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SUSTAINABLE
PRODUCT
DEVELOPMENT=+
LATEST INSIGHTS




DECISIONS MADE DURING PRODUCT DEVELOPMENT PHASE HAVE

19

SIGNIFICANT IMPACTS TO COMPANIES' BUSINESS ACTIVITIES

Due to complexity of SPD, it is necessary to
understand its basic principles

Characteristics of SPD

\terative
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When cost concern hinders sustainable product design,
sustainability is the key enabler for success now and in the future

TOP LINE BENEFITS

=
IiE

__

BOTTOM LINE BENEFITS

RISK MANAGEMENT BENEFITS

PRODUCT INNOVATION BENEFITS
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EUROPEAN MANUFACTURING COMPANIES HAVE RECOGNIZED THE
IMPORTANCE OF SUSTAINABILITY, BUT THEY ARE ONLY HALFWAY THER

Externally driven sustainability approach usually leads to poor sustainability performance

Distribution of SPD drivers

T

A Voice of the External

Customer (VoC)

drivers,
%
. Tier 1 external drivers v
A
A Competition
Tier 2 external drivers A Legislation
A Ext. Targets
A Risk mitigation
Internal
drivers,
) %
Internal drivers

A Values
A Strategy
A Motivation

2018 2023 2028*
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SUCCEEDING IN SUSTAINABLE PRODUCT DESIGN REQUIRES 9
COMPANIES TO STEP UP

Four domains which companies must master to achieve sustainability in product design

OBTAIN MUTUAL SUSTAINABILITY ENSURE COOPERATION IN LONG
UNDERSTANDING VALUE CHAINS

&

FORM A COMPREHENSIVE LIFE
CYCLE APPROACH

ENABLE SUSTAINABILITY
CONTINUITY
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WHAT DOES
SUSTAINABILITY
MEAN AT

CAPGEMINI?




LET'S ZOOM INTO SUSTAINABILITY IN PRODUCT 4
DEVELOPMENT

SYSTEMS ENGINEERING & ARCHITECTURE & SOME DOMAINS LINKED TOWSTAINABILITY +FINDINGS

Systems
Value Engineering Engineering
Model & Architecture

Based
Systems

Engineering

; Context
~ System
Life cycle

Function

Bioinspiration
Ecodesign
/Life Cycle
Assessment




¢

LET'S ZOOM INTO SUSTAINABILITY IN PRODUCT DEVELOPMENT

All along development lifecycle, some questions need to be tackled concerning environmental concerns
(one part of Sustainable concerns)

&—— DEFINE e IDEATE ®e CO-CREATE ®e SELECT e LAUNCH —o
‘ E%m @ % hij
Solution Cost

Analysis of [l 7 SENEErE Benchmark Evaluation

5”?52%3.?5:!'“’ 71\ @ ® —~ !
o @ o @8 o ) o B o LH o

Final decision
BUSINESS meeting IDEA CLOSURE

Value quantification @ CONCEPTS
SUMMARY TO EXPLORE . . CASES SELECTION MEETING

@« Technical Measuring |mpacts on
analysis susta|nab|l|ty LCA)

START

1\

Project Goals &
Target Settings Prioritization



+ THIS MEANS TO YOU?

The ambition is to

A Propose a structured approach

A Be compliant with existing frameworks & on -going initiatives
A Answer the needs

SHARE DEFINE DEVELOP OPTIMIZE
Share the Define Develop Optimize
descriptions of objectives / together architectures &
the system in Sustainability System-of - build ecosystemic-
terms of Needs for taking Interest & some centric
/Problems decisions based key Enabling architectures

/solutions on objective Systems
elements

ASSESS

Assess
Environmental
impacts based
on same
reference data

IDENTIFY

Identify
sustainable
solutions for
building more
sustainable
solutions



An extensive methodological framework of development with ' o
AN AN SWE R methodological bricks off -the -shelf
- Integrated via Methodological backbone
- Supported by Systems Engineering & Architecture framework

Manu- .

. Eco-design
facturing Costing ) g
A Life Cycle

_ Assessment

A Social LCA Aero
Specialties dynamics
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HOW DOES MBSE
ENABLE
SUSTAINABLE
PRODUCT
DEVELOPMENT?




Model-based systems engineering
(MBSE) is the formalized application of
modelling to support system
requirements, design, analysis,
verification and validation activities
beginning in the conceptual design
phase and continuingthroughout

development and later life cycle phases




WHAT IS THE ROLE OFMBSE?

/ Establish an efficient product
/ line strategy per products and \

- O E e e . -

derivatives based on reuse: \ / \
\ Specifications / / Ensure data and models \
. _ _ :?]‘ta:rlf‘;:é"se”ts / /  continity through to \
Digital A_rchltecture & Design to \ \ Svetor desian manufacturing and operations:
/ reduce time to market: \ \ Aﬁalysis 2 T?a ot / / \
i f i Test plans
( dSYf§t€tm desig®& product varianceanalysis N \ P // ( Engineering Ecosystem modeling )
efinition. ; ; : ;
. - S R including enterprise architecture.
\ [{Iodular archrlltecture definition forProduct / '?- \ MBSE Modeling of manufacturing /
InEEaEEl, : systemsfor capturing system
\ Design& modc_els |ntgrfacesnan§gement./ i \ architecture, interfaces tradeffs
Models and simulation focodesign / and change impacts. /
\ management. \ Development oDigital Twin
\ Requirements to design traceability/ .. \ /
/ —_—e e o= wf
MBSE (Model Based
Systems Engineering): is
/ MBSE & Simulation to ensure \ / AN
digital continuity in shared _/ \Virtual testing to anticipate & \
/ workspace: )" b / optimise validation: \
Standardmodel configuration. \ . .
( Behavioramodel generation(SysML Simulink, C). / Standard model configuration. )
\ Simulation coresdeployment. / Definition ofvalidation plan& test
Real time simulation& co-simulation / \ g‘eans-t  orotocol & test /
management. reparetest protocol & tests
\ DoE& smart surrogate modelingactivitieg! \ deployment. /
Model retrofit based upon Design for \ gé:fg‘;r;i"r\’sre In the Loop) /
Manufacturing. .
\ \ Theorical models and simulation
-— e e = = - / testsmodelsmerge. /
| Y S
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SYSTEMS ENGINEERING IMPLEMENTATION

Traditional approach VS. Model -based approach (MBSE)

CONCEPTS OF OPERATIONS CONCEPTS OF OPERATIONS

v ]

A

/ A
X g SYSTEMS ¢
REQUIREMENTS & ARCHITECTURE . SYSTEM VERIFICATION & VALIDATION REQUIREMENTS & ARCHITECTURE SYSTEM VERIFICATION & VALIDATION
ENGINEERING
LM
.
L
\y
DETAILED DESIGN INTEGRATION, TESTS & VERIFICATION DETAILED DESI NTEGRATION, TESTS & VERIFICATION

IMPLELENTATION

S m ¥ [ 8,0
\ v i ’\( ” wad ’ ity wad

MECHANICAL SOFTWARE E/E-HARDWARE IMECHANICAL SOFTWARE p E/E- HARDWARE
ENGINEERING

DEVELOPMENT DEVELOPMEN’ ENGINEERIN
x4 A\ W 4

- 2 v

IMPLEMENTATION

ENGINEERING

=3

Document centric Model centric
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CHALLENGES OF ENTERPRISE MBSE ADOPTION 2

Cultural Change:

A Resistance to change
A Skilled workforce Tools & Infrastructure:
A Continuous development in MBSE
competencies A Fully collaborative development
A Management buy -in environments.
A Global MBSE training initiatives A Toolset integration across
A Continuous support to users, lifecycle.
especially early adopters. A Configuration management of
PEOPLE full digital thread across
toolsets.

Global Processes: _
A Maintenance & updates of tools

A Common MBSE approach & infrastructure.

across the organisation
Governance of MBSE approach
Maintenance & updates to
MBSE approach

Reuse strategy

PROCESS TECHNOLOGY

o Io P>



CAPGEMINI MBSE OFFERING @

@ What do we propose?

Bring best in class industry process and tools, raising Collaboration & Digitalization at scale, 1. Systems Engineering Consulting

to achieve your business drivers across the lifecycle (Engineering, Manufacturing, Service): Supporting strategic business ambitions with an ROI -oriented enterprise

A Speed to Market : Reduce Time To Market, from Lead time to Cycle time transformation roadmap.

. - - . v

A Efficiency at Scale : Improve Efficiency on local and scaled scope of your Lifecyle i _

" . . . : . : 2. Transformation and Implementation

A Future -Proof : continually innovate, manage complexity and guarantee best practice with : : . .
certifications It)mp!ementlng at scale best in class methods and tools to modernise your industry

" . . o i usiness

A Business agility : and address market demands by delivering flexibility for your assets. A f A

A Improved Quality: reduce design & manufacture defects through early validation of [P 3. Engineering -as-a-Service
solutions in the model based environment. @ Industry expertise running collaborative engineering for complex products &

systems across the lifecycle

Our assets

Over 4500 Experts on Systems Engineering practice and more than 20 years of investment and development:

MBSE Deployment Approach

Process and maturity model for MBSE value assessment and capability growth
with actionable guidance during capability development areas and approach

MBSE Eco-System

Capgemini partners with international systems engineering standards
organizations such as INCOSE, sectorial organizations for Automotive, A&D,
LS, and with the major platform vendors.

11 gObe

AUTESAR

MBSE Academy

A coordinated training capability includes on -line and in-
person training and conformance to certified higher education
standards.

MBSE Labs

Capgemini dedicated MBSE labs focus on solution benchmarking for
various industries. The labs serve as both customer experience centers
and training environments.
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WHERE HAS
CAPGEMINI
DELIVERED
SUCCESSFUL
OUTCOMES?




® WH E RHEHAS CAPGEMINI DELIVERED SUCCESSFUL OUTCOMES?

Ecodesign for Value

From il Program : Futire of Engineering IS4 Project : CONAL OneVaics

Horizontals & Technologies

Systems Engineering

Description

Most of the time sustainable aspects are not considered when value engineering approach

are deployed, neither in Needs Saisfaction Level’ nor in ‘Usage of Resaurces’. For

developing more sustainable products/serices, the integration of such perspectives is
soon as possible in lifecycle through Value

engineering actidties. Need Satisfaction Level

Solution & benefits Valut = = age of Resources 6 @ 6 @
+ Extension of classical Design to Cost/Design for Velue approach St sy et
Integration of Sustainable aspects through (1% step) Environmental impacts indicators

Connection with Systerm madel
Compliance for integrating Sacial as

Primary industries of use 7

Teeeem
hen Titena

Uses Cases

it QRTINS MANTA PO 81t P fo orporsting Entonmencal 6

aspects through Value engineering approach. hars

Jse case description 2 - Assisted Bike: simple & pedagogical application case. Used s proot-of-

concept Status

3 - Aeranautical application case with realistic data. status of semonstrator of
tegration of igineering er ing E i ),

Biomimicry
[om——

Horizontals & Technologias

Description :

; -
Hevarthelass, ons of the hugast ane & oldest one s Naturs,

Primary industries of use 7

P SSS6
explaration % models

A\ ) B wrn et iy ot
Expioration
/Development of
Solations /. i
\ s
Solution & benefits 6
+ methodoiogy for incegrating biomimicry appeosch w
. CoMabaration wkh CEEBIOS under dscussion
Ve Caven States

{0101 INSIDE: Merorbynamics & bioinspiratian far irucks

i
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Co-Architecture / Contribution of enabling systems to lifecycle phases

From Re| Program : Future of Engineering | R Brosect : CORA OmeVoice

Horizontals & Technalogies
8 wodeks i
ntofifecycle phi v Sustanabity

Description

Alllifecycle uhdsmul hould b ered but, in the facts, it
Is rarely the case. Moreover, the connection (and associated modeling) with Enabling
Systams Is not obuicus, and assaciated calculation rules need to bo definad

Primary industries of use ?

Solution & benefits 5 @ @ @

Methodolagy ot modeling nceded nformation n Ensbing Sstems modets & o nking

e
the differant models togethe: Pubisator "

“C for assessing Enabling § ted
ifecycle phase of System. Focused on ManuFacturing phasef Industrial System [uu\r: be @
extended to other phases.

Uses Cases

escription 1 - Assisted Bike; simple & pedagogical application case, Used as praof-
concept. Industrial System was partially mogesed for embedding information aliowing the Lifecycle
Assessment

Research
&
Innovation

facturing| |Costing|| Eco-design

= Life Cycle
Assessment

* Social LCA

Specialties

Connecting Model Based Systems Engineering (MBSE)
& Lifecycle Assessment (LCA)

From R Progiam - Future of Engineering RS Project : CORAC OneVoice

MBSE & LCA, domains that are

like e.g. Lifecycle, Funct

e
Studles are, most of the time, not consistent.
icy betwoen these domains and a way to share primary dustiles ofase )

SoT0

developmer

+ Desaription of methodology connecting MBSE & LCA including

marcen sy Waakhearn
« Activities of both domains with inputs/outputs N
+ Information exchanged described through metamadel, ready for migration to
ontology
an T gy e Spwas
ok
Uses Cases *
Jse case description 1 ike: simple & pedagogical appli Used as proof-of- 6
concept. e
e st i 2. Aeronautical appication ase with ealstc dat. Staus of demonsirator of
. ‘aspocts), Status
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