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COMPLEXITY AND PRODUCTION SYSTEM INTEGRATION

Production technologies: From the first

Industrial revolution to the fourth
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Figure 3: Revolutions still in the making
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Figure 4: Digital production technologies
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Table 2: What digital production technologies have to offer

Digital Production Impact groups
Technology Drivers

Revenue
improvement

Cost reduction

Fixed capital

Working capital

Environmental
impact

Higher Capital
Utilisation

Social resilience

Impact mechanisms

Product/service innovation,
customisation and quality

Time to market and Higher product
availability / up-time

Revenue expansion of existing
businesses

Manufacturing and supply chain
costs, including logistics

Process improvements, task-
efficiency, fund-flow use

' Improved asset utilisation

Reduced equipment investments

Increased inventory turnover

Improved cash-to-cash cycle

Product energy efficiency,
advanced materials & funct’s

Process energy efficiency, new
business models

Organisational task allocation
models

Organisational productivity,
workers skilling

Sowurce: Authors, based on the methodology proposed by King, 2015 (NIST)






Table 3: Capability matrix for digital industrialization

FUNCTIONAL
AREAS

CAPABILITIES

Production
capabilities

Investment

Product design

Process
engineering
& production
planning

Strategic
control

Manufacturing
production

Supply chain &
linkages
management

Post-

production
services

Feasibility
studies

Market analysis
Competitors
analysis
Production

technologies
procurement

Recruitment of
skilled personnel

Reliable energy
supply

Product design
& definition
(CAM/CAD)

Product
functionality
definition

Product
specifications
execution
Product
customization
Product
prototyping
Product scaling
up

Product

standards
compliance

Process design &

engineering
Process
up
Process
optimization
Process
management
Process
standards
compliance
Demand
forecasting
Inventory
delivery
management

scaling

quality

&

Financial flows
management
Workforce flow
& incentives
Inventory control

Production
operations
control

Material
processing
Intermediate
goods assembly

Machinery
automation
Machine
operations
monitoring
Product quality
management

Testing.
inspections &
validation
Packaging &
logistics

Materials
sourcing
Intermediate
goods sourcing

Suppliers
monitoring

Product quality
management

Distribution
Marketing
‘Waste
management
Maintenance
management

Product
cycle
management
Service quality
management

life-

Product services
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Technology
absorption
capabilities

Seizing market
opportunities
Seizing
technology
opportunities
Joint  ventures
development

New
design
assimilation
Product reverse
engineering
Re-definition of

product
functionalities

product

New
design
assimilation
New production
technologies
acquisition
Software skills

process

Financial
commitment
Engineering
skills acquisition
and development

Automation
skills
CNC

Information and
communication
technologies

Linkages
development
with science &
technology
institutions

Legacy
system
retrofitting
capabilities

Software
licensing
management

Reliable energy
supply

Reliable
connectivity

Additive
manufacturing
for prototyping

Process re-
modularization
Process re-
engineering &
scaling up
Software
engineering
skills
development
New process
optimization

Medium-term
financial
commitment
Re-organization
of workforce
flow &
incentives
Worker
retraining
Production
operation
connectivity
control

and

Automation systems development
and use of robotic arms

Additive

manufacturing for

customized production

Technological

collaboration with

suppliers and actors downstream &

upstream
Sensors.

actuators

& embedded

systems for data and process control

New
life-cycle
management

product
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Production
system

integration
capabilities

Seizing Product R&D
technology Materials R&D

integration for
solutions

additive

manufacturing

analytics
product

Seizing
organizational
integration
solutions

Data  analytics
for decision-
making

Data
for

design
Cyber physical
systems for
virtual  product
design

Process R&D
Cyber physical
systems for
virtual  process
design
Technology
integration
Agile production

Long-term
financial
commitment
Organizational
integration
Digital skills
development

Software
platform
development
Big
analytics
Data  analytics

for inventory
control

data

Industrial robots and cobots
deployment
Additive manufacturing

customized and agile production

Internet of Things (ability to use
horizontal & end-to-end integration
systems)

End-to-end engineering capabilities
to engage with the industrial
ecosystem

Dynamic capabilities in supply chain
management, with real-time
production of data

for

Data  analytics
for distribution
Data  analytics
for marketing
Circular
economy

Internet of
Things

Enabling
infrastructure
capabilities

Digital product engineering skills
Digital process engineering skills

Digital technology institutions infrastructure

Data ownership policy and
accessibility

software

licencing

Digital
workforce skills

Reliable energy infrastructure

Bandwidth connectivity
infrastructure (ethernet and wireless)

Software licensing affordability

Physical
infrastructure
Logistics
infrastructure







