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Introduction: Trends in chemical products engineering 
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Chemical Industry

• Competitiveness 
• Towards high added value products 
• Know-how, staff experience

(Charpentier, 2010)

• Chemical product design 
• Courses and graduate programs

Customers and public opinion
• Innovative products 
• Environmental and safety issues
• New regulations

Research in Chemical Engineering and Academia

(Cheng et al. 2009) (Kind 1999)



Introduction: Emulsion - micro-structured product 
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Ingredients

End use 
properties

Sustainability

PRODUCT

✓ Micro-structure

Process

(Cussler and Moggridge, 2011)

✓ End use functions

Structure

NEEDS

Consumers 
stakeholders



Problem statement
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Problem statement 

• Deal with complex systems
– as emulsions

• Usability:  engineers may 
understand the methodology 
and re-use it autonomously

• Early design stages
75% costs. - few information.

Proposal 

• Global vision
✓ Methods from need

analysis to the selection
- interdisciplinary

• Holistic vision
✓ Identification of

interrelation between
design variables

• Knowledge base
✓ Emulsion science
✓ Expert knowledge

(Chandrasegaran et al. , 2013)



Methodology
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(Rejeb et al. 2011) (Govers 1996)

(Ulrich and Eppinger, 2004)

(Commenge & Falk 2014) (Serna et al. 2016)

(Ishizaka & Nemery 2013)(Cussler and Moggridge, 2011) (Hauser & Clausing 1988)

Identification Analysis Translation
Product 

specifications

Kano model House of quality

Division in sub-

problems

Solution of 

sub-problems
Integration

Decision Matrix

Assessment Selection

Design 

concepts

MCDAPerformance and

sustainability indicators

Best design 

concept

NEEDS

IDEAS 

Product/process

SELECTION



7Based on method proposed by (Commenge & Falk 2014)

✓ Based on emulsion science
principles

✓ The connection between them
is done with expert knowledge

Ideas generation: Decision matrix

Sub-problems

Solution strategies

Ingredients
Process 
technologies

Division in sub-
problems

Solution of 
sub-problems

Integration

M1

M2

Product 
specifications

Design
concept



8

Appearance

Rheology

Stability

Transport 
phenomena

Special 
functions

Opacity/transparent

Color intensity

Viscosity

Shear thinning

Visco- elasticity 
behavior Gravitational sep.

Flocculation

Decision matrix: M1 sub-problems

Identified from emulsion science - 22 +  generic sub-problems

Biological stability

U.V. filter

Volatile non polar 
molecule to air

Volatile polar 
molecule to air

Nonpolar molecule 
to a relative 

nonpolar medium 
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Structure

Colloidal 
forces

Oily phase

Aqueous 
phase

Interface

Droplet size

Droplet size distribution

Volume fraction

Electrostatic interaction

Steric interaction

Weak flocculation

Aqueous phase activity

pH

Polarity

Decision matrix: M1 solution strategies

Electrolyte 
concentration

Identified from emulsion science 36 general solution strategies

Ingredients

Environment
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Interrelation of sub-problems and solutions strategies – experts knowledge  (O/W 
emulsion, low concentration of the oily phase (<20%))  
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Decision matrix: M1 interrelation

Transport

Ex: Viscosity
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Structure of second matrix of the decision : Cosmetic emulsion – skin care 

Decision matrix: M2 ingredients and technologies

Process tech. classified 
by effect on emulsion 
structure

Ingredients

Tech and 
process 

conditions

Classified by 
function
sub-functions (CosIng)
chemical nature 

Emollients

Emulsifiers

Rheological 
modifiers

U. V. filters

Emulsification 
methods

Process 
conditions

DB

Functional attributes
Physicochemical properties
Sustainability indicators
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Decision matrix: Information structure
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Solution strategies

M1Product 
specifications

Product 
concept

M2

Appearance

Rheology

Stability

Transport 

Thixotropic

UV protection
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Example: Sunscreen

Solution strategies
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Properties and  
attributes

Product 
specifications

Product 
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Solution strategies
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Appearance

Rheology

Stability

Transport 

Thixotropic

UV protection

Example: Sunscreen

SPF: 30
Safety
Water resistance
Moisturizing
Odor
Appearance
Texture
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Solution strategies
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Product 
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Product 
concept
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U.V. Active ingredients

UV protection

Example: Sunscreen

SPF - 30

FDA – 22

- Different toxicity
- Solid - Oil soluble
Water soluble
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Product 
concept

Safety
Moisturizing
Odor
Appearance
Texture

New
specification

Example: Sunscreen

In
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.
U.V. Active ingredients

FDA – 22

- Different toxicity
- Solid - Oil soluble
Water soluble

Solution strategies

Properties and  
attributes

Product 
specifications
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UV protection

SPF - 30



Conclusions
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✓ The base of our methodology for decision making during early stages of
chemical product design is presented.

✓ A method for ideas generation based on emulsion science principles
and expert knowledge is proposed.

✓ The information structure of the decision methodology is exemplified
with a case study of the cosmetic sector: a sunscreen

✓ This methodology will be taught to last year chemical students in order
to evaluate its usability.



Thank you
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