

S-OtherS
T-ActivitiesHouseholds

AINRVA

5 0 5

10

15

Figure 5 — Real Value Added per Hour worked for different sectors (1998-2007 and 2007 — 2019) (Coyle & Mei, 2023)

By 2019, total manufacturing output had failed to recover to pre-financial crisis levels (Figure 7)

(Rhodes, 2020).
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Figure 6 — UK Productivity Growth (Annual % Change) —

Output/hr worked (Rhodes, 2020)

Indeed, the slowdown in UK productivity growth since 2007/8 has been attributed largely to the

Whole
ecanomy

Manufacturing

2002 2004 2006 2008 2010 2012 2014 2016

Figure 7 — Economic Output, GVA (Rhodes, 2020)

2018

performance of both the manufacturing sector and the financial sector (see Figure 8).
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Figure 8 — Industry contributions to average annual UK labour productivity growth (Oulton, 2016)
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2.4 A Global Perspective

In 1970, the UK ranked in the top 20 (across 237 countries) for each of the 3 manufacturing output
measures shown in Figure 9. By 2015 the standings had changed dramatically. Indeed, the UK ranked
a lowly 118™ for ‘manufacturing output as a % of Gross Domestic Product’ (Rhodes, 2018). In 2020,

the UK ranked 10" in the global league for value added by the manufacturing sector to GDP (see Figure
10).

UK rankings for manufacturing output
Out of 237 countries, 1=highest United States

Cermany

20
Republic of Korea

China, People’s Republic of

United Kingdom of Creat Erit
] Northern
120 6 O

Russian Federation

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Figure 9 — UK Ranking for Manufacturing Output (Rhodes,
2018)

Figure 10 — Manufacturing sector GDP (University, 2023)

For almost two centuries, the UK has transitioned from a manufacturing nation to one that is services
led (UK_Gov, 2015). In the 1960’s, there was a sharp acceleration of that transition (see Figure 11).

Between 1998 and 2017, significantly more UK manufacturing jobs disappeared than in Italy, France,
Germany, and the United States (see Figure 12).

Composition of the labour force, England and Wales, 1841 to 2011

M pgricuure and fishing MM Manufacturing MM Services M Energy and water Construction

%

100
1841 1851 '1861 1871 1881 '1891 1901 1911 1921 '1931 '1951 1961 ‘1981 '1991 ‘2001 2011
Source: 2011 Census Analysis, Office for National Statistics
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Figure 11 — Labour force composition — England and Wales ( (UK_Gov, 2015)
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Figure 12 — UK Manufacturing Growth in Employment 1998-2017 (Economic Policy Institute, 2000)

The apparent demise of the UK manufacturing sector over recent decades is disappointing. However,
a cause for greater concern is that between 1998 and 2015, the UK manufacturing sector contributed
more to the overall slowdown of the economy than in many competing nations (Coyle & Mei, 2023)

(see Figure 13).

AT I

5 -4 3 I2
Confribution to slowdown, percentage points

Figure 13 — Contribution of slowdown from manufacturing sector across countries (Coyle & Mei, 2023)
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3. Views of Leading Economists

1. The movement towards a service-based economy was not unique to the UK, indeed this
happened across much of the developed world. Yet, there was one significant difference -
although manufacturing as a % GDP fell significantly across all these nations when calculated
using current prices, the same was not true when using constant prices (Chang, 2014):

e |nthe USA, Finland, Sweden, Switzerland — manufacturing as a % GDP increased.
e |n Germany, France, and Italy — manufacturing as a % GDP fell by < 10%.
e Whereas, in the UK — manufacturing as a % GDP fell dramatically.

This was a strong indicator that the UK had become uncompetitive relative to many of its
peers.

2. In a speech to the Bank of England in 2018, Professor Silvana Tenreyro evidenced that weak
capital investment was responsible for a third (see Figure 14) of the reduced productivity
growth in manufacturing when comparing the pre-crash period of 2000-07 against the post-
crash period of 2009-15 (Tenreyro, 2018).

mTFP Percentage points
W Labour quality
m Capital services
< Total

2000-07 2007-09 2009-15 Difference
(09-15 minus
00-07)

o r N W s v

PO

Sources: ONS and Bank calculations.

Figure 14 — Contributions to UK manufacturing average annual productivity growth 2009-2015 (Tenreyro, 2018)

Professor Tenreyro gave a compelling argument that the balance of reduced productivity
growth was due to onshoring — evidenced by a reduced relative price of manufactured goods

and a reduction in hours worked during the period 2000-07 when productivity growth was
strong (Tenreyro, 2018).

3. Between 2010-15, investment in fixed capital by the UK manufacturing sector fell more than
Spain, France, Germany, and the United States (see Figure 15).

Equipment investment in manufacturing’

2000-05 M 2010-15

10.0
Germany D o 8

q 7.7
United States I 5.0
8.4
France ——]
" 9.5
Spain I 6.3
9.5

United Kingdom S 6.0
Figure 15 — Average equipment GFCF over manufacturing GVA % (McKinsey Global Institute, 2018)
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GFCF is one of a few undisputed indicators of an economies cap ability to grow (Chang, 2014).

4. The reluctance of the UK manufacturing sector to invest in new capital since 2009, was
attributed mainly to the abundance of cheap labour available. Businesses chose cheap labour
over capital investments and as a result, unemployment hit a 30-year low (The Productivity
Institute, 2022) (Baily, Bosworth, & Siddhi, 2020). It is a concern is that the UK'’s reticence to
invest in capital equipment is not mirrored by the rest of the world — particularly the emerging
market economies (see Figure 16).

TFP Percentage points - 7
m Capital
=== | abour productivity e

T
w

T
Noow s

—
K e

00-0707-0909-16 00-0707-0909-16|

0-0707-0909-16 0-0707-0909-16 0-0707-0909-16
World

EMEs EA us UK

Sources: Eurostat, Feenstra, Inklaar and Timmer (2015), IMF WEQ, US Bureau of Economic Analysis and Bank calculations.
Notes: Decompositions use capital services data for the UK, but capital stocks for other countries.

Figure 16 — Contributions to productivity growth across different economic regions (Tenreyro, 2018).

5. The capability of an economy to grow is governed primarily by a countries ability to keep
transforming its production activities (Chang, 2014).
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4. Technology Adoption — International Comparisons

The countries that are contributing the most to global manufacturing output, China 20%, USA 18%,
Japan 10%, Germany 7% and Rep of Korea 4% (Rhodes, 2018) are investing in industrial robots (Error!
Reference source not found.). The UK did not make the “Top 15’ in the ‘international league table’ for
annual installations of Robots (Figure 17) (International Federation of Robotics, 2021).

Annual installations of industrial robots
15 largest markets 2021

China I 2652 +51%
Japan NN 472 +22%
United States [N 350 +14%
Rep. of Korea [N 311  +2%
Germany M 238 +6%
Italy [N 141 +65%
Chinese Taipei [l 96 +31%
France | 59 +11%
Mexico W} 5.4 +61%
India [ 4.9 +54%
Canada [} 4.3 +66%
Thailand | 3.9 +36%
Singapore 35 -35%
Spain |34 +1%
Poland | 3.3 +56%

0 50 100 150 200 250 300

'000 of units
Source: World Robotics 2022

Figure 17 — Global Installations (International Federation of Robotics, 2021)

The UK trails some of its peers in the use of Enterprise Resource Planning (ERP) software and the use
of Supply Chain Management software (Figure 18). Furthermore, the UK is behind the rest of the world
in adopting next generation technologies such as ‘Internet of Things’, Advanced Artificial Intelligence,
Converged Infrastructure, High Performance Computing and Virtual/Augmented reality (McKinsey
Global Institute, 2018).

The United Kingdom has gaps in value chain integration of digital technologies and lags behind in terms of

in in several t-generation technol
M united Kingdam M France [ | Germany Global
Adoption of digital technologies Invest: t in next-g ation technologie
% enterprises, 2017 % enterprises, 2017
I o
infrastructure 39
A Capabilties for
application acceleration - 30
31 (database, virtual a9
Use of customer - desktop infrastructure, etc.)
relations management - 27
46 High-performance - 29
computer technologies 36

©

Use of enterprise
resource planning

W

[S=s
]
w

software Virtual and
augmented reality 28
M -
Use of supply chain
mana ot - 13 Advanced artificial - 16
gement software - ntolinence
30 24

1 Includes Australia, Brazil, China, France, Germany, India, Italy, Japan, Mexico, Netherlands, New Zealand, Saudi Arabia, Singapore, South Africa, United
Arab Emirates, United Kingdom, and United States.

Figure 18 — Value Chain Integration of Digital Tech & Investment in next Generation Tech ( (McKinsey Global Institute, 2018)
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The United Nations Industrial Development Organisation (UNIDO) assess and score
competitiveness of different nations using three dimensions (UNIDO, 2021) — see Figure 19.

Manufacturing Manufacturing
value added per capita exports per capita

1st DIMENSION
Capacity to produce and
export manufactures

Competitive
Industrial ndustrialization

Performance intensity
[(«l]3)] 2nd DIMENSION

Technological
deepening and
upgrading

Export quality

Source: UNIDO, 2017

Figure 19 — UNIDI Competitive Industrial Performance Dimensions (UNIDO, 2021)

1. Dimension 1 focuses on the capacity to produce and export manufactured goods:

a. Manufacturing value added per capita, and,
b. Manufactured exports per capita

2. Dimension 2 looks at the technological deepening and upgrading through:

the

a. Industrialisation Intensity — assessing the complexity of the manufacturing process,

and,

b. Export Quality —looking at the technological complexity and total volume of exported

manufactured goods as a percentage of total exports.

3. Dimension 3 considers the world impact:

a. Manufacturing value added as a percentage of total global manufacturing value

added.
b. Share in global trade of manufactured goods.

In 2018, the UK ranked 15 overall (a drop of 1 place since 2017) — see Figure 20.
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Quintile

Top Republic of Korea
Top United States of America
Top Japan
Top Treland
Top Switzerland
Top China, Taiwan Province
Top Singapore
Top Netherlands
Top Italy
Top Belgium
Top France
Top Austria
Top United Kingdom
Top Czechia
Top Sweden
Top Spain
Top Canada
Top Mexico
Emerging industrial economies

Figure 20 — Global Competitive Industrial Performance Index — 2018 (UNIDO, 2021)
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However, when looking at the ranking for the UK against each dimension, there are deeper concerns
for the UK manufacturing sector. In particular, the UK ranks 35™ for technological deepening and
upgrading, which is not a surprise considering the lack of capital investment that was discussed earlier.

Rank in the
second
dimension

Global
rank

Rank in the
first dimension

Regional
rank

Economy

Rl=RE-TE B R O R O S

Germany
Ireland
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Netherlands
Italy

Belgium

France

Austria

United Kingdom

10
11
12
13
14
15

Figure 21 — Europe Competitive Industrial Performance Index - 2018 (UNIDO, 2021)
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5. Advanced Manufacturing Technologies

It is the recent acceleration in the available power of computing technology (including the
advancement in silicon GPU’s and CPU’s, hyperscale infrastructures and cloud computing) that has
enabled the storage, processing, interpretation, and manipulation of incredibly large volumes of data
to generate insights and use Al algorithms to make automatic highly intelligent decisions.

The factories of the future will involve highly complex and customised models that require the
integration and alignment of the entire supply chain for dynamic manufacturing (Frank, 2019). This
introduces technical challenges that might be obvious such as scale, complexity, and security.
However, it also introduces many new softer challenges such as the levels of acceptable transparency
to each stakeholder, accountability for data accuracy and IP rights (Castelo-Branco, 2019).

Some of these softer barriers can be broken though the adoption of blockchain technology and the
Web of Things (WoT) to ensure data consistency across different supply chain platforms and
protecting partner IP (Li, 2018). This would help to streamline the flow of goods, records and receipts,
tracking, financial transactions and possibly knowledge transfer across the whole value chain (Saglain,
2019).

5.1 lloT, MES and ERP

Industry 4.0 is bringing a new wave of automation in which connected systems and machines
outperform cognitive and physical human capabilities and unconnected systems.

The ‘Industry 4.0’ journey for manufacturing businesses and their supply chains starts with the
identification of the right IloT (Industrial Internet of Things) devices. This is the starting point for the
vertical integration of all equipment and systems incorporated within all the manufacturing processes
and management systems. It is also the starting point for involving the people who will interact with
them (Gilchrist, 2016). At the basic entry level for manufacturing businesses, this involves connecting
lloT sensors to automation and standalone machinery, which in-turn feed wireless gateways (see
Figure 22) that can be connected through the cloud to a simple dashboard (see Figure 23) for data
insights. Indeed, some IloT sensors can connect directly to the cloud without a gateway device.

9]

System OK

a» - 52

[l

Figure 22 — Typical lloT Sensors and Gateways (Frank, Figure 23 — Typical basic Dashboard (Frank, 2019)
2019)

The most frequently used communication protocols for IloT are OPC-UA and Message Queuing
Telemetry Transport (MQTT). Manufacturing and process data collected via Distributed Control
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Systems (DCS), Programmable Logic Controllers (PLC) and Supervisory Control & Data Acquisition
(SCADA) can be harnessed under an overarching Manufacturing Execution System (MES) that has 11
core functions such as Quality Management, Resource Allocation, Product Tracking, Process
Management etc. (see Figure 24) (Ghobakhloo, 2018).

MES Functional Model

Enterprise
Resources
Management

Supply
Chain
Management

Resource
Allocation
& Status.

Operations/
Detailed
Scheduling

Document
Control

Dispatching
Production
Units.

MES

Product/
Process
Engineering

Sales &
Service
Management

Product
Tracking &
Genealogy

Performance
Analysis

Maintenance
Management

Labor
Management

Quality
Management

Data
Collection

Controls

Copyright 1996 MESA International | www.mesa.org

Figure 24 — The 11 core functions of a MES system (Ghobakhloo, 2018)

A layer above the MES system, at the top of the hierarchy of connectivity, sits the Enterprise Resource
Planning (ERP) system (see Figure 25).

Enterprise

Resource 5 ENTERPRISE
Planning LEVEL

MANAGEMENT

MES LEVEL

SUPERVISION
LEVEL

Programmable CONTROL
Logic LEVEL
Controller

SHOP FLOOR = i

«— SCADA S

Figure 25 — Hierarchy of Connectivity (Ghobakhloo, 2018)

ERP creates the comprehensive information system that integrates all elements of the business.
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5.2 Automation & Robot Technology

The manufacturing sector has one of the highest potentials for automation across all sectors. A recent
study by the McKinsey Institute estimated the automation potential for manufacturing to be 60%
(McKinsey&Company, 2017) - see Figure 26.

T p for across sectors varies depending on mix of activity types
Size of bubble indicates % of Ability to automate (%)
time spent in US occupations | - e |
0 50 100
Unpredict- Predict-
Sectors by Inter- able Collect Process  able Automation potential
activity type Manage Expertise face physical data data physical %
Accommodation
® 73
and food services L . ‘ .
Manufacturing S ] ' ) . . . 60
Agriculture o . . . 58
Transportationand | o . . . 57
warehousing
Retail trade r @ . . . . 53
Mining ‘o @ e . o . 51
Other services . . . . ‘ . 49
Construction F @ . ® . ' o 47
Utilties I @ . . ‘ . . o 44

Figure 26 — Technical potential for automation across sectors (McKinsey&Company, 2017)

The greatest potentials for automation within manufacturing are in the areas of data collection,
processing data and predictable physical activities — some examples of the automation of predictable
physical activities within the food and drink sector (installed by EBS Automation — a Welsh System
Integrator) are shown in Figure 27.

Ultrasonic Portioning

Unload and De-frame place to Line

Decoration

Figure 27 — Robot Cell Food & Drink — EBS Automation

Scenario modelling by the McKinsey Institute estimates that automation could boost global
productivity by up to 1.4% annually.
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5.3 Discrete Event Simulation

Discrete Event Simulation software has been used for decades to create a digital model of
manufacturing lines to identify bottlenecks by simulating the flow of product through the different
machinery and internal logistics (see Figure 28). Capacity of the line can be optimised through an
iterative process of identifying the bottleneck, redesigning the layout to break the constraint, then re-
running the simulation to identify the new improved line capacity and the new bottleneck. The whole
cycle can then be repeated.

Figure 28 — Siemens Discrete Event Simulation Software (Plant Sim)

With the recent explosion of lloT devices, there is now an exciting potential for DES models to become
cyber twins of the physical lines. Real time data from the lloT devices on machinery can be fed to the
DES model for the execution of queries that support better planning, management and decision
making.

Work to create Digital Twins from DES models is in its infancy, but when coupled with Al and ML, the

opportunities for improving business performance are significant. This is an important area for
technology development (McKinsey&Company, 2017).
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5.4 Digital Twins

There are many providers of platforms for creating Digital Twins (see Table 1).

Company Platform Scale Function Application
GE Predix 1 million digital twins and hundreds of Secure monitoring of linked assets, industrial data management and analysis, cloud technology Aviation, power, medical, energy, transportation,
industrial apps applications and mobility finance, ete.
Siemens dsph of i y 1 Predictive energy data resource ion, etc. Industry, manufacturing and other fields
million devices and systems
PTC ThingWorx 21 enterprise applications, 142 plugins, 77~ Modernized rapid application development tools and service operations capabilities for application =~ Manufacturing
certified products developers or industrial SaaS operators
ABB Ability More than 70 million connected devices Remote monitoring services for robotics, motors and machinery; control solutions for building, Power automation, transportation, data centers, smart
and 70,000 control systems offshore and electric vehicle charging infrastructure; and professional solutions for energy mining, petr , and in,
management and ocean fleet routing optimization
Schneider EcoStruxure  More than 45,000 systems with 9000 Interconnection of power systems and equipment, data acquisition and analysis of equipment and Building, information technology, factories, power
system integrators optimization of industrial performance distribution, power grids and machines
Phoenix ProfiCloud Device access and interconnection, as well as data collection and analysis Wind power, photovoltaic power generation, oil and
Contact gas, water conservancy facilities and manufacturing
enterprises
Emerson PlantWeb / Equipment and energy analysis, equipment management, remote Support services Process industry
CASICloud INDICS More than 500 kinds of self- p R&D, lean facturing, intelligent services, smart enterprises, ecological applications,  Aerospace, high-end equipment manufacturing,
software and public research application and other industrial application capabilities of product life cycle automotive, and mold manufacturing
APP
Shugen Rootcloud More than 400,000 high-value equipment Operation monitoring, fault diagnosis, statistical analysis, equipment control, maintenance Energy, textiles, special vehicles, port machinery,
Interconnect management, spare parts forecasting, etc. agricultural machinery and construction machinery,
ete.
Haier COSMOPlat 28 application scenarios and 179 solutions  Product design, manufacturing, logistics and distribution, iterative upgrades, etc. Building ceramics, agriculture, motor homes, molds,
machinery, etc.
Zoomlion ZValley OS More than 200,000 sets of equipment, Device connection, big data analysis, micro service application APP, etc. Industrial Interconnect, Smart City, Smart Agriculture

more than 9000 kinds of data parameters

and Industrial Finance

Table 1 — Other industrial internet platforms (source (Tao, 2022))

The Siemens Mindsphere platform is particularly interesting for manufacturing, because of its ‘factory
twin’ application. An overview of the Mindsphere system architecture is shown in Figure 29, with
delineation between the cyber world and the physical world clearly shown.
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Operationalldata
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: Application 1
I(Digital twin modelling platform):

! Mindsphere
interface

Figure 29 — Mindsphere System Architecture (Siemens, 2023)
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Factory Twin is an application in Mindsphere that connects the DES virtual model to the lloT Physical
Assets in the factory by mapping them together. This creates a ‘true’ Digital Twin, allowing production
replays of real shop floor process activity. It also permits the modelling of ‘what-if’ scenarios to
optimise future production runs.

ndSphere
Shopfloor S .. m e e Simulations

SIEMENS

Factory Twin

Production replay
Bottleneck analysis
& +—— Throughput improvement —

a,-,«J.ﬁz;f temlradl
Connected factory - Resource optimization

>

Derive actionable production insights

Figure 30 — Factory Twin (Siemens, 2023)

5.6 Artificial Intelligence (Al) and Machine Learning (ML)

Artificial Intelligence and Machine Learning has come a long way since the first algorithms were
developed by Christopher Strachey at Oxford University in 1951 that performed reasonably well in the
board game of Draughts. There has been an explosion of interest in this field during the last decade,
mainly due to the advancements in high performance computing and cloud computing that has
enabled the processing of intensive data activities.

Al and ML have many potential applications across different sectors. Within the manufacturing sector,
these include Optimising scheduling in real time, predictive maintenance, automatic identification of
defective parts etc (see Figure 31).

Size of bubble indicates variety Agriculture @ Consumer @ Finance Manufacturing Pharmaceuticals Telecom
of data (number of data types) Automotive Energy ® Healthcare @ Media Public/social Travel, transport,

Volume and logistics

10

Identify Personalize
9 ‘ . . fraudulent . financial ng::ﬁ;ﬁe
transactions products 9
8 Identify and
Personalize crops to  Discover new navigate roads
7 individual conditions consumer trends
- Optimize pricin
6 . C’ . ‘ . Predict personalized alfdlschedpl:m:gg
- health outcomes in real time
ptimize
5 merchandising strategy
Predictive
4 ) ® . malntenance
(energy)
al _(( I | Y & @ \ . - Predictive maintenance 9
(manufacturing)

2 . . x . Diagnose diseases

1 ).‘ ( . . Optimize clinical trials

oL b . |

0 0.1 0.2 0.3 04 0.5 0.6 0.7 08 0.9 1.0 1.1 1.2 13 14 1.5 16 1.7 1.8 19

Impact score

Figure 31 — The Potential for Machine Learning Across Industries and Use Cases (source - (McKinsey Global Institute, 2018))
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For the ‘Food’ sector, Al has an important role to play in food security and food quality, through image
processing and mathematical modelling (see Figure 32).

Role of Al in food industry

Food security management ) f Food quality management )
(i) By using image processing and
recognition technologies. (i) Artificial intelligence for improving
(ii) By using Al in fertilizer management food quality.
to ensure safe food products. (ii) Mathematical modeling techniques for
(iii) By performing food inspection and managing food quality.
EEadIRE I R PRu T (iii) Machine learning techniques for
(iv) By using robots for safety of food and increasing the productivity of high-
food warehouses. quality food products.
(v) By performing food security using (iv) Use of pesticide management using
smart technologies and information AL
sharing mechanisms. J L )

Figure 32 — Al in the Food - (Kumar, 2021)

5.7 Blockchain

Blockchain facilitates transparency across businesses and their supply chains in a network where
traditionally, collaboration is not strong because of a lack of trust. Blockchain is the dawn of the ‘smart
contract’ era, eradicating paper contracts and transactions. Blockchain provides data attribution
through a robust mechanism of audit trail.

Blockchain is little more than a very intelligent database. It is a type of distributed ledger technology,
providing a single source of truth for transactions (Tao, 2022). The ledgers are decentralised in terms
of geography (with nodes located in different countries) and governance (where no single organisation
has control of the network). Blockchain is a data structure that contains blocks (containing
transactions, timestamps, and digital signatures) that are linked together by cryptographic hashes (see
Figure 33). The integrity is provided through the hash linkages i.e., tampering with Block#1 would
mean that the hashes in Block#0 and Block#1 no longer align.

Elock#0 Block#1 Block#2
index indax index
timestamp timestamp timestamp
previousHash L previousHash L previousHash
hash «——7 | hash «——1 | hash

data data data

Figure 33 — Blocks and Hashes (Tao, 2022)

This has significant implications for manufacturing. There is excitement about the development work
taking place to use Blockchain with Digital Twin technology to ensure the reliability of data that is
transferred between physical and cyber assets.
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5.8 Cyber Security

IEC 62443 is a series of international standards that provides guidance on Cybersecurity with respect
to automation and control systems. This series describes the minimum levels of security that the
manufacturing sector should provide within their operational systems and processes.
Recommendations for the protection of networks against internal and external intrusions include:

e The segmentation of production lines to create individual secure cells.

e VPN protection — a certification to allow remote access to the network.

e Zero Trust — Users must be identified and authorised before timebound access.
e Firewall and network management.
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6. The Social Perspective

6.1 Public Perception and Jobs

The link between productivity and living standards is well documented. Countries with high levels of
productivity have higher levels of Gross Domestic Product and higher value goods and services. These
productive countries also pay higher wages, and they have better healthcare, housing, food, holidays
etc... (Economic Policy Institute, 2000).

There is, however, a mistrust of technology by much of the public. It is born from a fear that technology
will take jobs from people. The reality is that only 5% of occupations can be fully automated, whilst
60% of occupations could have 30% of tasks automated by currently demonstrated technologies (see
Figure 34). Therefore, the real challenge that businesses face, is to identify the most efficient and safe
ways for humans and technology to work together.

100
91

73
51 62
% of roles 34 42
(100% = 18 26
820 roles) 1 8
100 >90 >80 >70 >60 >50 >40 >30 >20 >10 >0%
Example = Sewing machine = Stock clerks = Bus drivers = Fashion designers = Psychiatrists
occupations  operators = Travel agents = Nursing assistants = Chief executives = Legislators
= Assembly line workers = Dental lab technicians = Web developers

While about More occupations will have portions of their tasks automated e.g.

of occupations could have of occupations could have

close to

of tasks automated, of tasks automated

Figure 34 — Examples of Occupations and the levels to which they can be Automated ( (Manyika, 2017)
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6.2 High Value Manufacturing and Skills

To define High Value Manufacturing, the Cambridge University Institute for Manufacturing developed
the following matrix of metrics for each stakeholder and type of value (see Figure 35).

Financial Strategic Social
Cou ﬂtl’y e GDP impact payed e Sustainable ¢ Minimal
employment environmental impact

¢ Intellectual capital
development

* Employee capability
development

Investors * Return adjusted * Adaptability, * Acts ethically
for risk sustainability

e Long term growth

Em p]oyees * Pay, wages e Lifelong learning ¢ Personal
e Funding of retirement | * Opportunities for development
growth * Social interaction

* Work-life balance

Figure 35: Matrix of HYM metrics for each stakeholder (source (Livesey, 2006))
The challenge facing all UK manufacturing stakeholders is to move business up the value chain and

make high value the standard. The key to this is securing the benefits of high-skilled, knowledge-
intensive manufacturing operations whilst competing on unique value and innovation (Livesey, 2006).
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7. Conclusion

The productivity of both the Welsh and UK manufacturing sector is lagging international peers. It is
extremely concerning that the UK lags these peers and other countries from emerging economies who
are making significant investment in advanced manufacturing technologies. The Welsh economy is
more sensitive to the performance of the manufacturing sector since its percentage contribution to
total sector GVA is almost twice that for the UK. If the status quo remains, the Welsh manufacturing
sector (and indeed the UK manufacturing sector) will become increasingly uncompetitive — putting
pressure of jobs, communities, and governments.
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