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Do my best to provide you LEGO insights on

2

• New ways to improve business 

decision by technology/digital twin

• Our business journey and how to get 

to this point. 

• A demo of the technology and 

concrete examples of benefits and 

realisation.
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Compass Framework for Digitalization in LEGO Operations
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It’s all about capabilities!

Most consultant companies (McKinsey etc.) call out that 

I4.0 requires strong capability building to ensure that the 

organization can exploit the digital future stepwise at all levels 

of the organization.

This includes building all aspects of digital capabilities as listed 

in the capability model.

Why I4.0

McKinsey and many others have published reports quantifying 

benefits of I4.0:

Utilization of these new digital technologies can both drive new 

business models (horizontal) and drive further optimization in 

the present Supply Chain (vertical). The vertical approach to 

Industry 4.0, and to the digitalization aspect, is often referred to 

as the next level of LEAN. McKinsey , BCG

What is Industry 4.0

Industry 4.0 (I4.0) is a term used within manufacturing for 

making a smarter Supply Chain based on the fast development 

in multiple digital manufacturing technologies and data 

exchange. These technologies are all characterized by 

exponential development in performance vs. price – the below 

picture illustrates some of these technologies and the design 

principles.

Industry 4.0 - Wiki

The design principles of I4.0 are:

Interconnection: The ability of machines, devices, sensors, and people 

to connect and exchange data.

Information transparency: provides operators with vast amounts of 

useful information needed to make appropriate decisions – in real time.

Cyber physical systems to physically support humans by conducting a 

range of tasks that are unpleasant, too exhausting, or unsafe for their 

human co-workers.

Decentralized decisions: The ability of cyber physical systems to make 

decisions on their own and to perform their tasks as autonomously as 

possible.

Illustration of Industry 4.0 technologies – full image and source.

The I4.0 Value drivers by McKinsey – full image and source. Page 24/25.

Simplified I4.0 principle drawing linked to RAMI model – full image and source.

https://www.bcg.com/publications/2015/engineered_products_project_business_industry_4_future_productivity_growth_manufacturing_industries.aspx
https://www.mckinsey.com/business-functions/operations/our-insights/industry-4-0-demystified-leans-next-level
https://www.bcg.com/publications/2017/lean-meets-industry-4.0.aspx
https://en.wikipedia.org/wiki/Industry_4.0
https://www.i-scoop.eu/industry-4-0/
https://www.mckinsey.com/~/media/McKinsey/Business%20Functions/Operations/Our%20Insights/Industry%2040%20How%20to%20navigate%20digitization%20of%20the%20manufacturing%20sector/Industry-40-How-to-navigate-digitization-of-the-manufacturing-sector.ashx
https://en.wikipedia.org/wiki/Industry_4.0
https://www.mckinsey.com/~/media/McKinsey/Business%20Functions/Operations/Our%20Insights/Industry%2040%20How%20to%20navigate%20digitization%20of%20the%20manufacturing%20sector/Industry-40-How-to-navigate-digitization-of-the-manufacturing-sector.ashx
https://www.i-scoop.eu/industry-4-0/
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Elements Needed

Based on our maturity assessment and Funnel work, the choice 

is to focus on the vertical aspect of I4.0 and thus the 

optimization enabled by digitalization in Operations.

To build this, four basic elements are needed to stepwise 

mature and strengthen digitalization and linked capabilities:

Potentially more elements can be added, especially when 

looking at the horizontal aspects – e.g. AM, etc. – the rest of 

this paper will focus on Digitalization in Operations.

Current State of I4.0 in LEGO 

Maturity Report on I4.0 in LEGO

Early 2018, we made an assessment report on the state and 

readiness of I4.0 in LEGO Operations.

The key findings from this were:

- A need for building the enabling tracks of infrastructure.

- Many use-cases with potential benefits in Operations

- The use-cases covered the full McKinsey wheel – see below:

Readiness level of the nine technologies by BCG was 

evaluated and majority scored low to medium.

Funnel

Identifying and testing relevant I4.0 technologies and their 

applications in LEGO Manufacturing.

Much of the ongoing research in the IiO activities have a direct 

relation to the value drivers and levers of I4.0. This has made a 

strong foundation for identifying elements needed and potential 

benefits.

Activities in IiO

I4.0 Value drivers Data Utilization
The use of data for insights and optimization

Connectivity
Machines, devices and sensors connect and communicate with one another

System Simplicity
The ease of User Interfaces (UI) and communication via systems.

Simulation and Modeling
Digital imitation of material, equipment, process etc.

I4.0 Levers

HorizontalV
ertical



Improve next generation 
of equipment/products               

(Machine Learning/AI)

Predictive evaluation of 
quality and yield      

(Machine Learning/AI)

Fault Detection and 
Diagnosis                   

(Machine Learning)

Statistical Process Control 
(SPC/MSPC)

Data visualization

BI in Manufacturing

Data utilization
The use of data for insights and optimization

Current Compass Route

Diagnostic

Prescriptive

Descriptive

Paradigm shift

Descriptive

Descriptive

Paradigm shift

M
I 
w

. 
C

a
u

s
a

lit
y

B
I

M
a

n
u

fa
c
tu

ri
n
g

 I
n

te
lli

g
e

n
c
e
 (

M
I)

Operators are happy about the new diagnostic system installed on the 

machines, because he now, besides a warning, ALSO gets a clear 

indication of what causes this error and what they need to adjust. 

BI super-users now gets a uniform and comparable measure for 

productivity and performance in his area. Managers can now on an 

objective basis start comparing the performance of their area from 

day to day and with other areas.

Predictive

Operators uses the new real-time prediction of quality and productivity 

to adjust the process so that he gets the most optimal output.

Engineers are impressed by how Machine Learning can extract design 

criteria from historical production/process data and how this can be 

utilized to improve performance of new equipment and product quality.

With the addition of SPC an Andon signal is given even before the 

variance causes quality or productivity loss. So by being informed prior to 

a problem, operators are now able to act proactively and thereby 

significantly improve productivity and spend less time firefighting.

Technicians are using live data visualization to get a simple and instant 

overview of the process data. Now they have a great data foundation to 

identify the root cause for what needs to be fixed (reduce time spend for 

troubleshooting). 

Estimated timing and 

area used as 

Breakthrough Pilot 

ready for scaling.



Hive

Paradigm shift

Paradigm shift

Enterprise

Cross-domain

Coupled

Integrated

Monolithic

Modelling & Simulation
Digital imitation of behavior in material, equipment, process and/or performance

Current Compass Route 

Twin systems

Next Gen

Basic

Connected Twins  

Digital twin

As a manufacturer, I want my production system to adjust to changes on 

its own, so that I can focus on improvements, while my production system 

operates to it’s best possible performance on its own accord.

As a manufacturer, I want a real-time digital twin of my factory, so that I 

can make future predictions about my production to improve productivity 

and scalability across areas.

As a manufacturer, I want a digital version of my production, so 

that I can make fact-based decisions faster to improve productivity.

Autonomous
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As a manufacturer, I want my production system to adjust to changes and 

make improvement decisions on its own, 

so that I can focus on developing new products, not how they are produced.

As a manufacturer, I want my digital twins of factories to be coupled , so 

that I can make future predictions about my global production to 

improve productivity and scalability.

As a manufacturer, I want to couple digital twins and simulations from 

material, product design, manufacturing and supply chain, so that I can 

make future predictions about my global supply chain.

Estimated timing and 

area used as 

Breakthrough Pilot 

ready for scaling.



Ever-present assistant

Paradigm shift

Paradigm shift

Paradigm shift

Context assistance

Digital guidance

Instructive

Digital shop floor

Decoupled systems

User Experience
Digitalizing the user experience in operations

Current Compass Route

Assisted

Analog

Digital

Digital

As an operator, I need the system to guide me in reporting and 

scheduling tasks, so that I can focus at the task at hand and get notified 

on my next task.

As an operator, I need the system to order/structure the filtered 

functionalities and data, so I can follow standard procedures without 

relying on my memory to do so.

Today as operator, I have overlapping digital and analog systems, 

different system for process in operations. I need to carry data from one 

system to the other and record it in multiple decoupled systems.

Assisted

As an operator, I need the system to automatically connect to the 

surrounding equipment and filter functionalities and data based on my 

profile, so that I fluently can interact with the equipment and I do not have 

access to functionalities or data that I am not allowed.

As an operator, I need the system to a part of me, so that I am operating 

both real and virtually at the same time.

Guided

As an operator, I need all systems to be digital in order to connect and 

display the right information digitally. So that I only need to look in one 

system to get the needed data.

Estimated timing and 

area used as 

Breakthrough Pilot 

ready for scaling.



Paradigm shift

Paradigm shift

Inter-machine 
communication

Self identifying device 
entities

Network infrastructure

Connectivity & Automation
Machines, devices and sensors connect and automatically communicate with one another

Current Compass Route
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Interchangeable 
connectivity

Dynamic 

Dynamic 

Static/Dynamic 

Enabling 

As an Engineer, installing equipment in manufacturing, with the new 

network infrastructure of routers, servers etc. in place at all factory 

halls, it is easy for the Engineer to physically connect any new 

equipment.

As an Engineer the use of new and standard ways of doing data 

connectivity and data storage, makes it clear how machines can 

be connected and what protocols are supported. Both the 

Engineers and the machine suppliers benefits from the ease of 

collaboration enabled by the use of remote access to the machine 

and machine data. Multiple types of equipment and sensors are 

supported.

As a Technician the upgrade to the newest network standards 

really enjoys how easy he can move or install any equipment 

anywhere in the factories. The equipment self identify via wired or 

wireless network, and if any changes are made or extra sensors 

added, the network automatically askes the right owner for rights of 

data exchange.

Estimated timing and 

area used as 

Breakthrough Pilot 

ready for scaling.
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Roadmap for digitalization

11
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Ways to measure progress on Elements of I4.0:

Data Utilization User ExperienceSimulation and Modeling Connectivity

Operations I4.0 maturity report 

12

Number of 

production 

equipment 

connected w. full 

read and write.

Number of 

papers 

substituted

to 

paperless

250892

1533

14

Number of 

data 

enriched 

CAD 

models

Number of 

equipment 

with Digital 

Twin 

enabled

Number of  

instructive

interfaces

Number of 

manufacturing 

process w. live 

Process 

Visualization

23

159 27

6

182 42

14
6

Goal 

2022

Goal 

2019

Ratio of 

employees 

capable of 

using mobil

phones

Employees 

capable of 

doing 

digital data 

analytics 

100%42

78%

2

Number of 

manufacturing 

process w. live 

BI reporting

123

159

https://en.wikipedia.org/wiki/Digital_twin
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©2018 The LEGO Group

Modelling & 

Simulation
Key techniques and tool-kits for integrating 
new technologies
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Modelling and Simulation

©2018 The LEGO GroupPage 14

Main types of modelling & simulation 
• Physical – resembles a real phenomena
• Mathematical – uses symbols to describe phenomena
• Process – describes steps and flow

What is it?
• The use of a physical, virtual or logical representation of a given system to generate data and help determine 

decisions or make predictions about the system

Opportunity
• Increase understanding of the real world, communicate better and faster, and make more informed decisions
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Candidates for Modelling and Simulation in Operations

©2018 The LEGO GroupPage 15

ElementMaterial Equipment Production DistributionDevelopment

Focus in 2019

Relevant candidates
• Potentially, all processes and physical artifacts in the value chain. The relevant candidates include the ones involving 

decision making on complex situations where cause and effect are unclear

Existing examples in Operations
• Computer Added Engineering Flow simulations (material + equipment), Robot simulations in R&D (equipment), Decoration 

printing topology (material)

Focused approach
• In 2019, demonstrate how production simulation capabilities that can be leveraged
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Modelling & Simulation in Production - Ambition 2019 

©2018 The LEGO GroupPage 16

Understanding 

– Visualization of factories and work stations

– Performance statistics

– Dynamic/stochastic outcomes

Decision Making

– Foundation for fact-based decisions

– Create ‘what-if’ scenarios

– Impact of investment decisions

To build a foundation for factory modelling and simulation in Operations, through demonstrations and pilots show-casing opportunities and 

adding value locally while building capabilities   

Communication

– Visual communication of behaviour/activities 

– Improved knowledge transfer by models
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Pilot for Virtual factory prototyping for scenarios testing and decision making - improves quality and 

speed of decisions. Pilot as an integrated part of the factory layout verification project

©2018 The LEGO GroupPage 18

Resource Requirements

• 1 full-time internal simulation resource in E&M

• 1-2 days/week support from Innovation in Operations

• 1-2 days/week external consultancy (Siemens)

• Full integration in IF verification core team 

Purpose 

Improve understanding, decision making, 

and communication through factory 

simulation as a competency - visualizing 

production layout, flow, and capacity 

planning prior to shop-floor implementation

Explore Demo Pilot Launch



Sensitivity: Confidential

Demonstrator of factory cell (IF) verification setup

©2018 The LEGO GroupPage 19
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Demonstrators are in first stages of the pyramid - still at low maturity and early in 

the innovation funnel 

©2018 The LEGO GroupPage 20

Tangible Outcomes: Insights into the future factory including, among others: Factory layout (3D), total production flow, 
potential bottlenecks, energy consumption, resource capacity (man & machine), and production consequence of quality errors

Are these capabilities worth pursuing?

• Relevance from your point of view?

• What would it take to grow modelling and 
simulation as a LEGO capability?
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Learning so for modelling and simulation

©2018 The LEGO GroupPage 21

Hard Skills
• Modelling 
• Factory simulation (including programming skills)
• Business understanding 
• Simulation user training
• Governance and maintenance 

Soft Skills
• Communication
• Collaboration
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Questions?


