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Future Limitation of Warming to 1.5°C
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How to master an engineering challenge of epic proportion

Source: BCG
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Scope 3 upstream Scope 3 downstream

Scope 2

Manufacturing
Operations

Scope 1

Illustrative

To reach net-zero, full range of scope 1-3 must be used …

Procured products, transport of 
supplies, travel

Transport of products, usage of sold 
products, product disposal

Power, steam, heatIn most companies 
Scope 3 is responsible 
for around 80% of a 
company’s emissions
BCG: The Climate Actions Companies 
Should Take Today

Audi e-tron: 6,000 
parts manu. by 300 
different suppliers at 
550 loc. in 37 count. 
DER SPIEGEL: So viel China steckt
in einem deutschen Audi



© Werkzeugmaschinenlabor WZL / Fraunhofer IPT4

Scope 3 upstream Scope 3 downstream

The problem must be thought from the beginning ...

Power, steam, heat

Scope 2

Manufacturing
Operations

Scope 1

Product ENG
Recycling

Automation

design for 

design for 
Repair

design for 

CO2 foot print

design to min
Design4X



© Werkzeugmaschinenlabor WZL / Fraunhofer IPT5

• Inefficiencies in processes / 
resource consumption

• Engineering complex due to need 
for multiple target criteria

➢ Higher data interoperability 
accelerates engineering

Low data interoperability prevents sustainable engineering

Engineering

Lifecycle

Product

1. Information Technology

Connection

Product

Design

Factory

Design

Factory

Automation

Supply

Chain

PLM Systems

Scope

1-3
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Scope 3 upstream Scope 3 downstream

Scope 2

Manufacturing
Operations

Scope 1

Illustrative

What contribution can Manu-Ops make to CO2 savings?

Procured products, transport of 
supplies, travel

Transport of products, usage of sold 
products, product disposal

Renewable Power, Elec. & Fuel SwitchCircularity Efficiency CCUS

CO2

emission 
leavers
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Coverage 

of scenarios

T

#

S

#

Rare critical issueup to 3 months

Minimum for

reliable AI

Data availability

at SOP

Scope

1

Lack of data @SOP prevents using AI. The result is waste of resources …
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Scope 3 downstream

Reduce global sourcing by relocating production ...

Power, steam, heat

Scope 2

Manufacturing
Operations

Scope 1

41% plan to 

insource at least a 

portion of its value 

chain from suppliers1

Source: 1 BCG study “Boosting Resilience with Production as a Service”

... but how to compensate 

higher wage costs & 

shortage of skilled workers ?
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Many operations are too versatile for traditional automation 

… because robotic systems lack a situational 
understanding / causal model of the real world

Adaptable handling of 
geometrical variances

Challenging 
workflow sequence

Complex handling of 
flexible components

Low accessibility of 
assembly locations
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Digitalization & Automation: key enablers for sustainability

Data Mesh

Technology

Cloud / 
Edge 

Computing

SW-Defined
Networks

Industrial
Metaverse

AR/VR
Technology

ML / DeepL

GenAI

Container
Virtual 

Serverless

Industrial
Internet of

Things

Cyber
Security
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AI Visual Inspection for Defect Detection in Manufacturing

Photorealistic

Rendering

Source: Sky Engine AI

Computer Vision

Technology

Wrinkles

Folds
Elevations

& Bulges

Depressions 

& Dents

Synthetic Data

Generation

Photorealistic

Rendering
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Industrial Metaverse contribution to net-zero ambition …

Photorealistic rendering

P

S

Product design
incl. domain specific

meta data

Factory automation
incl. domain specific

meta data

conversion conversion

Photorealistic ScenesReal-time (I)IoT data Generative AI

Integrated Factory Model

SIM-2-Reality

Cognitive Robotics

Scenario creation

Scene generation

Combined

scene model

Source: BCG

Low data inter-

operability prevents 

sustainable 

engineering

Lack of production 

data at SOP prevents 

using AI - the result is 

waste of resources 

Because handling 

tasks are to versatile 

for traditional robotics, 

labor-intensive ops 

is outsourced

Manual Operations

Manufacturing

Engineering

Build causal models of the 

real world by applying 

GenAI approach to enable 

new robotic capabilities in 

manufacturing operations

Improve collaboration

across application 

domains by using 

combined scene models

Use photorealistic rendering 

& synthetic data generation 

to provide AI training data at 

Start of Production (SOP)
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Industrial Metaverse contribution to net-zero ambition …

Photorealistic rendering

P

S

Product design
incl. domain specific

meta data

Factory automation
incl. domain specific

meta data

conversion conversion

Photorealistic ScenesReal-time (I)IoT data Generative AI

Integrated Factory Model

SIM-2-Reality

Cognitive Robotics

Scenario creation

Scene generation

Combined

scene model

Source: BCG

Low data inter-

operability prevents 

sustainable 

engineering

Lack of production 

data at SOP prevents 

using AI - the result is 

waste of resources 

Because handling 

tasks are to versatile 

for traditional robotics, 

labor-intensive ops 

is outsourced

Manual Operations

Manufacturing

Engineering

Build causal models of the 

real world by applying 

GenAI approach to enable 

new robotic capabilities in 

manufacturing operations

Improve collaboration

across application 

domains by using 

combined scene models

Use photorealistic rendering 

& synthetic data generation 

to provide AI training data at 

Start of Production (SOP)



© Werkzeugmaschinenlabor WZL / Fraunhofer IPT15

Paradigm shift in collaborative ENG across app domains …

USD

Product Design Factory Automation

Universal Scene Description (USD)

Combined Scene

Model

USD

Supply

Chain



© Werkzeugmaschinenlabor WZL / Fraunhofer IPT16

… enables sustainable product- / production system design 

USD

Product Design Factory Automation

Universal Scene Description (USD)

Integrated Factory

Model

USD

Supply

Chain
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Industrial Metaverse contribution to net-zero ambition …
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Starting point are existing product & factory design data …

Kinematic

Simulation

Photorealistic

Rendering

... closes the 
SIM2Reality gap
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In a next steps its about building scenarios of reality …

Photorealistic

Rendering Outdoor weather
& indoor lighting

Object materials 
(e.g. walls, floor)

Object placement 
(e.g. packages, 

vehicles, shelves)

Synthetic 

data 

generation

Source: Sky Engine AI
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... to enable AI Quality Defect Detection at SOP

Photorealistic

Rendering

Synthetic Data

Generation

Computer Vision

Technology

Wrinkles

Folds
Elevations

& Bulges

Depressions 

& Dents
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Avoid scrap using synthetic data & photorealistic rendering

Additive failure

Surplus structures from 

previous processes

Missing parts

Broken out structures

Surface errors

Scratches, color 

defects, …

Rendering Train AI Identify Quality Defects at Start of Production (SOP)Synth Data

Engineering & Simulation Manufacturing Operations
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Industrial Metaverse contribution to net-zero targets …

Build causal models of the 

real world by applying 

GenAI approach to enable 

new robotic capabilities in 

ManuOPS

Improve collaboration

across app. domains by 

using combined scene 

models

Photorealistic rendering

P

S

Product design
incl. domain specific

meta data

Factory automation
incl. domain specific

meta data

conversion conversion

Photorealistic ScenesReal-time (I)IoT data Generative AI

Use photorealistic rendering 

& synthetic data generation 

to provide AI training data at 

SOP

Integrated Factory Model

SIM-2-Reality

Cognitive Robotics

Scenario creation

Scene generation

Combined

scene model

Source: BCG

Low data inter-

operability prevents 

sustainable 

engineering

Lack of production 

data at SOP prevents 

optimization - the 

result is scrap

Because handling 

tasks are to versatile 

for traditional robotics, 

labor-intensive ops 

is outsourced

Manual Operations

Manufacturing

Engineering
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The evolution of AI is an evolution of relationship management​

State Machine

Machine

Learning

Deep

Learning

Generative AI

T

Power

(model parameters)

The rise of Big Data around 2000 

enables the processing of data in 

previously unimaginable volume, 

velocity & variety (Hadoop). Boost 

for statistical ML methods using 

polynomial relations for 

regression or classification tasks.

>100m

10

175B3

Deterministic behavior Probabilistic behavior

Encoder

Positional 

encoding

Output 

sequence

Decoder

Input

sequence

Positional 

encoding

Shifted input 

sequence

I/O Relation
Polynominal Relation

Spatial Relation

Since solving the vanishing gradient 

problem in 2006 deep multi-layer

nets can be trained. The nodes 

describe spatial relations between 

object fragments to predict an 

outcome. It relies on labeled data 

and is used for narrow prediction.

In 1969 Richard E. Morley dev. the 

first Programmable Logic Controller 

to replace relay logic machines. The 

functional principle of PLCs remain 

unchanged to this day. It’s rigid, 

sequential logic guarantees 

deterministic control behaviour.

2017, transformer uses self-attention 

mechanism4 to analyse very long 

range dependencies between 

elements in a sequence of large data 

foundation models ($10m cost). App. 

from NLP (ChatGPT) over image, 

code gen to protein folding (AlphaF).

Object Relation

Cat

>1m

Source: BCG
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Extensive generalization abilities

First robotic Transformer model for real-time control

Multi-task Robotic

Transformer Model (RT-1)

is built on a transformer 

architecture that takes a 

short history of images from 

a robot’s camera along with 

task descriptions expressed 

in natural language as inputs 

and directly outputs 

tokenized robot actions.

Real World Data Set

The RT-1 is trained on a 

large-scale, real-world 

robotics dataset of 130k 

episodes that cover 700+ 

tasks, collected using a fleet 

of 13 robots over 17 

months.

Real World Challenge

Robots did not benefit from 

GenAI so far because

• lack of large-scale & 

diverse robotic data

• data collection is 

particularly expensive 

& challenging to create

• inference models are 

not fast enough for 

real-time control

Instruction

Pick rice chips from top 

drawer and place on counter

Images
FiLM

EfficientNet
TokenLearner Transformer
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n
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rm
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e

RT-1
3 Hz

(1
+

y
)

ß

88%
63%

38%
63%

75%

25%
50%

75%

50%

50%

38%

BC-ZRT-1 (ours)

0%

GATO BC-Z XL

Generalization Level 3

Generalization Level 2

Generalization Level 1

Source: Google Research
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Now replace the kitchen environment with a warehouse …
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However, to achieve the climate targets, an additional rethink is required …

Scope 3 upstream

Procured products, transport of 
supplies, travel

Scope 3 downstream

Transport of products, usage of sold 
products, product disposal

Power, steam, heat

Scope 2

Manufacturing
Operations

Scope 1

… products should be able to be used for a significantly longer period of time
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As-a-service business models will help to set the right priorities

Software 

as-a-Service

Equipment / Machine

as-a-Service

Smart Factory

as-a-Service

Source: 1 BCG study “Boosting Resilience with Production as a Service”, Picture: Siemens

40%

plan to outsource 
product capacity to 
external service 
providers1
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What prevents companies from using Production-aaS ?

Source: BCG Factory of the Future survey 2022

Note: Survey question: “What do you see as main challenges to using production as a service?” 

Respondents were asked to select their top three

26

32

33

33

38

40

45

52

Regulatroy hurdles

Financing challenges

Liability challenges

Control of users with regard to capacity

Commerical process (pricing, billing, payment)

Intellectual property protection

Finding the right users to share production infra.

Technical challenges
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It’s an epic ENG challenge let's get started - time is running!

Low data interoperability and lack 

of transparency along the value 

chain prevents sustainable 

engineering.

An Integrated Factory Model is 

needed that allows design for 

recycling, repair, re-use, 

automation … from the ground 

up.

Production of scrap especially at 

SOP is a key scope 1 emitter.

Photorealistic rendering and 

synthetic data generation can 

help to close the SIM2reality gap 

and provide training data @SOP 

to prevent scrap.

Sustainable Engineering Close SIM-2-Reality Production-aaS Model

Today, 50% of products come 

from "best-cost countries". To 

reduce CO2 through global 

sourcing, relocation into high-

wage countries is needed.

Progress in GenAI enables 

robots to take over complex 

tasks previously reserved for 

humans.

Next level of Automation

To significantly reduce resource 

consumption, products must be 

able to be used for much longer.

This requires new as-a-service 

business models to make 

optimum use of resources in the 

sense of a circular economy.
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It was a pleasure to speak on behalf of this group of experts

Visit Smart Automation Lab (SAL) – Tour 6

ADITEC - Steinbachstraße 25
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Makino Europe GmbH
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Thank you very much for your attention!THANK YOU 

Dr. Tilman Buchner
Partner & Global Leader ICO
Boston Consulting Group
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