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The global challenge of our time.
Can cosmetics and personal care help?

Global temperature anomalies 
over the past 11,300 years 
compared to historic average 
(1961-1990). The purple line 
shows the annual anomaly, 
and the light blue band shows 
the statistical uncertainty (one 
standard deviation). The gray 
line shows temperature from a 
separate analysis spanning the 
past 1,500 years. Image 
adapted from Figure 1(b) 
in Marcott et al., Science 2013.

https://www.climate.gov/

http://dx.doi.org/10.1126/science.1228026
https://www.climate.gov/news-features/climate-qa/what%E2%80%99s-hottest-earth-has-been-%E2%80%9Clately%E2%80%9D


https://www.nytimes.com/2022/02/28/climate/climate-change-ipcc-report.html
https://www.nytimes.com/2021/10/14/climate/un-biodiversity-conference-climate-change.html
https://www.nytimes.com/2022/03/02/climate/global-plastics-recycling-treaty.html

https://www.nytimes.com/2022/02/28/climate/climate-change-ipcc-report.html
https://www.nytimes.com/2021/10/14/climate/un-biodiversity-conference-climate-change.html
https://www.nytimes.com/2022/03/02/climate/global-plastics-recycling-treaty.html


https://www.bbc.com/news/science-environment-60815547

https://www.birdlife.org/news/2022/03/08/farm-lobby-russia-ukraine-
war-food-security-european-green-deal/

https://www.audubon.org/news/the-planet-undergoing-ecological-
transformation-imperiling-biodiversity?ms=digital-eng-email-ea-newsletter-
engagement_20220323_wingspan_

https://www.audubon.org/news/the-planet-undergoing-ecological-transformation-imperiling-biodiversity?ms=digital-eng-email-ea-newsletter-engagement_20220323_wingspan_


Summary

• Consumers ask for clean and natural personal 
care products

• Natural is not the same as sustainable – how 
can the personal care industry be sustainable?

• Natural product certifications and the UN 
Sustainability goals

• Challenges of sustainability in personal care
• Available sustainable ingredients and how to 

replace non-sustainable ingredients
• New, greener ingredients that are becoming 

available
• Opportunities for greener substitutions



Consumers want sustainable products
• More than half of global consumers identified natural claims as a top 

factor in purchase decisions 
https://www.cosmeticsandtoiletries.com/cosmetic-ingredients/natural-
sustainable/article/21837386/ingredion-inc-10789-the-clean-beauty-consumer-skin-care-part-1-
of-3

• 71% increase in online searches for sustainable goods globally over the 
past 5 years
https://www.weforum.org/agenda/2021/05/eco-wakening-consumers-driving-sustainability/

• 50% of CPG growth from 2013 to 2018 came from sustainability-marketed 
products.  Products marketed as sustainable grew 5.6 times faster than 
those that were not.
https://hbr.org/2019/06/research-actually-consumers-do-buy-sustainable-products

• The COVID-19 pandemic has increased interest in sustainability across 
demographics and geographies.
https://www.mckinsey.com/industries/retail/our-insights/prioritizing-sustainability-in-the-
consumer-sector

Photo by Karolina Grabowska from Pexels

https://www.cosmeticsandtoiletries.com/cosmetic-ingredients/natural-sustainable/article/21837386/ingredion-inc-10789-the-clean-beauty-consumer-skin-care-part-1-of-3
https://www.weforum.org/agenda/2021/05/eco-wakening-consumers-driving-sustainability/
https://hbr.org/2019/06/research-actually-consumers-do-buy-sustainable-products
https://www.mckinsey.com/industries/retail/our-insights/prioritizing-sustainability-in-the-consumer-sector
https://www.pexels.com/@karolina-grabowska?utm_content=attributionCopyText&utm_medium=referral&utm_source=pexels
https://www.pexels.com/photo/blank-cream-tube-on-fresh-chestnut-leaf-4465124/?utm_content=attributionCopyText&utm_medium=referral&utm_source=pexels


Sustainable is not the same as ”clean”, natural, 
biobased, renewable, and biodegradable



Natural is not sustainable

• photos of palm oil, sugar cane, soybean plantations

Palm oil plantation: 
natural, green, 
biobased, renewable, 
but not sustainable



Sugar cane plantation: 
natural, green, 
biobased, renewable, 
but not sustainable



Natural ≠ sustainable
Petroleum-

based
Natural Sustainable

Made from renewable 
feedstocks

Preserves biodiversity

Doesn’t contain toxic 
impurities

Carbon neutral

Nagoya protocol

Environmental justice



2030 Agenda for Sustainable Development
adopted by UN in 2015



UN Sustainable Development Goals that 
cosmetic chemists can contribute to

Green chemistry
Reduce waste

Reduce water use

Carbon 
neutrality
Use less 
energy



Customer sustainable value 
proposition: what’s in it for the 
customer?

• Sustainability has to add customer value –
hard to sell product only based on how 
sustainable it is

• Consumers choose more sustainable 
products based on:
• Product sustainability claims, if credible by being 

backed by a brand or a certifying body
• Packaging that is recyclable and preferably not 

plastic
• Ingredient list with natural ingredients
• Performance that is not much worse than non-

sustainable products



Natural standards: do they make a difference?

Natural standard NPA NATRUE COSMOS ISO 16128

Governing 
Organization

Natural Products 
Association

International Natural and 
Organic Cosmetics 
Association

BDIH (Germany), Cosmebio (France), 
Ecocert Greenlife (France), ICEA (Italy), 
Soil Association (UK) 

International Organization 
for Standardization 

Natural ingredients >95% Depends on product class >95% >50% and depends on % 
natural origin claimed

Naturally derived / 
biobased 
ingredients 

Only some chemical processes allowed

GMO content Not allowed Not allowed

Nanosize materials Only allowed for UV filters

Preservatives Natural only Some nature-identical and 
nature-derived

Natural only All allowed outside % 
natural origin claimed

Quaternary 
conditoners

3 temporarily 
allowed

Allowed as long as % 
natural is met

Not allowed Allowed outside % natural 
origin claimed

Excludes some 
biotech processes

Some rules appear 
arbitrary



Sustainability 
certifications 
cover SDGs 
that natural 
standards 
don’t touch

Biodiversity

Climate 
change

Environmental 
justice



It’s difficult to be sustainable in personal care

Most consumers want to buy products with a sustainable value proposition, but can’t find them

Feedstocks
Feedstocks of 

important 
ingredients are 
not renewable

Production 
processes
not carbon 

neutral
not green

Packaging
Often made of 
materials that 

don’t biodegrade 
and/or are not 

recycled

Distribution
Inefficient 

because products 
contain large 

amounts of water

After use
Used product 
ends up in the 
environment



Best possible future situation

Products with a competitive sustainable value proposition are readily available

Feedstocks
Sustainable 
feedstocks

Production 
processes

Low waste and 
carbon neutral 

or negative

Packaging
Recycled, 

reusable, or 
biodegradable

Distribution
Carbon neutral 
transportation, 
reduce product 

volume

After use
Recycled or 

biodegradable

Where cosmetic 
chemists can contribute



How can cosmetic chemists make the 
industry more sustainable?
• Use principles of green chemistry:

1. prevent or reuse waste streams – during manufacture 
and in consumer use

2. use sustainable feedstocks
6. design for energy efficiency - make stable, cold 

processed formulations
10. design for degradation

• Formulate high performance products that 
consumers prefer over non-sustainable alternatives



Sustainable ingredients for every formulation 
function

Surfactants

•Long chain fatty acid 
glucosides

•Long chain fatty acid 
betaine derivatives

Emulsifiers

•Glucosides
•Sorbitan esters
•Polyglycerols

Conditioners

•Long chain fatty acid 
ammonium esters

•Amphiphilic phospholipids
•Cationic amino lipids

Emollients

•Natural oils
•Glycerol esters

Thickeners

• Guar gum, xanthan gum
• Modified 

polysaccharides

UV filters

• TiO2, ZnO (although not 
renewable)

Chelators

• Multivalent ions
• Sodium phytate

Preservatives

• Salicylic acid
• Benzyl alcohol
• Japanese honeysuckle



What ingredients don’t have sustainable 
alternatives?

Silicone Oil
Silicone Elastomer Acrylic Polymers

PVP Polyurethanes

Ingredient suppliers have tried 
for a decade to find 
replacements, but unique 
properties and low cost make 
this an uphill battle.

This is a marketing and 
formulation challenge.

Products meeting this 
challenge will find an open 
market.



Routes to replacing non-sustainable ingredients

Optimize performance 
of sustainable 

ingredients

Redesign product 
formulations

More effective 
marketing of 
sustainability

Make existing 
ingredients more 

sustainable

Switch to 
renewable 
feedstocks

Reduce energy 
consumption in 

manufacture and 
use

Develop new 
sustainable 
ingredients

Make sure all SDG 
criteria are met

Target segments 
without sustainable 

alternatives



Main current ingredient manufacturing processes

• Not allowed by COSMOS standard
• Often uses petroleum-derived EO, although bio-EO exists
• 1,4-Dioxane is a byproduct, which is possibly carcinogenic to 

humans; not allowed in NY State above 10 ppm from end 2022

Ethoxylation of 
fatty alcohols

• Allowed by COSMOS standard, provided no petrochemicals, 
aromatic and halogenated solvents, or formaldehyde are used

• Used to make emollients such as isopropyl myristate

Esterification of 
fatty acids

• Allowed by COSMOS standard, provided no petrochemicals, 
aromatic and halogenated solvents, or formaldehyde are used

• Used to make alkylated carbohydrates such as hydroxypropyl 
cellulose

Etherification of 
alcohols

Can be 
sustainable 

if green 
chemistry is 

practiced



New production processes practiced by startup firms
Generally based on sustainable feedstocks

Feedstock Process Product

Petroleum

Natural oils

Natural sugars

Wood products

Food & industrial 
waste

Green chemistry

Microbial 
fermentation

Biomass 
decomposition

Functionalization

Synthetic 
chemistry

Basic chemicals

Biosurfactants

Emollient oils

Biosimilars

Biopolymers



Ingredients made with green chemistry and made by microbes

Ingredients made from wood

Ingredients made from algae

Ingredients made from plant oils

Ingredients made by fermentation



Ingredients made from wood

• Citronellol derivatives made from tree sap using green chemistry
• Range of materials is possible, including emollients, petrolatum 

alternatives, and oils
• Sensory feel is similar to silicone oils, making this a viable substitute

P2 Science

• Lignin (wood residue) based materials by depolymerization of lignin
• Several startups studying this but no commercial products yet

Bloom Biorenewables, Mobius, Lignolix



Ingredients made from plant oils

• Biorenewable surfactants based on oleo-furan with outstanding hard 
water tolerance

Sironix Renewables

• Biodegradable film formers derived from coconut, castor and palm oils
• Impart comparable or better water resistance in sunscreens compared to 

industry-standard film forming polymers
Inolex



Ingredients made from algae

• Thickener made from algae that outperforms glycerin in sensory tests
BASF

• Oil derived from algae sourced from chestnut tree sap; marketed for hair 
and scalp

Lubrizol



Ingredients made by fermentation
• Sophorolipid surfactants Locus PI
• Rhamnolipid surfactants Evonik, Stepan, Jeneil Biotech
• Cationic amino lipids Inolex

• All GMO free, biodegradable

• Squalane Aprinnova
• Collagen and Elastin bioactives Geltor

• Biosimilar palm oil: substitutes for harvested palm oil
C16 Biosciences



Fermentation by bacteria or yeast has potential to 
replace many ingredients with more sustainable forms

© Aprinnova 2022



Opportunities for new sustainable ingredient technologies

Market need Technology opportunity

Sustainable alternatives to silicone oils Natural oils with sensory performance same as silicone oils

Sustainable and biodegradable cationic dispersants and 
polymers

Higher performing, lower cost than the current materials

Materials with much lower water needs in product and in 
consumer use

New solid product forms with high performance in low water 
conditions

Carbon-negative chemical production processes Green chemistry combined with carbon capture

Green nature-identical alternatives to high intensity natural 
ingredients

Chemically identical alternatives to natural materials with 
high ecosystem impact

Sustainable film formers with performance same or better 
than polyvinyl pyrrolidone

Functionalized biodegradable polymers

Natural preservatives with cross-spectrum performance Identifying and isolating natural antifungal and antimicrobial 
chemicals

Natural acrylate alternatives for application as rheology 
modifiers and superabsorbers

New green and biodegradable superabsorbing polymers



Packaging and transportation

• The cosmetics industry produced 120 billion units of packaging in 2018 (Zero 
Waste Week).  If refillable containers were used, 70% of carbon emissions 
would be eliminated (Ellen MacArthur Foundation)

• Reusable (refillable) or recyclable bottles, jars, tubes and other packaging 
made out of renewable materials should be the preferred option

• CO2 emissions due to shipping and transportation can be minimized by 
producing the product components close to where they are used

• When possible, ship concentrated product and add water at the point of use; 
fill product into consumer packaging close to point of use

• Some companies purchase carbon offsets to reduce CO2 emissions, which 
help but are not a long term solution

https://www.zerowasteweek.co.uk/
https://emf.thirdlight.com/link/faarmdpz93ds-5vmvdf/@/preview/1?o


Conclusions

• Achieving the UN Sustainable Development Goals by 2030 is still possible
• Transforming the personal care and cosmetics industry to full sustainability is a 

major challenge that cosmetic chemists and engineers are well equipped to 
handle

• Current product portfolios will need to be examined to redesign non-sustainable 
products

• New product formulations need to use only sustainable ingredients and existing 
formulations reformulated

• Packaging and transportation remain challenges
• Vital is communication to consumers to build awareness of the importance of 

sustainability
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Marc N.G. de Mul, “Second Nature: Sustainability as the Outgrowth of Naturals, A Commentary”, 
Cosmetics & Toiletries 2020, July issue, 26-37.

Beating the heat; how chemistry can decarbonize the economy and stall global warming, ACS 
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2021 Product Developer’s Guide to Sustainable, Ethical Beauty Ebook, Cosmetics & Toiletries 2021.

https://www.cosmeticsandtoiletries.com/formulating/category/natural/Startup-Solutions-A-Survey-of-Green-and-Sustainable-Innovations-574238361.html
https://www.cosmeticsandtoiletries.com/regulatory/organic/Second-Nature-Sustainability-as-the-Outgrowth-of-Naturals-A-Commentary--570367791.html
https://cen.acs.org/sections/discovery-reports/decarbonize-economy-chemistry-global-warming-climate.html
https://www.cosmeticsandtoiletries.com/cosmetic-ingredients/natural-sustainable/document/21837827/amyris-inc-product-developers-guide-to-sustainable-ethical-beauty-free-ebook
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