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Goal of the course

Provide a comprehensive perspective of the green metrics developed, used in the chemical industries. The pros/cons and 

the limitations of all these metrics will be shown as well as the different need between industries. The case of Perfumery 

industry will be specially emphasized.

Course Syllabus

• Green Chemistry & Sustainability

• Presentation of the different metrics

• Pros/Cons & Limitations 

• What is the purpose of these metrics?

• Presentation of different methodologies

• Difference between the pharma industry and Perfumery industry

• Example in the Perfumery industry: Ecoscent Compass, Green Motion or Estée Lauder Companies
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Mass-Based Metrics for Measuring Greeness

Green Metrics

ACS Sustainable Chem. Eng. 2018, 6, 32



Sustainability metrics

Green Metrics

ACS Sustainable Chem. Eng. 2018, 6, 32



GREEN MOTIONTM by Mane

7 concepts, penalty scoring

Renewable INGs by IFF

for > 50% RC
FiveCarbon Path by Givaudan

5 concepts (RC, BDG, …)

Symrise

What are the Different Initiatives in F&F?

But also L’Oreal, Estée Lauder.



FRAGRANCE – AN UNIQUE EQUATION

NATURAL EXTRACTS
Flower or fruit extraction

NATURE IDENTICALS

-Ionone
(Violet)

Hedione®

(Jasmine)
Ambrox ® Super

(Amber)
Calone®

(Watery)
Habanolide®

(Musk)
Polysantol®

(Sandalwood)

SYNTHETICS

Geraniol
(Rose)

-Terpineol
(Floral)

Patchoulol
(Earthy)



sugar
Renewable carbon 

source

BIOSYNTHESIS AND CHEMICAL SYNTHESIS

NATURE IDENTICALS SYNTHETICS

Z-11 

For Clearwood Synthesis: (a) Fehr, C., Vuagnoux, M. Firmenich SA WO 2009141781; (b) Chapuis, C., Firmenich SA WO 2012110375; (c) Birkbeck, A. A. Firmenich SA 
WO2013001026 .
For Sclareol Synthesis: M. Schalk, L. Pastore, M. A. Mirata, S. Khim, M. Schouwey, F. Deguerry, V. Pineda, L. Rocci, L. Daviet
Toward a Biosynthetic Route to Sclareol and Amber Odorants J. Am. Chem. Soc. 2012, 134, 18900−18903.

Dreamwood© 



Mass Based Metrics

𝐴𝐸 =
𝑀𝑊 𝑃𝑟𝑜𝑑𝑢𝑐𝑡 × 100

σ 𝑀𝑊 𝑅𝑎𝑤 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙𝑠 +  σ 𝑀𝑊(𝑅𝑒𝑎𝑔𝑒𝑛𝑡𝑠)

Optimum Value= 100.

𝐸𝐹𝑎𝑐𝑡𝑜𝑟 =
σ 𝑚 𝐼𝑛𝑝𝑢𝑡 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙𝑠 𝑤. 𝑜. 𝑊𝑎𝑡𝑒𝑟 − 𝑚 (𝑃𝑟𝑜𝑑𝑢𝑐𝑡)

𝑚(𝑃𝑟𝑜𝑑𝑢𝑐𝑡)

Optimum Value= 0.

𝑐𝐸𝐹𝑎𝑐𝑡𝑜𝑟 =
σ 𝑚 𝐼𝑛𝑝𝑢𝑡 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙𝑠 𝑖𝑛𝑐𝑙. 𝑊𝑎𝑡𝑒𝑟 − 𝑚 (𝑃𝑟𝑜𝑑𝑢𝑐𝑡)

𝑚(𝑃𝑟𝑜𝑑𝑢𝑐𝑡)

Optimum Value= 0.

RME =
𝑚 𝑃𝑟𝑜𝑑𝑢𝑐𝑡 ×100

σ 𝑚 𝑅𝑎𝑤 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙𝑠

Optimum Value= 100.

PMI =
σ 𝑚 𝐼𝑛𝑝𝑢𝑡 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙𝑠 𝑖𝑛𝑐𝑙. 𝑊𝑎𝑡𝑒𝑟

𝑚(𝑃𝑟𝑜𝑑𝑢𝑐𝑡)

Optimum Value= 1.

Chemical Process

Roschangar, F; Colberg, J. Green Chemistry Metrics in Green Techniques for Organic Synthesis and Medicinal Chemistry, Second Edition. Edited by Wei Zhang and Berkeley W. Cue. 
(2018). Ed. John Wiley & Sons Ltd



RI =
σ 𝑚 𝑅𝑒𝑛𝑒𝑤𝑎𝑏𝑙𝑦 𝐷𝑒𝑟𝑖𝑣𝑎𝑏𝑙𝑒 𝐼𝑛𝑝𝑢𝑡 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙𝑠

𝑚(𝑃𝑟𝑜𝑑𝑢𝑐𝑡)

Optimum Value= 1

RP=
RI×100

PMI

Optimum Value= 100.

Renewables

Renewables Intensity Renewables Percentage

Jiménez-González, C.; Constable, D. J. C.; Ponder, C. S. Evaluating the ‘‘Greenness’’ of chemical processes and products in the pharmaceutical industry—a green 
metrics primer Chem. Soc. Rev., 2012, 41, 1485–1498.

Mass Based Metrics



Thermal Hazard

Reagent Hazard

Pressure

Hazardous by-product

Waste: metal, toxicity, upcycling

Curzons, A. D.; Constable, D. J. C.; Mortimera, D. N.; Cunningham, V. L. So you think your process is green, how do you know?—Using principles of sustainability to determine 
what is green–a corporate perspective Green Chem., 2001, 3, 1–6.

Solvant Usage: number, recovery

Mass Intensity of Solvent

Biodegradation, Bioaccumulation, Energy use

Safety and Harzard Metrics



Specificity of Perfumery Ingredients

Natural oil extraction

Biotechnology Processes

Metrics should be easy to understand by

our clients and final consumers

Our competitors are also our clients: Needs for metrics that could be asked or

                guessed with the highest accuracy possible

Nowak, P. M. What does it mean that “something is green”? The fundamentals of a Unified Greenness Theory, Green Chem., 2023, 25, 4625.
https://pubs.rsc.org/en/content/articlelanding/2023/gc/d3gc00800b

https://pubs.rsc.org/en/content/articlelanding/2023/gc/d3gc00800b


Mane: Green MotionTM

Green Chem., 2015, 17, 2846

Starting Point: 12 Green Chemistry Principles…

Selection ? Which is the most important? Comprehensive?

Some of the principles may be contradictory with each other
Difficult to know what type of action to implement in order to find the optimal overall result.

A yield increase or a reduction of waste may entail higher energy consumption, and this kind of 
conflicting choice is commonly faced by industrial chemists.

Finding the right balance between being too qualitative and requiring a large amount of information
(time and resources consuming)



Mane: Green MotionTM

Green Chem., 2015, 17, 2846
ACS Sustainable Chem. Eng. 2018, 6, 32



Mane: Green MotionTM

Green Chem., 2015, 17, 2846

The 12 principles of Green Chemistry:
grouped into 7 fundamental concepts



Mane: Green MotionTM

Green Chem., 2015, 17, 2846

Raw Materials:

Solvent categories



Solvents Guide

Solvents Guides: 

Prat, D. et al. Green Chem. 2014, 16, 4546.
Winterton, N. Clean Technologies and Environmental Policy 2021, 23, 2499.



Mane: Green MotionTM

Green Chem., 2015, 17, 2846

GHS pictogram hierarchy:



Mane: Green MotionTM

Green Chem., 2015, 17, 2846

Reaction efficiency



Mane: Green MotionTM

Green Chem., 2015, 17, 2846

Process efficiency

Focus on the most energy consuming elements:
heating, cooling and pressure variation

But not try to accurately calculate the quantity of heat energy required throughout the process

Penalty points attributed for different heating processes



Mane: Green MotionTM

Green Chem., 2015, 17, 2846

Process efficiency
Penalty points attributed for different heating processes



Mane: Green MotionTM

Green Chem., 2015, 17, 2846

81 products selected to design GREEN MOTION .:



Mane: Green MotionTM

Green Chem., 2015, 17, 2846

“Green limit” in GREEN MOTION :



Mane: Green MotionTM

Green Chem., 2015, 17, 2846

Vanillyl Ethyl Ether:



Mane & L’Oréal: Comparison between Different Tools

Green Chem., 2023, 25, 6365.

Ingredients in Perfume:

The objective of the present study is to evaluate the environmental
impact of a fragrance and identify eco-design leverages without revealing its exact composition to 
preserve confidentiality and industrial knowledge.

LCA to fragrance can nevertheless appear to be a challenge, due to the numerous ingredients involved 
and as the composition of a fragrance is one of the best kept secrets of the industry.



Green Chem., 2023, 25, 6365.

Ingredients in Perfume:

Mane & L’Oréal: Comparison between Different Tools



Green Chem., 2023, 25, 6365.

A representative panel of fragrance ingredients used in cosmetics was evaluated via LCA with the eco-
conception tool SPOT, in complementarity with GREEN MOTION and the E-factor

https://www.loreal.com/en/commitments-and-responsibilities/for-our-
products/our-product-eco-design-tool/

Ingredients in Perfume:

Mane & L’Oréal: Comparison between Different Tools

https://www.loreal.com/en/commitments-and-responsibilities/for-our-products/our-product-eco-design-tool/
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Green Chem., 2023, 25, 6365
For details see SI: 
https://www.rsc.org/suppdata/d2/gc/d2gc04860d/d2gc04860d1.pdf.

Ingredients in Perfume:

For the production
of 1 kg of the material

GREEN MOTIONTM impact = 
100 -  GREEN MOTIONTM score

Mane & L’Oréal: Comparison between Different Tools

https://www.rsc.org/suppdata/d2/gc/d2gc04860d/d2gc04860d1.pdf


Green Chem., 2023, 25, 6365
For details see SI: 
https://www.rsc.org/suppdata/d2/gc/d2gc04860d/d2gc04860d1.pdf.

Ingredients in Perfume: mPt ??

mPt: dimensionless figure
Unit is milli-point (mPt)……700mPt = 0.7 Pt

The absolute value of the points is not very relevant as the main purpose is to compare relative
Differences between products or components.

The scale is chosen in such a way that the value of 1 Pt is representative for 1/1000 of the yearly enviromental
load of one average European inhabitant (in some case US…..)

Mane & L’Oréal: Comparison between Different Tools

https://www.rsc.org/suppdata/d2/gc/d2gc04860d/d2gc04860d1.pdf


Green Chem., 2023, 25, 6365.

Energy and Water consumption:

Energy and water equivalence coefficient: EC 

The global energy and water requirements of a production unit correspond to the energy and water necessary for an 
average ingredient produced in this unit.
This average ingredient corresponds to an average process duration and process type.

Mane & L’Oréal: Comparison between Different Tools



Green Chem., 2023, 25, 6365.

Energy and Water consumption:

To calculate this average, it was assumed that each ingredient is produced in the same proportion as the
other ingredients of the same production unit (they were selected to be representative)

Mane & L’Oréal: Comparison between Different Tools



Green Chem., 2023, 25, 6365.

Energy and Water consumption:

Mane & L’Oréal: Comparison between Different Tools



Green Chem., 2023, 25, 6365.

Results on different categories:

Rose Culture with extraction

Spot single score (mPt) 

Mane & L’Oréal: Comparison between Different Tools



Green Chem., 2023, 25, 6365.

Results on different categories:

Different raw material source of Myrcene

Spot single score (mPt) 

Mane & L’Oréal: Comparison between Different Tools



Green Chem., 2023, 25, 6365.

Results on different categories:

Different raw materprocess for cis-3-Hexenol:
Extraction from Mint leaves or Chemical Synthesis

Spot single score (mPt) 

Mane & L’Oréal: Comparison between Different Tools



Green Chem., 2023, 25, 6365.

Green Motion ImpactTM:

Mane & L’Oréal: Comparison between Different Tools



Green Chem., 2023, 25, 6365.

Spot vs Green Motion ImpactTM:

Mane & L’Oréal: Comparison between Different Tools



Green Chem., 2023, 25, 6365.

Eco-Design Levers

Mane & L’Oréal: Comparison between Different Tools



DSM-FIRMENICH MOLECULES 
concerns synthetic perfumery 
ingredients 

OBJECTIVE
Communicate proactively and 
transparently on all parameters 

CHARACTERIZATION
Based on Fragrance Green 
properties parameters from 
ECOSCENT COMPASSTM

RENEWABLE 
CARBON 

BIODEGRADABILITY GREEN CHEMISTRY SCORE

ECOINGREDIENT COMPASS®



Renewability

% renewable carbon as parameter

Fragrance Green Properties 

Number of carbon atoms from biogenic 

source in the finished product

Number of carbon atoms in the 

finished product

Sheldon, R. A. Green Chem. 2007, 9, 1273-1283.
Sheldon, R. A. ACS Sustainable Chem. Eng. 2018, 6, 32−48.

Biodegradation is the breaking down of chemicals  by 
living organisms such as microbes

GCP UNSG

Biodegradation

Ultimately: ≥ 60% biodegradable in 60 days

cE-factor

Kilograms of waste generated

per kilogram of product incl. water



Biodegradation, Bioaccumulation,

https://www.oecd.org/chemicalsafety/

Fragrance Green Properties 



Atom economy
Number of carbon atoms/finished product

Number of carbon atoms/all C-containing 

reactants & reagents used

Number of catalytic steps

Total number of steps

GCP UNSGAdditional Green Chemistry principles 

Catalysis

Hazardous reagents

• List all risk phrases from GHS (5344 phrases)

• Clustered by severity 

https://goldbook.iupac.org/terms/view/C00876

Fragrance Green Properties 



Up to E D C B A Ranking

0.4 0.5 0.65 0.8 1 Atom Economy

0,45 0,65 0,8 0,9 1 Catalysis

Atom economy & Catalysis

Ranking between A to E

Robvieux, F.; Roth, J.; Chapuis, C.; Reiter, M. Current Opinion in Green and Sustainable Chem. 2022, 33, 100583.

Fragrance Green Properties 



Hazardeous reagents

• Clustered by severity (A to E) and occurrence
• Only the most severe categories have been considered (C to E)
• F-Plot have been used to determine frequency
• This was done using an F-plot in order to be sure that more that 98% of the H-phrase for all our 

reactants/reagents were covered by this methodology
• In case of reactant/reagent having several H-phrase a limit of 11 H-code was set.

Frequency Risk Phrases

Cat. 1 2 3 4 5 6 7 8 9 10 11

C 1 1 2 2 3 3 3 4 4 4 5

D 1 2 2 3 3 4 4 5 5 5 5

E 2 3 3 4 5 5 5 5 5 5 5

Final score for Green Chemistry
Average of the 3 sub-scores (A to E) translated in %

Fragrance Green Properties 



Hazardeous reagents

As Molecules from Competitors have to be included:
Solvents are not taken into account
Temperature of the process is not included
Steps Economy & Redox Economy not included (Tetrahedron, 2014, 69(36), 7529; ACIE 2009, 48, 2854; 
JOC 2010, 75, 4657)

Frequency Risk Phrases

Cat. 1 2 3 4 5 6 7 8 9 10 11

C 1 1 2 2 3 3 3 4 4 4 5

D 1 2 2 3 3 4 4 5 5 5 5

E 2 3 3 4 5 5 5 5 5 5 5

Final score for Green Chemistry
Average of the 3 sub-scores (A to E) translated in %

Fragrance Green Properties 



Example of Green Chemistry Score calculation

Atom economy Rank 5 4 3 2 1

Ratio up 

to
0.4 0.5 0.65 0.8 1

13/13 carbon atoms = 100%
Score 1

Common Fragrance and Flavor Materials: Preparation, Properties and Uses, Horst Surburg, Johannes Panten, 2016 ,Wiley‐VCH Verlag GmbH & Co. KGaA.

DOI:10.1002/9783527693153

Synthesis of Hexyl Salicylate



Example of Green Chemistry Score calculation

Catalysis Score

1/1 step = 100%
Score 1

Rank 5 4 3 2 1

Ratio up 

to
0.45 0.65 0.8 0.9 1

Synthesis of Hexyl Salicylate



Example of Green Chemistry Score calculation

Hazardous Score
All H-code were listed and a score 1 to 5 was given

For Hexyl Salicylate all reactant/reagent and final product were listed and for each the H-code were extracted. Then

using our internal classification for each H-phrase, a score (between 1 and 5) was attributed, and this is done for each

component.

Synthesis of Hexyl Salicylate



Example of Green Chemistry Score calculation

Hazardous Score

Final Ingredient Reagents/Reactants/Product 1st H 
code

Score 2nd H 
code

Score 3rd H 
code

Score 4th H 
code

Score

HEXYL SALICYLATE SALICYLIQUE ACID H302 2 H318 3
HEXANOL H226 1 H302 2 H312 2 H319 2

SULFURIC ACIDE 85 H290 2 H314 3
HEXYL SALICYLATE H315 2 H317 2 H400 5 H410 4

Synthesis of Hexyl Salicylate



Synthesis of Hexyl Salicylate

Example of Green Chemistry Score calculation

Hazardous Score

Final Ingredient Reagents/Reactants/Product 1st H 
code

Score 2nd H 
code

Score 3rd H 
code

Score 4th H 
code

Score

HEXYL SALICYLATE SALICYLIQUE ACID H302 2 H318 3
HEXANOL H226 1 H302 2 H312 2 H319 2

SULFURIC ACIDE 85 H290 2 H314 3
HEXYL SALICYLATE H315 2 H317 2 H400 5 H410 4

It has been decided that for the next step of the calculation:
H-code having a score of 1 or 2 are not considered. WHY?
All chemicals have multiple H-code that will be scored of 1 or 2. If they were taken in consideration a huge dilution
effect of the more severe H-code will be observed.

Hazardous score should reflect as much as possible the hazardousness or not of the perfumery ingredient.



Synthesis of Hexyl Salicylate

Example of Green Chemistry Score calculation

Hazardous Score

Frequency Risk Phrases

Cat. 1 2 3 4 5 6 7 8 9 10 11
3 1 1 2 2 3 3 3 4 4 4 5
4 1 2 2 3 3 4 4 5 5 5 5
5 2 3 3 4 5 5 5 5 5 5 5

• Category 3: 2 times with the decision matrix means a score of 1.
• Category 4: 1 time with the decision matrix means a score of 1.
• Category 5: 1 time with the decision matrix means a score of 2.

Total score: (1+1+2)/3 = 1.

Hexyl Salicylate has a hazardous score of 1



Synthesis of Hexyl Salicylate

Example of Green Chemistry Score calculation

Green Chemistry  Score

Hexyl Salicylate has:

• Catalysis score of 1
• Atom Economy score of 1
• Hazardous score of 1

overall green chemistry score of 1 



Example of Green Chemistry Score calculation

Atom economy?

Catalysis Score?
Hazardous Score? 

Common Fragrance and Flavor Materials: Preparation, Properties and Uses, Horst Surburg, Johannes Panten, 2016 ,Wiley‐VCH Verlag GmbH & Co. KGaA.

DOI:10.1002/9783527693153

Synthesis of Cyclosal



Example of Green Chemistry Score calculation

Atom economy?

Catalysis Score?
Hazardous Score? 

13/13 carbon atoms = 100% Score 1
1/2 catalytic steps = 50% Score 4

Common Fragrance and Flavor Materials: Preparation, Properties and Uses, Horst Surburg, Johannes Panten, 2016 ,Wiley‐VCH Verlag GmbH & Co. KGaA.

DOI:10.1002/9783527693153

Synthesis of Cyclosal



Example of Green Chemistry Score calculation

Synthesis of Centifol Ether

Reagents Reagents 
Carbon

Total 
Carbon in 
Final Pdt

Carbon 
Economy 
(%)

Total 
Rewable 
Carbon

Renewable 
Carbon (%)

Catalytic 
Steps

Total Steps Catalysis 
(%)

10 10 0 0 1 2 50

(CH3O)2SO2 2 1 0 0

Total 12 11 0,92 0 0



Example of Green Chemistry Score calculation

Centifol Ether: E-Factor IN & OUT
Reactants Reagents QTY 

(kg)

Raw Mats a-Methyl Cinnamic Aldehyde 5012

Raney Ni 251

Potassium Acetate 21

Hydrogen 137

Dimethylsulfate 8613

Sodium Hydroxide Sol. 40% 13658 5463.2

TBAB 205

NaHCO3 Sol. 5% 5127 256.5

Water 10255 8194.8 4870.7

Product Centifolether 5129

Waste Waste to be burnt 276

Water sent to Waster Water Treatment 
Plant

37551

Spent Catalyst 291

Total of the mass of reactants, reagents and water.
In case of solution the amount of water is re-calculated.

40% NaOH Solution:
13658*0.4 = 5463.2 kg of NaOH and 8194.8 kg of water.
5% NaHCO3 Solution:
5127*.05 = 256.35 kg of NaHCO3 and 4870.65 kg of water.

It is mandatory to extract these figures in order to be able
to calculate the Water usage of the final product:



Example of Green Chemistry Score calculation

Centifol Ether: E-Factor IN & OUT The number indicated are normalized for 1kg of final product
For example:
Dimethylsulfate: 8613/5159 = 1.6695.

Water usage = (8194.8+4870.65+10255)/5159 = 4.52 L/kg of final product.

IN

Centilfolether -1 OUT 4.520343

a-Methyl Cinnamic Aldehyde 0.9715 Clean water usage -0.0535

Raney Ni 0.04865 Waste to be burnt 7.2787

Potassium Acetate 0.00407 Water sent to WWTP -0.05641

Hydrogen 0.026555 Waste Catalyst -2.86826

Dimethylsulfate 1.6695

Sodium Hydroxide 1.05896

TBAB 0.039736

NaHCO3 0.04969

E-Factor IN 2.868661

E-Factor OUT 2.87

Waste to be burnt -0.054 kg/kg

Water usage in L/Kg of Final Product 4.54



What could be added next?

Example of Green Chemistry Score calculation

Energy by ingredients
Temperature of the process: key criteria ?
Solvent ? Still missing

Product Carbon Footprint (PCF)



Robvieux, F.; Roth, J.; Chapuis, C.; Reiter, M. Current Opinion in Green and Sustainable Chem. 2022, 33, 100583.

The considered flow of the analysis shown included:

• Raw materials and their transport (resource extraction to 
be consumed)

• Energy consumption (resource extraction to provide 
energy)

• Waste generation and release (impact of waste 
emission)

• Water consumption (impact of water usage)

• Product properties (impact of the ingredient itself when 
being used)

Fragrance Green Properties 



Developed in partnership with

Based on 3 environmental indicators
Climate change CO2

Water depletion
E-toxicity

All stages of the life-cycle of an ingredient considered
Sourcing & transportation of raw materials
On-site production
Product use and disposal

https://quantis.com/

Ingredients Sustainability Index



An index score of 1 means that the production of 1 MT of this ingredient

has the same impact on the environment as an average global citizen in 1 year.

LCA parameters & results

451 unique Perfumery Ingredients modelized in 2017



C O N S C I O U S . S M E L L S . G O O D

20182023

Continuous improvement of the tool, still the same objectives : 

EcoScent Compass®



C O N S C I O U S . S M E L L S . G O O D

EcoScent Compass®: Nutri Score

E-factor Nutri- score



Historical process using sodium borohydride

Spearheading in Catalysis: Dartanol®

Firmenich, WO2013/050297
Review: Dupau, P. Helv. Chim. Acta 2018, 101, e1800144.

First Firmenich catalyzed hydrogenation technology

Firmenich latest generation catalyst for hydrogenation

100% C use from the raw materials

76% green carbon from pine

No protecting group

Ultimately biodegradable

Cutting edge Firmenich
hydrogenation technology

E factor 1.85

Neat reaction



Spearheading in Catalysis: MimosalTM Synthesis

Saudan, L. et al. ChemCatChem 2022, 14, e2022006.
Saudan, L. et al. WO2012150053.

Vinyl ether formation step problematic

Muguet aldehyde product thermally unstable 



1. Waste Prevention:

E factor = 1.6 

vs 12 (Claisen)

6. Design for Energy 

Efficiency: t = 60oC vs 

185oC (Claisen)

10. Design for Degradation

Muguet aldehyde 

64% BDG (28 d)

9. Catalysis:
Rh cplx (0.005 mol%) 

Saudan, L. et al. ChemCatChem 2022, 14, e2022006.
Saudan, L. et al. WO2012150053.

Spearheading in Catalysis: MimosalTM Synthesis



Spearheading in Catalysis: -Dasmascone Aldol

Jacoby, D. Chimia 2021, 75, 634.

Confidential

Old Process New Process



From Pine Tree to Perfume

SylverGreen®

CONVERT EXISTING INGREDIENTS GERANIOL 

INTO RC VERSIONS VIA NOVEL CHEMICAL PROCESS FROM MYRCENE

Raw Materials

Readily
Biodegradable
100% RC

Sagorin, G.; Cazeils, E.; Basset, J.-F.; Reiter, M. Chimia 2021, 75, 780–787.

EXTENSION TO CITRONELLOL & TETRAHYDROGERANIOL



From Pine Tree to Perfume

BASF Synthesis of Citral & Geraniol



Others Examples

Comparison (ex-Rhodia) ex-Solvay EssentialCo

Current Topics in Flavours and Fragrances, 1999, 59-78.



Others Examples

Comparison (ex-Rhodia) ex-Solvay EssentialCo

Current Topics in Flavours and Fragrances, 1999, 59-78.



Others Examples

Comparison

Current Topics in Flavours and Fragrances, 1999, 59-78.



L’Oreal/Chimex: Eco-Footprint Metrics

Example from Chimex

Green Chem., 2014, 16, 1139.

• H2O: Water consumption
• iL: Raw materials geographical origin
• eFA: Aqueous waste valorization
• eC: Process carbon footprint
• eVS: Synthetic pathway efficiency
• slOS: Used organic solvents valorization
• rMP: Raw material of renewable origin
• eF: E-factor
• ieMP: environmental impact of raw materials
• ieD: environmental impact of waste



L’Oreal/Chimex: Comparison between 3 tools

Int. J. LCA, 2007, 12, 272.
Int. J. Sustain. Dev., 2008, 11, 1.
Ind. Eng. Chem. Res., 2013, 52, 6747.

FLASCTM from GSK
SEEbalance© BASF
EPA’s GREENSCOPE

Example from Chimex



Manufacturing footprint:

 Cleaning processes, waste treatment (both aqueous & organic), raw materials geographical 
origin, process carbon footprint

Example from Chimex

Green Chem., 2014, 16, 1139.

Water usage



Manufacturing footprint:

 Water usage

Example from Chimex

Green Chem., 2014, 16, 1139.



Manufacturing footprint:

Aqueous waste valorization (eFA).

Example from Chimex

Green Chem., 2014, 16, 1139.

Used organic solvents valorization (slOS).



Manufacturing footprint:

Raw materials geographical origin (iL)

Example from Chimex

Green Chem., 2014, 16, 1139.

EFi = DHGV * EFHGV+Drail * EFRail + Dship* EFShip + Dair * EFAir

EFi = emission factor associated with the transportation of raw material i, in kg of CO2 equivalent per tonne of raw material
D = distance traveled in km by each mean of transportation;
F = emission factor in kilogram of CO2 equivalent per tonne per kilometer for each mean of transportation

The emission factors used here are set by the official document
Bilan Carbone 5.0 of the French Environment and Energy Management Agency. 
It is also possible to refer to GHG Protocol emission factors.



Manufacturing footprint:

Raw materials geographical origin (iL)

Example from Chimex

Green Chem., 2014, 16, 1139.

EFi = emission factor of raw material i, in kg CO2e per tonne
n = number of raw material in the process
mi = mass of raw material i used in the process, in tonnes
mp = mass of product, in tonnes



Manufacturing footprint:

Process carbon footprint (eC).

Example from Chimex

Green Chem., 2014, 16, 1139.

m = number of different products on one production plant
Ni = number of batches of product i realized in one year
di = global production duration for product i, in hours

Electricity, steam, fuel, cooling liquids, etc. converted into CO2 equivalents

The carbon footprint of an operating hour is calculated by dividing energy consumption (in kg CO2e) by operating time.
The size and duration of a particular product batch give access to the climate change generated by the production of 1 kg of product

expressed in kg CO2e per kg product

Example: 4 kg CO2e/kg of product: Ec 4 = 4 −
4

1+
42

10

 = 2.5



Eco-design footprint:

Synthetic pathway efficiency (eVS)

Example from Chimex

Green Chem., 2014, 16, 1139.

More processing steps (with isolation of chemical species): the more consuming for
reagents, solvents, time or energy the process is.
Combining both yield and number of steps, is a very visual and simple
performance metric.



Eco-design footprint:

Raw material of renewable origin (rMP)

Example from Chimex

Green Chem., 2014, 16, 1139.



Eco-design footprint:

Potential environmental impact of raw materials (ieMP)
Potential environmental impact of waste (ieD)

Example from Chimex

Green Chem., 2014, 16, 1139.

Qdi = hazard quotient for the chemical compound i, which can be a raw material (ieMP) or a waste (ieD)
n = number of raw materials or wastes
mi = mass of compound i involved in the process
mP = mass of product formed in the considered synthesis pathway.



Eco-design footprint:

Potential environmental impact of raw materials (ieMP)
Potential environmental impact of waste (ieD)

Example from Chimex

Qdi has a value of 1 when a compound has no environmental impact and a maximum at 10

EATOS tool was used to assess the impact: Acute human toxicity, chronic human toxicity, ecotoxicology,
ozone creation, air pollution, accumulation, degradability, greenhouse effect, ozone depletion, nitrification
and acidification.
Based also on a modified E-Factor called EQ where Q is a factor going from 1 (low impact) to 100 or even 
1000 from nasty compounds like Cr, ease of recycling, etc.

Sheldon, R. A. CHEMTECH, 1994, 38.

Eissen, M. Metzger, J. O. Chem. Eur. J., 2002, 8, 3580.
[http://www.metzger.chemie.uni-oldenburg.de/eatos/eatosmanual.pdf; access 12.10.2023]
ECO Scale: Beilstein J. Org. Chem., 2006, 2(3), 1.



Eco-design footprint:

Potential environmental impact of raw materials (ieMP)
Potential environmental impact of waste (ieD)

Example from Chimex

Sheldon, R. A. CHEMTECH, 1994, 38.

Eissen, M. Metzger, J. O. Chem. Eur. J., 2002, 8, 3580.
ECO Scale: Beilstein J. Org. Chem., 2006, 2(3), 1.

p = number of parameters considered
Qcati, j = regarding the substance i, value of the quotient related to parameter j;
kj = weighting coefficient for parameter j.

5 parameters: 
Chronic human toxicity: CMR category if existing,
Acute human toxicity: hazard labels, oral LD50 (rat), dermal LD50 (rabbit), inhalation LC50 (rat), 
Acute ecotoxicology: LC50 (fish, 96 h), EC50 (daphnia, 48 h), IC50 (algae, 72 h),
Bioaccumulation (log P or log Kow),
Biodegradability (degradation after 28 days).

Weight the parameters and the same 
coefficient was applied: kj = 1/5



Eco-design footprint:

Potential environmental impact of raw materials (ieMP)
Potential environmental impact of waste (ieD)

Example from Chimex

Sheldon, R. A. CHEMTECH, 1994, 38.

Eissen, M. Metzger, J. O. Chem. Eur. J., 2002, 8, 3580.
ECO Scale: Beilstein J. Org. Chem., 2006, 2(3), 1.

Example for Biodegradation:



Example: Pro-Xylane

Example from Chimex



Example: Mexoryl® SX

Example from Chimex



Example: Mexoryl® SX

Example from Chimex



New «Green Score» Tool for: pharmaceutical and personal care products (PPCPs)

Example from Estée Lauder

The tool includes several important features:
(1) A balance between assessing inherent chemical and supply chain hazards
(2) a disincentive to use raw materials with low scores or lack of data by weighting their impact to reduce the score 
further
(3) a certainty score to provide insight on the level of confidence in the Green Score for a given ingredient or 
chemical component.

3 distinct categories: human health (HH), ecosystem health (ECO), and environmental impact (ENV).

Green Chem., 2022, 24, 2397-2408.



New «Green Score» Tool for: pharmaceutical and personal care products (PPCPs)

Example from Estée Lauder

Step 1:
The chemical composition of each ingredient is established from internal registration records, each of the 2300 + 
unique components is linked to internal and external chemical data sets, and water components are removed from 
the scoring.
Step 2:
Each ingredient is scored on metrics covering HH, ECO, and ENV categories. HH and ECO metrics are based on 
inherent chemical properties and carried out at the component level, while ENV metrics are largely applied at the 
ingredient level. Each of these metric scores has an associated data quality rating based on a tiered system of data 
source preferences.
Step 3:
Numeric penalties (i.e., disincentives) are applied to any component or ingredient that receives the lowest score (1) 
for any metric.
Step 4:
All metric and category scoring is mass averaged up to the ingredient level and a final Green Score is calculated.
Step 5:
Ingredient scores are mass averaged up to the formula level and evaluated against benchmarks.

Key Point: individual chemicals are combined to make  ingredients, and ingredients are combined to make formulas.



Example from Estée Lauder

For the classification
GHS and Canadian DSL was used



Example from Estée Lauder

https://www.cosmos-standard.org/en/

HH Scoring

Env. Scoring

Ecosystem Health Scoring

https://www.cosmos-standard.org/en/
https://www.cosmos-standard.org/en/
https://www.cosmos-standard.org/en/


Example from Estée Lauder

For HH & ECO: endpoint metrics incomplete or not available

Certainty Score Assignment



Example from Estée Lauder

Step 4: All metric and category scoring is mass averaged up to the ingredient level and a final Green Score is calculated.

Step 1: The chemical composition of each ingredient is established from internal registration records, each of the 2300 + unique components is linked to internal 
and external chemical data sets, and water components are removed from the scoring

P′ij = adjusted proportion of component i in ingredient j.
Pij = original proportion of component i in ingredient j.
wj = proportion of water in ingredient j.

From suppliers: Scopes 1 and 2 emissions (according to the GHG protocol) per kilogram of manufactured ingredient

Ijk = ingredient-level score for ingredient j on metric k.
Cijk = component-level score for component i in ingredient j on metric k.
P′ij = adjusted proportion of component i in ingredient j.
n = number of components in ingredient j.



Example from Estée Lauder

Step 5: Ingredient scores are mass averaged up to the formula level and evaluated against benchmarks

FI = formula Green Score for formula I.
IjI = ingredient Green Score for ingredient j in formula I.
PjI = percentage of ingredient j in formula I.
wI = percentage of water in formula I. 
r = number of ingredients in formula I.



Example from Estée Lauder



Example from Estée Lauder



Givaudan: FiveCarbon Path (Jan. 2019)

It focuses on:

• Increasing the use of renewable Carbon
• Increasing Carbon efficiency in synthesis
• Maximising biodegradable Carbon
• Increasing the ‘odour per Carbon ratio’ with high 
impact material
• Using upcycled Carbon from side streams

https://www.givaudan.com/media/media-releases/2019/givaudan-fragrances-launches-its-
fivecarbon-pathtm
Chimia 2023, 77, 384.

https://www.givaudan.com/media/media-releases/2019/givaudan-fragrances-launches-its-fivecarbon-pathtm
https://www.givaudan.com/media/media-releases/2019/givaudan-fragrances-launches-its-fivecarbon-pathtm
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Givaudan: FiveCarbon Path (Jan. 2019)

OPRD 2022, 26, 2021.
https://doi.org/10.1021/acs.oprd.1c00415?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Drawbacks of Route A & B ?
Route C was selected.

Undecavertol Synthesis

https://doi.org/10.1021/acs.oprd.1c00415?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.oprd.1c00415?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.oprd.1c00415?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


Givaudan: FiveCarbon Path (Jan. 2019)

Optimization of:
• ADH enzyme
• NOX enzyme
• Flow rate of O2
• Buffer (pH of the mixture)
• Concentration

OPRD 2022, 26, 2021.
https://doi.org/10.1021/acs.oprd.1c00415?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Comparison of the Conditions and Performances of the Three Pilot Runs on the 100 L Scale

Undecavertol Synthesis

https://doi.org/10.1021/acs.oprd.1c00415?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.oprd.1c00415?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.oprd.1c00415?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


Givaudan: FiveCarbon Path (Jan. 2019)

Undecavertol Synthesis

OPRD 2022, 26, 2021.
https://doi.org/10.1021/acs.oprd.1c00415?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

https://doi.org/10.1021/acs.oprd.1c00415?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.oprd.1c00415?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.oprd.1c00415?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


Givaudan: FiveCarbon Path (Jan. 2019)

Undecavertol Synthesis

OPRD 2022, 26, 2021.
https://doi.org/10.1021/acs.oprd.1c00415?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

85 kg of (R)-Undecavertol in three batches performed in a 200 L pilot-plant reactor

https://doi.org/10.1021/acs.oprd.1c00415?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.oprd.1c00415?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.oprd.1c00415?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


Givaudan: FiveCarbon Path (Jan. 2019)

(-)-Ambrox©/AmbrofixTM Synthesis

J. Agric. Food Chem. 2023, 71, 5042.
Review: https://doi.org/10.1021/acs.jafc.2c09010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

The Precious Smelling Principle of Ambergris: Ambrox/Ambrofix/Ambroxan.

https://doi.org/10.1021/acs.jafc.2c09010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jafc.2c09010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jafc.2c09010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
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Givaudan: FiveCarbon Path (Jan. 2019)

(-)-Ambrox©/AmbrofixTM Synthesis

J. Agric. Food Chem. 2023, 71, 5042.
Review: https://doi.org/10.1021/acs.jafc.2c09010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
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Givaudan: FiveCarbon Path (Jan. 2019)

(-)-Ambrox©/AmbrofixTM Current Synthesis

J. Agric. Food Chem. 2023, 71, 5042.
Review: https://doi.org/10.1021/acs.jafc.2c09010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
Adv. Synth. Catal. 2018, 360, 2339.

https://doi.org/10.1021/acs.jafc.2c09010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jafc.2c09010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
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https://doi.org/10.1021/acs.jafc.2c09010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


Givaudan: FiveCarbon Path (Jan. 2019)

(-)-Ambrox©/AmbrofixTM Known Synthesis

J. Agric. Food Chem. 2023, 71, 5042.
Review: https://doi.org/10.1021/acs.jafc.2c09010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
Adv. Synth. Catal. 2018, 360, 2339.

https://doi.org/10.1021/acs.jafc.2c09010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jafc.2c09010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jafc.2c09010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jafc.2c09010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


Givaudan: FiveCarbon Path (Jan. 2019)

Synthetic and Natural Precursors of (E,E)-Homofarnesol

J. Agric. Food Chem. 2023, 71, 5042.
Review: https://doi.org/10.1021/acs.jafc.2c09010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
Adv. Synth. Catal. 2018, 360, 2339.
See also: Helv. Chim. Acta 2014, 97, 197.

https://doi.org/10.1021/acs.jafc.2c09010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jafc.2c09010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
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Givaudan: FiveCarbon Path (Jan. 2019)

Synthetic and Natural Precursors of (E,E)-Homofarnesol

J. Agric. Food Chem. 2023, 71, 5042.
Review: https://doi.org/10.1021/acs.jafc.2c09010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
Adv. Synth. Catal. 2018, 360, 2339.
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Givaudan: FiveCarbon Path (Jan. 2019)

Synthetic and Natural Precursors of (E,E)-Homofarnesol

J. Agric. Food Chem. 2023, 71, 5042.
Review: https://doi.org/10.1021/acs.jafc.2c09010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
Adv. Synth. Catal. 2018, 360, 2339.
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A positive product impact - Sustainability - Symrise

• Eco-friendly chemistry
• Resource-efficient production
• New technology and digitalization opportunities

Symrise: Product Sustainability Score Card

https://www.symrise.com/sustainability/innovation/#our-expertise
https://www.symrise.com/sustainability/innovation/#our-expertise
https://www.symrise.com/sustainability/innovation/#our-expertise
https://www.symrise.com/sustainability/innovation/#our-expertise
https://www.symrise.com/sustainability/innovation/#our-expertise


A positive product impact - Sustainability - Symrise

Symrise: Product Sustainability Score Card

https://www.symrise.com/sustainability/innovation/#our-expertise
https://www.symrise.com/sustainability/innovation/#our-expertise
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Symrise: Product Sustainability Score Card

A positive product impact - Sustainability - Symrise

Menthol:

The scorecard reveals:
Synthetic variation produced by Symrise offers benefits over the long term:
ranging from a safe, clearly traceable basis of raw materials to comparably energy-efficient, low-waste production 
and an-end-product of outstanding purity and quality. 

The scorecard provides an overview of this information, 
with synthetic menthol performing better in a variety of 
categories:
• “water efficiency”
• “traceability”
• “land use”
• “biodiversity”

https://www.symrise.com/sustainability/innovation/#our-expertise
https://www.symrise.com/sustainability/innovation/#our-expertise
https://www.symrise.com/sustainability/innovation/#our-expertise
https://www.symrise.com/sustainability/innovation/#our-expertise
https://www.symrise.com/sustainability/innovation/#our-expertise


LCA:

Where we believe our products can make one of the biggest differences 
from a sustainability perspective is through their positive life cycle 
impacts during the use phase. The scale of benefits we can enable for 
our customers (IFF’s “handprint”) far outweighs IFF’s manufacturing and 
operational “footprint”.

The scope typically involves all stages of the life cycle, from raw material 
acquisition until the product leaves the production factory (cradle-to-
gate) and ideally also includes distribution, use, and end-of-life 
scenarios (cradle-to-grave/cradle)

IFF

Read our latest reports - Quantis

https://quantis.com/what-we-think/resources/reports-publications/
https://quantis.com/what-we-think/resources/reports-publications/
https://quantis.com/what-we-think/resources/reports-publications/


IFF

Green Chemistry Score:

From the R&D phase to commercial production, IFF scientists use our proprietary Green Chemistry 
Assessment Tool to quantitatively score the overall sustainability of our ingredient catalog, products and 
processes.

This includes converting the byproducts of our natural product processes into useful fragrance ingredients. For 
example, our terpene-based chemistry utilizes an abundant, readily-available natural raw material – a pine-
based side product from the paper industry – to create a number of high-performing fragrance ingredients. 

Waste Reduction through Green Chemistry:

J. H. Amador and S. Palatan, Perfum. Flavor., 2019, 44, 38. (April 2019)



LCA of Rose Extracts

J. H. Amador and S. Palatan, Perfum. Flavor., 2019, 44, 38. (April 2019)

IFF



LCA of Rose Extracts

J. H. Amador and S. Palatan, Perfum. Flavor., 2019, 44, 38. (April 2019)

IFF

To produce 1kg of rose oil roughly 4 MT of flowers are needed
To produce 4MT of flowers 1ha of rose fields is needed
As the average size of a rose field owned by a Turkish farmer is 0.2 ha,
The production of 100 kg rose oil requires: 500 farmers



LCA of Rose Extracts

J. H. Amador and S. Palatan, Perfum. Flavor., 2019, 44, 38. (April 2019)

IFF



LCA of Rose Extracts

IFF



LCA of Rose Extracts

IFF



LCA of Rose Extracts

 Environmental Indicators

IFF



LCA of Rose Extracts

 Effect on substances on the Environment

IFF



LCA of Rose Extracts

IFF



LCA of Rose Essential oil

IFF



LCA of Rose Absolute

IFF



Orris: Different Origins show Specific Ratios of Irone Isomers

IFF

Iris Palida (France, Italy):  40%  60%  (+/- 5%) Av. Conc. 450 g/kg
Iris Germanica (Morocco)  60%  40%  (+/- 5%) Av. Conc. 350 g/kg
Iris Germanica (China)  45%  55%  (+/- 5%) Av. Conc. 300 g/kg

From the presentation of XXX at the conference Perfums & Flavor, Göttingen 2025



Irone from Orris: the most expensive ingredient in Perfumery
…….and the highest carbon footprint among naturals!

IFF

2-4 years aging

2-4 MT/y

1MT of Fresh Rhizome: 250 kg of dry powder

From the presentation of Dr. Giorgiana Chietera at the conference Perfums & Flavor, Göttingen 2025

Hydrodistillation15-20h

Yield: 0.2%
1kg of Orris of powder
give 2kg of concrete.

18-20 % of Irones

7.6 Tons of CO2/kg

(EO - 15% irone )

25% from agriculture 

75% from process



How to allow irone potential to develop overtime in the most efficient way?

IFF

Natural Oxidation time reduced:
18 months to 1.5 months

Process intensification allows to drop down distillation 

time by half with consequent CO, emission reduction

From the presentation of Dr. Giorgiana Chietera at the conference Perfums & Flavor, Göttingen 2025



How to allow irone potential to develop overtime in the most efficient way?

IFF

Reduction of land-use 

with improved 

varieties and favorable 

environments

- 10% CO2

emissions

Higher irone 

concentration thanks 

to accelerated ageing

- 10% CO2

emissions

Quicker "from field-to-bottle"

cycle with accelerated ageing

Better sustainable extraction 

process with reduced

distillation time

- 30% CO2

emissions

From the presentation of Dr. Giorgiana Chietera at the conference Perfums & Flavor, Göttingen 2025



Conclusion?

IFF

By performing up to 15 LCA on natural extracts:

• Some material or energy flows are recurrently the most impacting.
• The use of mineral fertilizers and pesticides has one of the highest impacts on the resources 

and climate change
• Crop irrigation has the highest impact on the water consumed. In the case of Turkish rose, 

these results are overvalued since the sampling selected irrigated fields in higher proportion 
than the total fields.

• Use fewer pesticides, develop alternatives, favor organic fertilizers with long action, 
rationalize the use of water through drip irrigation systems and closely monitor the plant’s 
needs.



Conclusion?

IFF

By performing up to 15 LCA on natural extracts:

• The extraction yield is in general the most impacting factor

• The amount of fuel or gas to generate steam for heating during the  extraction or the evaporation is one of 
the most impacting factors at the process.

• The solvent loss during the evaporation is also one of the most impacting factors at the process stage. 
New Greener Solvent?

• Transportation by plane is a major impacting factor. As flowers grow worldwide, planes are sometimes 
used to transport raw materials.



LCA

Done with the help: Maud Reiter, Nicolas Habisreutinger & Ulla Leutinois.



Including Renewable Carbon benefit at gate level
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LCA: alpha-Pinene

High Value Chemicals:

Specific Incinerator
Steam generation

Incinerator 
Steam generation

Incinerator
Steam generation

First phase

Refining

Vacuum distillation

Crude Sulfate 
Turpentine 

(CST)

Volatile sulphurous
Compounds 

Heavy 
products

Terpenic cuts (α-Pinene (60-70%), -pinene (20-25%) + others (5-20%) 
(∆-3-Carene,  - phellandrene, Limonene, anethole, …)

Heavy 
products

Fractional distillation 

M. Reiter et al., Chimia 2021, 75, 780.

Valorization of kraft 
paper production.
=> Low carbon 
footprint 
=> 0,27 kg CO2-eq / 
kg

Multiple valuable products leading to impact allocation: 
Economic, mass, energy etc.

Waste management (thermo-
valorization, compost, landfill, water 
treatment)

Energy consumption.
Energy mix
Solvents and reactive consumption



Carbon neutrality; Net-zero Emission

Linalool2 Acetone 2 Acetylene 2 Hydrogene+ +

< 10 kg CO2-equiv

Net-zero: SBTi requires reduction by 
90%. Only 10% can be compensated

PRODUCTIONPRODUCTION

Net-zero: SBTi requires reduction by 90%. Only 10% can be compensated

Implementing changes in manufacturing processes take several years.
How will the footprint of that process change be in several years?

WASTE & EMISSIONS

Based on the public presentation
of Ulla Letinois.



dsm-firmenich  
Site

Creation of LCA models of our own processes

Acetylene

Acetone

Acetylene-
production

Acetone

Other raw 
materials

Hydrogen

Waste and emissions

Fuel for heat
Fossil

and renewable

Grid electricity

Su
pp

ly

Su
pp

ly

Su
pp

ly

dsm-firmenich data 

Supplier specific data

Databases (EcoInvent etc…)

Material

Material

Material

Others

Material

Material

Material

Current footprint is calculated by summing up of consumption data, consisting of foreground and background data



Linanool’s Carbon Footprint 2023

Carbon footprint contribution…

Replacement of natural gas as heat 
source for steam generation

2024

Purchase acetone produced on a 
different technology, e.g. from CO2

Acetylene?
From different technology?
Replace acetylene by a different 
building block?

Result from LCA-model based on today’s data (own data, supplier specific and Ecoinvent)
Today’s footprint of linalool is well below 10 kg CO2-equiv. 

Acetone; 26%

Acetylene; 20%

Hydrogen, 2%Lindlar catalyst; 5%

Waste and 
emissions; 7%

Steam dsmf 
assets; 26%

Other…



The main impact from acetylene production is electricity

Acetylene {RER}
acetylene production, cut-off, *
2.73 kg CO2-equiv.

Oxygen, liquid {RER},
market for oxygen cut-off
97.7%

Oxygen, liquid {RER},
market for oxygen cut-off
97%

Electricity, medium voltage 
{RER}, market group for 
electricity
97%

Electricity, medium 
voltage {DE}, market  
for electricity
19%

Electricity, medium 
voltage {ES}, market  for 
electricity
5%

Electricity, medium 
voltage {GB}, market  for 
electricity
7%

Electricity, medium 
voltage {IT}, market  for 
electricity
10%

Electricity, medium 
voltage {12}, market  
for electricity
12%

Electricity, medium 
voltage {UA}, market  
for electricity
6%

Others, medium voltage 
{others RER}, market  for 
electricity
41%

The data shown are from the EcoInvent model. 

• Environmental impacts from electricity from the grid are background data
• Appropriate conclusion: Switch to acetylene made by another route?
• Currently also alternative acetylene production processes require a high amount of electricity
• Then rather change to a process without acetylene?

dsm-firmenich data 

Supplier specific data

Databases (EcoInvent etc…)



IEA report “Net Zero by 2050,  A Roadmap for the Global Energy Sector” 2021. 

But the world does not stand still

The energy transition will lead to shifts in energy sources  towards more renewable energy sources.

Will that make a difference to Carbon Footprints?
How to implement that transition into LCA-models?



Potential Acetylene Carbon Footprint change

139

• Acetylene modelled with EcoInvent-REMIND 

SSP2 Base superstructure 

• An example for strong influence of 

background data on Carbon Footprint 

• What does that mean for Linalool’s footprint?
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Implementation of various measures

• Potential implementation of
improvement measures calculated by
foreground data changes result in 62%
emissions reduction.

• Implementation of background data
adaptation using premise results in
additional 14% emissions reduction.

• Two key questions :
➢ What are the remaining impacts?
➢ How to reduce these to achieve

90% emissions reduction?

-90%

?

100%

-24%

-23%

-15%

-14%
24%

0%

20%

40%

60%

80%

100%

120%

Increase Decrease Total

Foreground data could help to lower the footprint by 62 % 
Including the background total 76% reduction



Where is the remaining footprint from ?

Potential carbon footprint: 

And after energy transition gives access to a large share of 
renewable electricity

Linalool’s footprint would be reduced by 75%

Main remaining contributor: 
Heat generated from fossil-derived distillation/ recycling 
sludges 

These can only be avoided when all materials used come 
from renewable sources. 

natural gas venting 
natural gas 

production, 7%

butadiene production, 
3%

biogas | anaerobic 
digestion of manure , 

27%

Steam, from waste 
incineration, DSM, 

94%

heat, Natural gas 
burned in industrial 

furnace; 8%

Others, 12%

natural gas venting natural gas production heat production, at hard coal industrial furnace

butadiene production biogas | anaerobic digestion of manure

Steam, from waste incineration, DSM heat, Natural gas burned in industrial furnace

Others



Data Exchange Methodology

• Carbon Footprint calculated with IPCC 2021 (AR6)
• Description of the scope (including/excluding etc.)
• Allocation
• Primary / Secondary data share
• Data Quality Rating

Compliant with:

Compliant with the PEF v. 3.1 but requiring 
specific parameters such as:
• Cradle to gate
• Cut-off
• Only carbon footprint
• Possibility to include or exclude 

renewable carbon benefit.
• Specific DQR



LCA

Integration of life cycle assessment (LCA) and process design ranges over various levels

Annu. Rev. Chem. Biomol. Eng. 2020. 11:20.1–20.31.



LCA

LCA in Supply Chain Management (SCM)

Annu. Rev. Chem. Biomol. Eng. 2020. 11:20.1–20.31.



IFRA

IFRA: The International Fragrance Association

https://ifrafragrance.org/priorities/sustainability

https://ifrafragrance.org/priorities/sustainability


IFRA

IFRA: The International Fragrance Association



IFRA

IFRA: The International Fragrance Association

• The Compass tool provides direction for scientists and 
other industry professionals towards the conscious 
design of greener, safer and more sustainable 
chemical choices. 

• The Compass tool is inclusive, voluntary, global and 
open to all interested stakeholders through a public 
consultation.

Perfumery & Flavorist - Oct - 2024

https://www.perfumerflavorist.com/fragrance/regulatory-research/article/22917666/ifra-international-fragrance-association-the-ifra-green-chemistry-compass-a-harmonized-tool-to-support-the-fragrance-industrys-pivotal-journey-toward-greater-sustainability
https://www.perfumerflavorist.com/fragrance/regulatory-research/article/22917666/ifra-international-fragrance-association-the-ifra-green-chemistry-compass-a-harmonized-tool-to-support-the-fragrance-industrys-pivotal-journey-toward-greater-sustainability
https://www.perfumerflavorist.com/fragrance/regulatory-research/article/22917666/ifra-international-fragrance-association-the-ifra-green-chemistry-compass-a-harmonized-tool-to-support-the-fragrance-industrys-pivotal-journey-toward-greater-sustainability
https://www.perfumerflavorist.com/fragrance/regulatory-research/article/22917666/ifra-international-fragrance-association-the-ifra-green-chemistry-compass-a-harmonized-tool-to-support-the-fragrance-industrys-pivotal-journey-toward-greater-sustainability
https://www.perfumerflavorist.com/fragrance/regulatory-research/article/22917666/ifra-international-fragrance-association-the-ifra-green-chemistry-compass-a-harmonized-tool-to-support-the-fragrance-industrys-pivotal-journey-toward-greater-sustainability


IFRA

Scope and Disclaimer: The IFRA Green Chemistry Compass

• Still in development
• General guidance tool for how to consciously design greener, safer and more 

sustainable chemical choices
• Simplified high-level overview tool looking gate to gate, suitable for in-house 

assessment; not to be shared externally
• Not meant to determine whether a product meets the EU Safe and Sustainable by 

Design (SSbD)criteria which are still under development
• Not a substitute for a company’s own due diligence on ingredients and processes
• Compliments other tools used by industry
• Helps identify opportunities for improvement



IFRA

Scope and Disclaimer: The IFRA Green Chemistry Compass



IFRA

9 Green Chemistry Principles were prioritized against the 5 Pillars of the IFRA-IOFI Sustainability 
Charter



IFRA

GC Compass: Guiding Questions



IFRA

GC Compass: Guiding Questions



IFRA

GC Compass: Guiding Questions

Answers are automatically ranked by Most Preferred, Needs Improvement, or 

Least Preferred



IFRA

GC Compass: Guiding Questions



IFRA

GC Compass: Guiding Questions



IFRA

GC Compass: Guiding Questions

Calculations are based on:
• Severity of hazard (through a weighting of the GHS 

hazard scores)
• Frequency of hazard category appearance
• Final Hazard Scores use worst case of Hazard Class 

and Frequency table



IFRA

GC Compass: Guiding Questions



IFRA

What can the IFRA Green Chemistry Compass help with?

• Target areas for improvement
• Guidance towards best practices
• Where to find additional Green Chemistry Resources 

(Additional Resources tab included)



Conclusion

Green Metrics & Sustainability in Perfumery

Still an on-going process
Attempt to harmonize different methods of calculation
Definitions of the «best» metrics?

Needs for Renewable Carbons?
Critical environmental factors are still difficult to assess or incompletely  characterized by 
available methods (soil erosion, demographic pressure, …)

LCA Analysis, Life Cycle Assessment of a product, is never set in stone !
Carbon Foot-Print ? Other Foot-Print?

Net-Zero Emission Goal……What is one of the key Problem? What to do ?

Thanks !!
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