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Optimizing Sustainable Product Design 
with Material Intelligence
Benedikt Duerbeck, Senior Application Engineer
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Materials information ‘triple challenge’ for sustainability

Innovations to answer increasing 
customer demands (Co2 goals)

Reporting to address global 
legislations for sales & operations

Reduce emissions in early design 
stages (cost reduction)

Regulatory Driver Industry Challenges Business Driver
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TSCA, 1976

Cal Prop 65, 1986 EU RoHs, 2002

CSRD, Digital 
Product Passport

ESPR, Eco Design

REACH & China 
RohS, 2007

“It is estimated that over 80% 
of all product-related 
environmental impacts are 
determined during the design 
phase of a product”*

2030 2040 2050

Long-term 
target

Near-term target

Base year emissions

~50% 
reduction

Goal 
net zero

~50% 
reduction

CSRD Science Based Reductions



3 ©2024 ANSYS, Inc. 

What are the main objectives in the product design process?
• Today the focus in product design is based on a 

compromise between performance and cost

• What if you could extend this in the triangle of 
technical performance / cost / sustainability for your 
products on an enterprise level ? Performance Costs

• Enable understanding of customer designs at all levels:
• What impact do different materials choices have?
• What impact does changing my geometry have?
• How is multiphysics performance impacted?
• What happens if I use a different supplier?
• How do these factors interact with each other?
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Smart, distinct decisions early in the development cycle

Product life 
cycle 

assessment

Is it too late already? 

eco / x / x

Sustainable Product Design

a holistic streamlined approach on 
sustainability - powered by simulation -

eco / tech / cost
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Limited data on sustainability attributes 
for materials

Losing valuable IP when designing more 
sustainable materials

Risk of product recalls costing $ millions

Typical Sustainability Business Challenges
“I need CO2 data to-hand when I select 
a material, not at the end of the 
product life cycle” 

“I need a better understanding of how 
to trade-off between cost, weight and 
carbon footprint” 

“We’re adding more recycled content 
into our packaging, but losing 
traceability of testing data”

“We want to manage evolving 
regulations that threaten to make our 
product non-compliant”

Late changes in design can cost $ millions
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Engineer what’s ahead by digitizing materials information

HIGHER ENGINEER 
PRODUCTIVITY

Drive efficiency

LOWER MATERIALS 
COST

70% less time 
searching for data

$millions 
saved on raw 
material costs

Greater materials accuracy = 

40% FEWER REPEAT 
SIMULATIONS

Innovate faster Deliver on sustainability
Products that…

Reduce energy use
Reduce risk on compliance

Reduce CO2 footprint 

Unique Open Ecosystem

Stay agile

Integrated with: CAD, CAE, PLM

DIGITAL THREAD  = 
TRACEABILITY       = 
ENGINEERING INTELLIGENCE

Digital transformation
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Help achieve your corporate sustainability goals

Solution
• Ansys Granta for Managing & Selecting Material
• Advanced Materials Reference Data
• Manage Material Compliance in Bill of Materials
• Access to the EMIT consortium

Benefit
• Digital architecture to track and enable net-zero carbon + 

recyclability goals
• A 20% reduction in CO2 footprint of like-for-like products
• Designing 45% lighter with suitable alternative materials
• Visibility of CO2 footprint, recyclability and substance 

compliance data to every engineer in CAD, CAE, PLM. 
• Trade-off between performance, cost and sustainability 

for optimal product design right from the start.
Concept Design Manufacture Operation

80%

*https://ec.europa.eu/jrc/en/research-topic/sustainable-product-policy

Of all product-related 
environmental impacts are 
determined during design 
phase*

CO2 Footprint

Recyclability

Energy & Water Usage

Restricted Substances

Make faster material trade-offs at 
early design stages:

Deliver on sustainability
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Solving sustainability challenges with Material Intelligence

Sustainable Packaging

Lightweighting

Durable Design

Material Circularity

Remove Harmful substances

Environmentally Friendly Materials

Use alternative materials - reduce CO2 footprint by ~10%

Search materials for ~45% weight reduction without sacrificing 
performance

Combined engineering and environmental data – design in a longer 
lifetime for your products

Meet reporting obligations with a faster and more thorough assessment 
of Material Compliance risk

Capture and use data on recycled materials – adapt your designs for 
improved sustainability

Assess product environmental impact and take a data-driven approach 
to supply chain decisions to reduce CO2 footprint by 20%+
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Managing materials information brings significant business value

Reduce repeat 
simulation projects by

40% 
With more accurate materials data

Reduce prototype 
materials and tests by

1/2 
Compared with conventional trial-

and-error methods

Efficiency Savings of

+$10m (pa) 
In time saved, optimization and 

reduced waste
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Materials Information Management

One Authoritative Source of the Truth
Capture your Materials IP

Avoid product recalls, duplication of testing, knowledge loss
Accelerate time to market  
Save $ millions per year‘What data do we have on 

material X ?’
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In-service data

Testing and 
analysis

Supplier 
specifications

Compliance 
data

Material 
properties

Detailed 
engineering 
properties

Aesthetics

Simulation 
models

All your material data in one place

Proprietary 
materials information

Comprehensive Material Library 
of reference information:

Metals, plastics, composites…

Additive Manufacturing Template

Composites Template

Metals Template AI/ML

Material Compliance

Enterprise Integration
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Supplement in-house materials data with Ansys reference data

MaterialUniverse
• 4,000+ engineering materials
• Technical, Economic & Environmental data
• Unique, complete & comparable dataset
• Data quality indicators

Restricted Substances
• Global Legislation & Directives
• 23,000+ restricted Substances inc. PFAS
• 150+ Coatings & 650+ Specifications

Advanced Materials – Eco
• 18,000+ records
• Selected indicators from ecoinvent 
• Includes location-specific data

Proprietary 
materials information

In-service data

Testing and 
analysis

Supplier 
specifications

Compliance 
data

Material 
properties

Detailed 
engineering 
properties

Aesthetics

Simulation 
models

Sustainability 
data

Gap Filling

Ansys reference data In-house data

…

…

…

…

…
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DataDataDataData

Step by step…

The right data, with 
the right detail, to 
the right person at 
the right time in the 
design process
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Sustainability during Design

CAD &
Simulation
Engineers 

Materials
Experts

Trade-off technical, economic & 
sustainability requirements

Publish updated 
preferred materials lists

Sustainability metrics flagged in UI

Run sustainability analysis

Analyse & 
compare  
multiple 
designs

• Access all materials directly in native CAD/PLM tools
• Publish preferred materials and processes
• Flag sustainability metrics directly in design tools
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Sustainable Product Design Framework

• Link materials data (technical, 
sustainability, cost) with 
simulation and automation 
tools to give a wholistic 
understanding of a design

ECO
CO2 footprint / 

Embodied Energy

DURABILITY
cycles to failure

COST
manufacturing / recycling

MASS
Volume / density

DISPLACEMENT
System stiffness

Benefits
• Automate the process of design space analysis

• Ensure no gaps are left
• “Shift left”

• Enable a deep understanding of how 
design trade-offs between performance, 
cost and sustainability at an early stage
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ClevisThickness

FlangeThickness

FlangeWidth

What parameters need to be optimized?
Geometry
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300 simulations later [ 3 hours ]

Response Objective

MaxDisplacement minimize

MaxMisesStress minimize

SafetyFactor ≥ 1.2

Cost minimize

CO2 minimize

Complete mapping of the design 
space, finding optimal designs 
for each competing material.

All done in 3 hours
compared to a single 3-hour 
running simulation with standard 
solvers.
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A Vision for using Materials to get to Net Zero

Build Sustainability into Early Design

 One authoritative source of truth 
 Publish preferred material lists
 Sustainability indicators in CAD, CAE, PLM
 Data federation to design, simulation & 

PLM

Materials Management Framework
 Advanced material selection
 Identify alternatives
 Assess Bills of Materials
 Rapid what-if studies on material, 

process, mass, parts

Analysis Tools

 Awareness of eco impact of material decisions
 Enable proactive, data-centric decisions
 Optimize a product early

Reference Data

 100s of materials properties
 Data on technical, economic and sustainability
 Supplement and gap-fill in-house data

A Proactive Solution to Reduce Product Carbon Footprint from Concept
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