
P L A C E  B A S E D  P A I N T  M A K I N G
Transitioning away from acrylic paints in the artist studio is crucial to establish studio

practices that reduce or even eliminate reliance on fossil fuel-based materials, and
detrimental mining practices which are harming human and biosphere health.
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T H E  P R O B L E M
The commercially made materials used in artist and maker studios
have significant impacts to human and biosphere health such as
land stress, water stress, habitat destruction, socio-economic
disparities, acidification, and microplastic pollution, to name a few. 

These consequences are interconnected with the production, use,
and disposal of these materials in artistic and creative processes,
emphasizing the far-reaching implications of material choices on
multiple levels. 

The disconnect between the artist and their materials is causing
negative effects on human and biosphere health.

Source: Canva
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D E F I N I N G  T H E  P R O B L E M
The following pages lay out the process of defining the problem
through:

Research
Observation
Analysis
Organization & Synthesis
Description

Source: Canva
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Acrylic paints gained popularity in the 1950s for
home and furniture painting, and soon became
manufactured by artisan and commercial brands for
the crafter to the professional. Acrylic paints, which
are commonly synthetic pigments mixed in an
acrylic polymer emulsion, are petroleum-based and
widely used in artist studios, art schools, and
various art programs. 

The creation of acrylic paints, synthetic pigments
and packaging are petroleum based materials
contributing to global plastic production, which has
dramatically increased in recent years to over 368
million metric tons in 2019 and contributing to 4
percent of global greenhouse gas emissions in 2015
as stated by Project Drawdown. 

Mining of minerals for the pigments plays a
significant role in paint production, particularly for
colors like titanium dioxide, ochres, cadmium, and
cobalt. However, mining has long-term ecological
damage and profound social impacts such as
displacement and pollution according to Earth.org.

917,123,009,608
tubes of 2 oz paint

If we were to convert 52 million tonnes of paint to
something easier for an artist to visualize such as a

tube of paint, it would equal:

52 million tonnes of paint
produced every year.

This is across industrial and commercial industries.

Here are only some of the materials found in an artist
studio which commonly contain an acrylic polymer binder

Defining the Problem02

modeling paste Pastels

mural paint

gouache

screen printing
paint

acrylic markers
acrylic inks

gesso paints varnishes

R E S E A R C H
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According to a recent study by Environmental Action,
even though these paints are said to be safe to dispose
of down the drain because they are water based, the
disposal of these materials contribute to microplastic
contamination in waterways measuring over 3 times
greater than the threat of textiles. 

 Of that, 1.9 million
tonnes are

microplastics.

7.4 million tonnes of
paint is leaked into

oceans, waterways &
land each year.

Defining the Problem02
R E S E A R C H
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The first pigments were created by prehistoric
artists 40,000 years ago, who used a mixture of
soil, animal fat, minerals, charcoal, and chalk to
paint the walls of their caves.

In just the last 200 years, compared to the several
thousand that humans have been painting, the
advancements that have been made in science
have completely disconnected the artist from the
natural world to the point where they don’t know
where their paints come from, nor do they know
what the actual impact of their choices are
making on the health of humans or the biosphere.

More details on this history can be found in
Appendix B.  

Da Vinci’s Studio at Le Clos Lucé 1515-1519

Defining the Problem02
R E S E A R C H
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U N  S D G S
From the research, the focus of this project will center on three
main global Sustainable Development Goals from the UN: 

Goal 12 is about ensuring sustainable
consumption and production patterns, which is
key to sustain the livelihoods of current and
future generations.

Goal 8 is about promoting inclusive and
sustainable economic growth, employment and
decent work for all. 

Goal 14 is about conserving and sustainably
using the oceans, seas and marine resources.
Healthy oceans and seas are essential to
human existence and life on Earth.

Defining the Problem02
R E S E A R C H
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Defining the Problem02

Seven artists were interviewed in their Twin
Cities studios to uncover the reasons they
prefer using acrylic paints. 

 These matrices reveal results of their
interviews and studio tours. 

Common reasons why they use acrylic based
paints:

got used to it and stuck with it - less
intimidating than oils
dries fast
affordable
easily accessible
can clean with water (although in the
Research phase we learned this isn’t safe
for the environment and shows how artists
are unaware of the impacts to the biosphere
and human health). 
less smell than oil painting
opaqueness Ashtyn Sibinski

Halle Rittgers
Carrie  Katzenmeyer
Laura

Sean Garrison
Christopher Harrison
Emily Anderson

Key Takeaways:

1) The data shows that most artists have
little to no experience in making their own
paints so there’s an opportunity there.
However, making your own paints may mean
that the consistency is different or they may
work differently or need a different
substrate. 

2) These artists don’t always stick to the
same style and they are trying new materials
so they may be open to some experimenting

3) These artists are looking for inexpensive
material choices.

4) At least half of these artists are at least
considering sustainability in their studio
practice, so they might be open to more
sustainable ideas for their studio.

T H E  A R T I S T S

O B S E R V A T I O N
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Each color represents one of the artists.



T H E  S T A K E H O L D E R S

Stakeholders:
The Artist - in this case we are looking at
professional artists.

The Client/Buyer - these artists rely on
making a living selling their work so the
client/buyer is an important stakeholder.
Transparency about the materials: why the
artist uses what they do and stories around it
will be important= Creating a narrative. For
future growth, it’s important to consider
alternative opportunities for financial growth
for the artist that align with their values such
as grants, sharing knowledge, partnerships,
etc...

The Biosphere & Human Health- the current
actions of using acrylic paints is having a
significant effect on the biosphere & human
health. 

Who are the actual stakeholders for an artist when they
are creating an artwork? 

Artist
The Biosphere

& Human
Health

Client/Purchaser of
Artwork

Stakeholders

Defining the Problem/Observation02
O B S E R V A T I O N
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Strengths
 

Opportunities
Often, when limiting supplies is when the best

     innovations happen. So what if the paints are
     different and there isn’t an equivalent to acrylic,
     or neon pink is no longer available? What
     CAN be created? What new creations can one
     make with the new limitations? What new
     styles will happen. 

Do paintings, or creations for that matter, HAVE
      to last forever? So what if the colors aren’t
      lightfast, or they change color over time. What
      does that mean? 

Can art be created that can be returned to the
      earth without damaging it? What does that
      look like? 

Weaknesses
Unlikely to be exactly the same as mass

      produced acrylic paint
Artists might not want to spend the time

      making their own paints
Some artists are taught that they have to use

     professional brands to be a professional      
     artists so they might not even be willing to try

Might not want to experiment, too attached
to their own style. 
Color limitations
Longevity/lightfastness of colors?

Threats
The Mona Lisa - The mindset that every artist
is creating work that will end up in galleries for
centuries like the Mona Lisa and be traded in
auctions forever. When in reality, most of it will
eventually end up in a landfill. Trends change,
and styles change, and people die, and what
happens with the artwork they buy today? 
How likely is acrylic to be eliminated off the

      shelves? 
People’s increased desire for convenience.
Art schools only teaching with materials from
the art store. 
Fast-consumerism.
Unwillingness to change.

Able to create a clean supply chain and design
      out acrylic and petroleum based materials

Cleaner health in the studio
Cleaner health for the environment 
More hands on engagement with their art
More hands on engagement with nature
Better understanding of from what their art is
made
Potentially more perceived value for the client if

      marketed correctly
Better branding/marketing in a oversaturated

      market place to stand out as an artist that
      makes their own materials

Is it possible to eliminate acrylic paint materials in the artist studio and shift to having artist make
their own paints from more sustainable materials? 
SWOT Analysis based on the research and observations. 

Defining the Problem02
A N A L Y Z E
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Takeaways

With limits comes creativity. If going to an art supply store and
having all the choices is no longer an option, and only being able
to use what you can make is the new limitation, artists will have to
lean into their creativity with limited materials. New, exciting
artwork could emerge.

Artists who work primarily with acrylics may need to rethink their
art when shifting to a different medium. Just as it would be if they
shifted to watercolors or charcoal as a primary medium. There’s a
learning curve. The art they made with acrylics won’t be able to
be the same in the new medium. But this doesn’t mean they lose
their “style”, and it opens the door to new opportunities. 

There’s as much of a mindset/behavior change for the artist as
there is an education on more sustainable materials. 

There’s a lot of teachings on art technique, but very little on art
materials, other than what materials to buy. There’s a disconnect
between artist and their materials.

Exploring more sustainable art materials could help them stand
out in a crowded art market.

Some acrylic artists may not be willing to make a change.



Plant Fibers
Water/River Water

Lake Pigmenting

Recycled Wood/
Wood Scraps

Stretcher Bars

Handmade Papers

Vinegar
Salt

Gum Arabic
Alum
Water

 Clove Oil?

Alum?
Soy?

Recycled Fibers? 

Modifiers:

soda Ash
Cream of Tartar
Baking Soda
Citric Acid
Ferric Acid
Calcium Carbonate

Step 2 - Possible Primers? 
Not needed for all substrates. 

eliminate these? 

Egg Whites
Gum Arabic

Honey
Vegetable Glycerin?

to
 m

ake to m
ake

can be m
odified by

Substrate
Canvas

Primer -
Historical Recipe
Research Needed

Earth Materials:
Foraged
Ochres

Minerals
Etc

Waste Stream
Materials:

Kitchen Scraps
Found Materials:

Bricks
Copper
Chalk

Makeup

Plant Materials
Flowers
Roots
Bark

Seeds
Leaves

Ink Making

Dye Making

Brushes/Tool Making

Egg Yolks
Alcohol
Water

Tempera

Gouache

Oil Paints

Pastels

Fast Drying Oil

Solvent

Screen
Printing Ink Walnut Oil?

Alcohol?
Starch?

Wheat/Oat
Starch?

Step 1 - Possible Substrates

Step 3 - Possible Base Materials 

Step 4 - Possible Processes

Step 5 - Possible Paints

needs?

needs?

can be 

m
odifie

d by?

needs?

needs?

needs?

needs?

What goes into making a painting and making paints? What are possible
alternatives for acrylic paints? Researching making paints from waste stream
materials, earth materials and plant materials and mapping them out helps create a
more clear picture of all the components involved in making paint at home. Some
recipes had conflicting information so additional research plus trial and error will
help narrow down what is necessary and what isn’t for successful recipes. 

Defining the Problem02

alternatives?

to
 m

ake

needs?

alternatives?

needs?

Egg Shells
+ Rabbit Skin

Glue?

Alum
Calcium

Carbonate
Sodium

Carbonate
Water

ne
ed

s?

Step 5 - Pigments

Watercolors

needs?

needs?

Glair
Egg

Whites
Water

needs?

Egg Whites
Water
Chalk

Calcium
Carbonate

needs?

O R G A N I Z E  &  S Y N T H E S I Z E
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Key Design Drivers

Ingredients should be sourced locally (within 25 miles of the city of
Minneapolis for this author). This creates a local area parameter for
exploration for the project.

Ingredients should not be synthetic in nature whenever possible.
Tracing supply chains will be important for this research.

Recipes need to be something that can be made in a kitchen, not
dependent on elaborate equipment. Artists will likely not want to invest
in expensive lab equipment. Being able to make paint with what is
already on hand will be important for an artist’s willingness to try these
recipes

The recipes need to create paints an artist would use, and should be
water-based media, like acrylic paint. 

Through the creation process, waste needs to be able to be returned
to the earth safely. Nothing should be considered hazardous waste. 

Materials need to be inexpensive since this was a common reason
artists preferred acrylics. 

Resulting paints must not have an off-putting smell since this was a
common reason artists preferred acrylics. 

Recipes must be simple and easy to learn.

Key Design Objectives & Potential Sustainable Design Strategies

Consider Future Generations
Design for the 7th Generation

Create “green” jobs
Buy locally-made, artisan-made materials

Design for connection with nature
Comply or exceed compliance

Meet or exceed standard environmental practices
Optimize Resources

Incorporate Recycled Content
Localization

Work Within Living Systems
The Natural Step

Source Responsibly
Source sustainably-managed renewable resources 
Source from vendors who meet or exceed standard environmental practices 
Source local materials 

Renew Resources
Use annually-renewable or rapidly renewable materials 

Optimize Material Health
Eliminate or avoid toxic materials
Inventory and assess the impacts of the chemistry of a material over the
lifecycle 

Consider the complete lifecycle performance, not just one phase 
Cycle Resources

Design for Composting
Cause no harm, create no new problems - Precautionary Principle

Defining the Problem02
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D I V E R G E N T  T H I N K I N G
The following pages include various divergent thinking exercises:

Mind Mapping
List Making
Gap Filling
Attributing Change

Source: Canva

Lara Cornell / SD-7620-20-F23- The Practice of Sustainable Design / 14.2 / 121023

03



Key Challenge 1:
Popularity of acrylic paint from the art store

Looking for opportunities in How might we...? statements. 
These questions are explored through the following brainstorming exercises.

How might we make paint in the home
instead of going to the art store?

How might we source only locally
available natural materials instead of

commercially available?

How might we make art without using
petroleum based materials?

How might we make art without
harming the biosphere?

Key Challenge 2:
Reliance on fossil fuel derived materials in
many artist materials

Divergent Thinking03
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Exercise 1: Mind Map

How might we make
paint in the home?

= possible ideas to follow up on

Divergent Thinking03
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Divergent Thinking03
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Exercise 1: Mind Map

How can we make art
without harming the
biosphere?

B R A I N S TORM I NG



Use natural resources to make materials
eco art supplies
pigments
stone 
clay-wild clay
from nature
sourcing materials from abundant resources &
renewable
use invasive species
harvesting/foraging
performance art
singing/music
materials & processes
land art
make own art materials
involving nature in the art process
shifting perception of the gallery of art = money
materials are compostable
eliminate petroleum based materials all together
low VOC materials
materials data sheets for all materials used in process
make Mother Nature a stakeholder - give her a seat at
the table
water after use in studio must go back out just as clean
handmade from sustainable sources
anthotype art
shifting artist mindset to make nature a priority
studying more ancient & historical art - how was it done
in the past?
Repair/salvage previous art or materials into new work

No waste rule in studio
How can studio waste become food for
something else?
Can some of the materials be from the waste
stream of another place? eg” used coffee
grounds to make ink from a local coffee shop? 
Replace synthetic pigments with non-petroleum
derived pigments
Replace chemicals with a plant alternative
Art that has utility-purpose-usefulness
Botanical dyeing
Connecting with nature
Partnering/collaborating with entities with
Watershed who would have environmental input
in the process.

Divergent Thinking03
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Exercise 1: List
Making

How might we make
art without 
harming the
biosphere?

B R A I N S TORM I NG



Legislation
around fossil fuel

and mining
extraction

Regulation: artists
reporting on the
environmental
impacts of their
materials as a

business

Artist grants
available for more

sustainable art
practices

Divergent Thinking03
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Exercise 1: Gap
Filling

What do I need to fill
the gap from 
A: Acrylic based
paints to 
B: No Paints with any
acrylic polymers or
crude oil derived
materials?

B R A I N S TORM I NG



First art was mostly locally available ochres (earth pigments) & water
in caves to tell stories of local events/people animals
Charcoal easy to make from wood/vines in a fire.
Brushes were fingers, hands or made from plants or materials found
in nature. 
Inks are easy to make - carbon black is essentially black carbon from
the fire. Lamp black was teh black soot from oil lamps. Can get blacks
from some plants
Egg shells can make a white ink & watercolor (but not a pure white
paint)
Artists who created illuminated texts created paints using pigments
with egg whites and honey
Tempera paint used with gold leaf on icon paintings on wood used
egg yolks with pigment and a bit of alcohol
Gilding used, still to this day, rabbit skin glue, clay bole in gold or red
(ochres & 24k gold) often on wood or plaster. 
Fabric dyeing used botanical materials long before anything synthetic
was created. Weld, wood and madder root along with indigo are still
incredibly popular & cover the primary color bases of yellow, blue and
red. All of these can be made into inks & pigments as well. 
Buckthorn was also used to make Dutch Pink (a yellow color) for
painting. In some areas Buckthorn is considered invasive. 
Quills were used as a pen for inks.
Papers were made by hand using cellulose fibers
Interior paint was milk paint, lime plaster or casein paint. 

Divergent Thinking03
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Exercise 1:
Attributing Change

What was used
before acrylic paint?

B R A I N S TORM I NG



P O S S I B L E  I D E A S  T O  F O L L O W  U P  O N
Ink & Pigment making from Botanical, Agricultural
Waste and/or Earth (natural materials & only from
abundant and renewable sources). Also consider
invasive species.

Honorable Harvesting/Ethical Foraging.

Partnerships/Collaborations with organic and/or
regenerative farms, as well as geologists, watershed
organizations, agricultural organizations and local
social enterprises.

Get knowledge from teachers of ink & pigment
making, source historical alchemy books & recipes,
and research into other cultures who made their own
paints for various hand making skills.

Connecting/Respecting nature.

If an artist is just creating inexpensive art for the
masses, are they just creating for the landfill? Is this
an result of consumerism and our current economic
system?

Can all materials be clean enough to be put in
compost or in the garden from the studio?

Consider maybe art can be temporary & doesn’t have
to exist forever.

Explore the concept of land art within the context of
this project. Does the messaging and values of
sustainable art outweigh the convenience of acrylic
paint?

Making the environment a stakeholder in the art
making process & making it a priority.

Consider educational components: What does water-
based paint mean? What are the problems with fossil
fuel based materials?

Share stories of artists creating work without the use
of fossil fuels = motivation and inspiration.

Divergent Thinking03
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L I F E C Y C L E  P R O C E S S  &
F L O W S
To understand where to intervene in a system for the biggest
impact, it’s important to look at the system as a whole.

The following pages illustrate the lifecycle of acrylic paint, and
thinking through the best stages to intervene for maximum impact.

Appendix A includes additional detailed research of acrylic polymer
binders, titanium dioxide (the most common mineral in paint) and
quinacridone (a very popular family of synthetic pigments in paint) Source: Canva
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L I F E C Y C L E  O F  A C R Y L I C  P A I N T
Raw Material Extraction
from Horizontal Drilling
or Hydraulic Fracturing

Transport
to paint making plant + to

retailer + to studio (at
minimum)

Packaging.Paint Creation

In Studio Use

EOL

Inputs
water & chemical
fuels for machinery
labor

Outputs
wastewater & tailings
w/possible heavy metals and
radioactive materials stored in
underground wells or open-air
pits that can lead or overflow
contaminating aquifers
land use & stress on natural
ecosystems
destruction of vegetation &
soils 
emissions from heavy
equipment
frequent oil leaks
habitat destruction
community evacuation
PRODUCT: crude oil

Inputs
PRODUCT: crude oil
energy from coal to power refinery
labor

Outputs
PRODUCTS: Refinery Gases,
Kerosene, diesel, gasoline blending
components, naphtha, lubricating
oils, kerosene, residual fuel oil,
refinery gases
SECONDARY PRODUCT from
naptha: Acrylic polymer
reduced access for local people to
uncontaminated fresh water supplies 
pollutants = cancer causing benzene,
particulate matter, nitrogen oxides,
carbon monoxide, sulphur dioxide.
Refinery pollution contributes to
existing racial & socioeconomic
health disparities due to location of
the refineries
dangerous work around chemicals
dangers of fires
acid precipitation & acidification 
health risks from living near refineries

Inputs*

pigments: For example
Titanium Dioxide from
dry or hard rock mining
and processed through a
chloride process, and
Quinacridone a synthetic
pigment derived
turpentine. Lifecycle
details in Appendix on
both of these pigments.
additives

Plasticizer (petroleum
derived)
Stabilizer/Surfactant
Solvent (petroleum
derived)
Thickener/Thinner 
Preservatives/Biocides
Dispersants

labor

Outputs
PRODUCTS: Acrylic
Paint
Energy from coal to
power manufacturing
plant

Inputs
acrylic based tubes or
bottles and tops
labor

Outputs
PRODUCTS:
Commercially packaged
acrylic paint
Energy from coal to
power manufacturing
plant

Outputs
microplastics from tires
on road
air pollutants: particulate
matter, nitrogen oxides,
volatile organic
compounds from
vehicles, suspected to
cause cancer

Inputs
fuels for machinery
labor

Inputs
water
paper towels
paint brushes
canvas or other
substrates
other paint mediums
(optional)
energy from coal for
the studio lights
labor

Outputs
PRODUCTS: artwork
paper towel/rag waste
acrylic paint water
waste
microplastics
acrylic paint waste
packaging waste
(unused, dried up
and/or empty paint
tubes)

Landfill
paint tubes, used
brushes, rags, paper
towels, artwork

Hazardous Waste
left over paint and
paint tubes

Leaching
Microplastics leaching
to oceans and
waterways affecting
oceanlife health

Lifecycle Process & Flows04
Material Processing

Fractional Distillation & Chemical
Processing at Refinery

Converting Naptha through
additional polymerization and

compouding/processing to acrylic
polymer

*Very difficult to obtain exact
information. These are generalizations.
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N A T U R A L  S T E P  S Y S T E M S  C O N D I T I O N S

“In order for a society to be sustainable, nature’s functions and
diversity are not systematically subject to increasing concentrations
of substances produced by society.”

The outputs shown in the diagram reveal pollutants such as cancer
causing benzene, particulate matter, nitrogen oxides, carbon
monoxide, sulphur dioxide at the manufacturing stage. As well as
heavy metal and radioactive materials in the waterways in the
extraction stage, and suspected cancer causing air pollutants at the
transportation stage. This leave plenty of opportunities for
intervention.  

Systems Condition 2

In order for a society to be sustainable, nature’s functions and
diversity are not systematically impoverished by physical
displacement, over-harvesting or other forms of ecosystem
manipulation. “

Deep-sea drilling for crude oil has the potential of exploding, leaking
or spilling oil into the ocean. Oil Extraction (land and sea) has a
devastating effect on habitats. Mining can cause water acidification,
soil erosion and the degradation of local ecosystems. Additionally,
adding microplastics to the oceans and waterways are detrimental to
oceanlife.  

Systems Condition 3

“In a sustainable society resources are used fairly and efficiently in
order to meet basic human needs globally.”

Refineries contribute to racial and socioeconomic health disparities
due to where they are located. Additionally, mining companies often
contribute to exploiting communities who don’t have the means or the
power to fight them and contribute to the socioeconomic disparities.

Systems Condition 4

“In order for a society to be sustainable, nature’s functions and
diversity are not systematically subject to increasing concentrations
of substances extracted from the earth’s crust.”

This lifecycle diagram shows that acrylic paint is heavily reliant on
mining both of crude oil and of minerals. The best place to intervene
in this system is to eliminate the use of industrial mining and the use
of crude oil.

Systems Condition 1

Lifecycle Process & Flows04
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Thinking through where the best place to
intervene would be in this particular life
cycle, the biggest impact in the life cycle
diagram seemed to come from the materials
chosen at the extraction point in the cycle
which influences the processing and
manufacturing stage. If materials were
chosen that were not extracted from crude
oil, they wouldn’t have to be processed in a
refinery. 

Following up on brainstorming idea(s):
Making the environment a stakeholder
in the art making process & making it a
priority.

Consider educational components: What
does water-based paint mean? What are
the impacts of an acrylic paint?
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Source locally for Pigments

Where could an artist source color instead of going
to the art store? 

Botanical (flowers, plants, bark, roots, etc.)
Agricultural Waste (the kitchen!)
Technical Nutrients (such as copper wire)

Check Red Lists before proceeding!
Biological (trickier)
Earth

Following up on brainstorming idea(s):
Honorable Harvesting/Ethical Foraging.
Explore the concept of land art within the
context of this project. Does the messaging and
values of sustainable art outweigh the
convenience of acrylic paint?
Connecting/Respecting nature.
Ink & Pigment making from Botanical,
Agricultural Waste and/or Earth (natural
materials & only from abundant and renewable
sources). Also consider invasive species.

What did artists use prior to the Industrial
Revolution to create paint? 

Researching historical texts for recipes. 

Pigments from the Romans through the 18th
century were laked on calcium carbonate
(chalk) or aluminum potassium sulfate (alum).
Alum are essentially pickling salts. Are there
pickling salts that can be composted? Calcium
carbonate can also be made from eggshells? 

Heating Kaolin clay and indigo gets you a
mayan blue.

Once the pigments are made, it’s a matter of
finding the kind of art material one would like
to make such as oil paints, tempera paints,
screen printing inks, etc.. The goal is to find
water-based media and finding the materials
that are compostable for them.

Following up on brainstorming idea(s):
Get knowledge from teachers of ink & pigment
making, source historical alchemy books &
recipes, and research into other cultures who
made their own paints for various hand
making skills.
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C O N C E P T  M O V I N G  F O R W A R D

This project aims to explore sustainable alternatives to artist materials by
utilizing locally sourced earth, plant, and waste stream materials in a local
radius. 

The primary objective is to develop a process of making one’s own paints
that can be easily executed by any artist in their kitchen, without the need
for a full chemistry lab and at an affordable cost. 

In order to meet the project's time constraints, the focus will primarily be on
developing water-based media recipes. The research will involve
conducting a life cycle assessment (LCA) analysis to compare the
environmental impacts of conventional materials with those of the newly
developed materials in this project. 

Source: Canva
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M A T E R I A L S  E X P L O R A T I O N
The following pages explores materials used in acrylic paintings
using the Sustainable Minds software.

The baseline is for 10 acrylic paintings, size 16x20 inches.

ALTERNATE CONCEPTS EXPLORED:
1) Locally Manufactured (if all manufacturing was moved to
Minneapolis - local to this author)

2) Alternate Substrate - Wood

3) Foraged pigments using commercially made acrylic binders
on commercial made canvases

4) Handmade recycled paper with locally foraged diy pigments
for inks, watercolor or tempera paints Source: Canva
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Discovering precise formulas for acrylic paints presented a significant challenge.
The manufacturers of artist paints had inadequate safety data sheets, rendering
them unhelpful. Fortunately, researching household acrylic paints provided more
valuable information, serving as the primary source for material investigation.

Research into painting restoration proved the most enlightening. An article
published by the Tate Museum in London summed it up this frustrating challenge
the best. They found three fundamental problems with conservation of acrylic
paintings. “The second was the complete lack of knowledge about acrylic
emulsion systems, especially the complexity and constant changes to the
formulas, with insufficient information coming from the manufacturers of both
raw materials and artists’ paints.” Artists don’t know what’s in them,
manufacturers aren’t sharing what’s in them (and also may not know what’s in
them or what exactly their supply chain is) and it’s constantly changing. 

For the following materials research, acrylic varnishes and acrylic binders were
chosen, but it should be noted that there are many other materials such as
plasticizers, stabilizers, and other additives that are not accounted for since they
are not available in the Sustainable Minds software. They are noted in the
Lifecycle diagram. 

W H A T  I S  I N
A C R Y L I C  P A I N T S ?

6

Source: Canva

Materials Exploration/Reference05
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Acrylic Painting using commercial acrylic paint &
canvases manufactured overseas
- 10 paintings, size 16x20 inches

A 2011 study from the US Census
bureau estimated approximately
200,000 fine artists in the US which
included art directors; craft artists; fine
artists include: painters, sculptors, and
illustrators; multimedia artists;
animators. 

If we assumed conservatively that 10%
of the 200,000 full-time artists used
acrylic paint and in one year produced
20 paintings, that is the equivalent of
1,146,403 lbs of CO2 emissions emitted
every year just in the US by painters
using acrylic paint. 

Keeping in mind that this is only based
on artists who reported themselves as
full time artists to the census bureau.
This does not include those who are
part-time or hobbyists, which this
author assumes is more than 4x this
number, in addition to the schools and
youth art programs that use acrylic
paints.

Materials Exploration/Reference05
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EcoDesign Strategy Used
Design for Reduced Distribution Impacts: Use
local production and assembly

This concept explores the idea of the items being
locally made (in Minneapolis) instead of made in
China; therefore eliminating the need for ocean
freight or long distance large haul trucks. 

This concept assumes all ingredients are not
changed, only the location of where the paint and
canvases are made is changed. 

+ 5 . 5 %  

Materials Exploration/Concept 105
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L O C A L  M A N U F A C T U R I N G
Acrylic Painting using commercial acrylic paint & canvases
manufactured locally in Minneapolis. Improvement

Reference by material
Reference by stageLocally Made Concept

by material
Locally Made Concept

by stage



EcoDesign Strategy Used
Design for Reduced Material Impacts: Minimize
Quantity of Materials

This concept explores using wood as a substrate
instead of the more common canvas. Therefore,
transportation was left the same as the baseline
and assumes all materials would still be made in
China and shipped to the US. 

This method eliminated staples, canvas, stretcher
bars, and 4oz of titanium oxide as well as 4 oz of
acrylic varnish both of which are combined to
make gesso to coat a canvas but which would not
be needed (although could still be used
depending on the artist preference) in the case of
a wood panel. 

This change of substrate minimized materials and
significantly lowered impacts. 

To further reduce impacts, looking for local
sources for FSC offcuts from local business or
even handmade recycled papers would be worth
exploring. 

Materials Exploration/Concept 205
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W O O D E N  S U B S T R A T E
Acrylic Painting using commercial acrylic paint & wooden substrate
manufactured overseas.

+ 8 8 %  
Improvement

Reference by material
Reference by stage

Wooden Substrate Concept
by material

Wooden Substrate Concept
by material



EcoDesign Strategy Used
Design for Reduced Material Impacts: 
Use renewable resources

This concept explores foraging for pigments, but
still using a commercially made binder to create
the paints as well as a commercially available
canvas. 

This seems to be the most common starting
place for artists who are new to foraging for
pigments. For example, artist may use dirt,
charcoal, etc... as a colorant and use an acrylic
binder to bind the materials to the canvas.  

Titanium Dioxide is still present because it is
used by the canvas manufacturers to pre-prime
the commercially bought canvases.

The performance improvement is significantly
lower than expected. The artists using this
strategy are not nearly making the impact they
likely think they are.

with commercial acrylic binders on commercial canvases
manufactured overseas.

Materials Exploration/Concept 305
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F O R A G E D  P I G M E N T S + 3 . 8 %
Improvement

Reference by material Reference by stageForaged Concept
by material

Foraged Concept
by material



EcoDesign Strategy Used
Design for:

Optimized manufacturing
Reduced Distribution Impacts
Reduced Material Impacts
Optimized End-of Life

This concept explores creating a substrate locally
from recycled paper. The only input needed would be
water, if the paper is sundried. 

Pigments can be locally sourced from kitchen waste,
botanicals or even earth. Instead of using an acrylic
binder, locally available ingredients such as eggs and
honey can be used. 

This eliminates the acrylic & varnishes binders, the
metal based pigments, as well as the components
needed to support a canvas substrate. Additionally,
because this can all be created locally, there is no
additional transportation. Some transportation was
included, with the most efficient vehicle available in
Sustainable Minds being a van. Water is still
accounted for which is needed to create the paper
and the pigments, but less is needed to clean
materials since the acrylic binders and varnishes are
no longer present. 

Handmade recycled paper with foraged inks or watercolors
made locally

Materials Exploration/Concept 405
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H A N D M A D E + 1 0 0 %  
Improvement

Reference by material Handmade Concept
by material

Handmade Concept
by stage

Reference by stage



Most artists starting to play with more natural materials in their art
will begin with mixing earth materials with commercially available
binders. These are usually still used on a primed canvas. This
concept was explored in Concept 3 and it was surprising to see that
this type of shift in paint making only resulted in a +3.8% change in
sustainability from the baseline. 

Concept 2 explored changing nothing other than the substrate from
a traditional canvas to a wood substrate and this resulted in a +88%
change from the baseline. This still assumes the artist primes the
wood with a clear primer and uses commercially available acrylic
paints. 

Concept 4 assumed the substrate was recycled instead of new,
therefore eliminating the manufacturing of the material in addition
to the transportation from China (but adding possible local
transportation to source the recycled material). Additionally, it
eliminated all acrylic polymers and mined pigments in exchange for
materials that could be foraged such as flowers, earth or kitchen
waste which resulted in a +100% change. 

Most surprising

Most effective

Most efficient
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Takeaways



P R O J E C T
D E V E L O P M E N T :

P L A C E  B A S E D
P A I N T  M A K I N G
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What water based mediums can be created without the
use of acrylic polymers? 

Oil paints are simply pigment plus a drying oil like
walnut, safflower or linseed. However, the issue
with using oil paints lies in the disposal of the oil
soak rags which can cause fires, in addition to
the solvents whose VOC emissions (according to
the EPA) have human health effects such as 
Eye, nose and throat irritation
Headaches, loss of coordination and nausea
Damage to liver, kidney and central nervous
system
Some are suspected or known to cause cancer in
humans.

Oils

Watercolors

Tempera & Glair

Illuminators of the past made watercolors with
pigments, gum arabic and honey. 

Tempera paints, popular in the Middle Ages & Early
Renaissance, can be made with egg yolks and water. 

Inks can be made simply with water and a flower or
plant. Some recipes add salt or a little vinegar to
coax out a color. Thickeners can be added, but aren’t
necessary.

Inks

Inks can be made directly from the base
materials. 

Watercolors and Tempera need to be made using
pigments, so pigments will be need to be created
first. 

= chosen options for this project
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M A T E R I A L S  C H O S E N

Botanical 
Decided to make a connection with a local dye expert who owns an
organic floral dye garden. Their expertise on the flora, the colors they
give, and the knowledge that no pesticides were used on the farm made
it a perfect collaboration for this project. And they were within the given
radius. 

Agricultural Waste (the kitchen! - eggs and onion skins)
Eggs were washed with water and kept in a bowl on the counter, and a
separate bowl was kept for onion skins until there was enough for this
project. Some eggs/eggshells were donated from neighbors who raise
chickens in their backyards. 

Earth (not specified, just local to my area)
Foraged on walks in our area.

Design strategies explored: Source Responsibly & Renew Resources
Source sustainably-managed renewable resources 
Source local materials 
Use annually-renewable or rapidly renewable materials 
Practice the Honorable Harvest
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D E S I G N  F O R  S U S T A I N A B I L I T Y

Changing binders so that acrylic polymer emulsions were no longer
an option

Design for Reduction - Substitution

Encouraging artists/makers to use resources as local as possible to
them as much as possible in the creation of their own work not only
challenges the artist to think more creatively, but it also creates a
sense of place (stories) in their work, builds collaborations within their
community, and hopefully bolsters their local economy.

Design for Reduction - Localization

The intrinsic value of non-human life as a priority = only take what
you absolutely need.

Deep Ecology

The hope was to be able to compost everything, but some materials
are able to be composted in comparison to nothing being able to be
composted for acrylic paint. 

Design for Composting

Design optimizes rather than maximizes
Design uses benign manufacturing
Design leverages its interdependence in the system
Design is locally attuned and responsive

Biomimicry

Considers all 4 systems conditions by not taking more than is needed,
not adding substances into the atmosphere that cannot be broken
down, not using (or using very little) coal for energy, and having a
transparent supply chain where equitable work is considered and
local artisans are paid. 

The Natural Step

source local materials. Source from vendors who meet or exceed fair
labor & trade practices. 

Sourcing Responsibly

When creating the recipes, the whole system was considered and
was looked at as a holistic approach for an artist. 

Three Pillars of Sustainability

An overview of strategies employed in the project
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Insist on the right of humanity and nature to co-exist.
Recognize the interdependence between the natural world and
the human world.
Create safe objects of long-term value without burdening future
generations.
Rely on natural energy flows
Eliminate the concept of waste - this one still needs more
research

Hannover Principles

Creating paints at home with these recipes uses climate neutral
sources and reduces demand on energy. 

Design for Carbon-Neutral Renewable Energy

The nature of these recipes is that most paints should be made as
they need to be used. Gone will be the days of buying large amounts
of paints needlessly and storing them on a shelf for the day that they
might be needed. Additionally, working with the seasons means there
are certain materials that are only available for a short window. If an
artist is working with kitchen waste, only certain materials will be
available. 

Design to Encourage Low Consumption Behavior

Optimized manufacturing
Reduced Distribution Impacts

Use local production and assembly
Reduced Material Impacts

Use renewable resources
Minimize Quantity of Materials

Optimized End-of Life

Okala Ecodesign Strategies Used

Titanium Dioxide and the accumulation of microplastics are both
topics that are still lacking in regulation in the United States. For this
project, both were eliminated from use entirely. 

The Precautionary Principle

D E S I G N  F O R  S U S T A I N A B I L I T Y
An overview of strategies employed in the project, cont...
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The research by Earth Action illustrating the problem with
microplastics in the oceans and waterways from acrylic based
paints is new as of 2019. An article from Altasea.org estimated as
of 2022, there are between 50 and 75 trillion microplastics in the
ocean. However, it is very difficult to measure the effects of
microplastics in something as fluid and vast as the oceans and
waterways. 

Beyond that, the effects of the microplastics, as has already been
studied, goes beyond just the fish. It could take decades to get
accurate measurements of the effects of microplastics on humans,
the environment and other living organisms. By the time we have
the research it might be impossible to reverse any of these effects.

Implementing the Precautionary Principle and eliminating the
potential bad actor, acrylic polymers, all together out of the artist
studio even without explicit evidence and/or government regulation
allows us to take action now.

It is worth noting that the EU has already taken action on Titanium
Dioxide in food and has deemed it a carcinogen and banned it in
food. Other governments are not yet following suit. 

C A U S E  N O  H A R M ,  
C R E A T E  N O  N E W  P R O B L E M S  

Precautionary 
Principle

“This principle asks businesses to use
foresight in the development of new

products and processes and, if these are
deemed potentially dangerous to society,

to refrain from further action.” Andres R.
Edwards
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Design Strategy Explored: Buy locally-made, artisan-made material

Materials purchased for this project: 

Honey purchased from MCAD student bee club.
Eggs purchased from the local community owned co-op who do
great things to support our community. The eggs they sell are from
a local farm. Another option is purchasing eggs from a neighbor
who sells eggs from their backyard. An option for scaling would be
partnership with a local bakery (who gets eggs locally). 
Flowers for this project where purchased to a local textile artist
who is growing her own flower farm as part of her growth as a
natural dyer. 

Further options considered but not implemented for this project would be
looking for alternate substrates. As shown in the LCA research, considering
wooden or paper substrates that are locally sourced would create a
significantly lower impact than purchasing ready-made canvas substrates
from the art store. Consider finding a furniture maker, or builder who works
with wood certified by the Forest Stewardship Council and getting off-cuts for
substrates. Or find a local artisan who makes their own paper from recycled
natural cotton fibers or recycled paper. 

Beyond buying from local artisans, there is the possibility of paint making
becoming a local artisan made job itself for artists. Once they start making
their own paints, they have the opportunity to create a new “green” job out of
it themselves based on the unique natural make-up of their own area. 

C R E A T E  “ G R E E N ”  J O B S
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“Green” jobs, according to the United Nations Environment
Program,  refers to work “that contribute(s) substantially to
preserving or restoring environmental quality. Specifically,
but not exclusively, this includes jobs that help to protect
ecosystems and biodiversity; reduce energy, materials, and
water consumption through high efficiency strategies; de-
carbonize the economy; and minimize or altogether avoid
generation of all forms of waste and pollution." 



Design strategy explored: Design for connection with nature, Deep
Deep Ecology Principles

When relying on the local environment as inspiration for artistic
materials, one becomes increasingly attuned to their surroundings.
What is currently in season? Which plants are blooming? Where can
oak trees and acorns be found nearby? Are coneflowers native to my
area?

Once the fundamentals of creating ink or making a lake pigment are
mastered, exploration and experimentation becomes more
exhilarating. Questions like, "What colors can be extracted from this
specific plant?" arise more frequently. Spending more time outdoors
and maintaining a journal to track seasonal changes become
essential. 

This information can serve as a valuable reference for future
sourcing, such as noting the best time and location to obtain sumac
abundantly. Natalie Stopko stated that a plant contains up to 20
different colorant molecules which fluctuate over the seasons.
Depending on when the plant is foraged, the health of the soil, the
amount of rain that year, the amount of sun the plant gets, etc... the
paint created could be up to 20 different colors! This is why paint
makers and natural dyers will often keep very detailed records of the
plants they use, and also why it can be very difficult to replicate
colors.

The more time spent outside, the stronger the connection to nature
becomes. Fritjof Capra, a renowned deep ecologist, believed it was
imperative to understand the patterns and processes by which nature
sustains life. By spending time outdoors through the seasons one
begins to notice these patterns and relationships within the bigger
system. Lara Cornell / SD-7620-20-F23- The Practice of Sustainable Design / 14.2 / 121023
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F O R A G I N G  F L O W E R S
Salt of the North Farm, Northfield MN

Salt of the North Farm is a dye flower farm currently
researching more sustainable and regenerative farming efforts.
They offer a U-Pick evening on the farm for the community to
pick flowers that are currently blooming from their variety of
dye flowers. Pick off the heads of the flowers (which is needed
to promote continued growth of the plant) and pay per gram on
a sliding scale basis. 

All were planted because of their proven dyeing ability (the
farmer is also an avid natural dyer) so it was certain they would
give some good ink colors. 

When looking for local plants a plant identifier app works well
when paired with research on whether or not the plant was
historically (or is currently) used in dyeing. This will often tell if
it is a good plant for making ink. Be sure to double check that
the plant is not poisonous! When in doubt, leave it alone. 

A tip from Salt of the North, freeze the foraged flowers until it’s
time to use them.

Photo Credit: Salt of the North
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Only take what you need from an area
that is plentiful. It must have the ability to
renew itself.

Look and research before you take
anything so there is nothing wasted. 

Give in return: How can everyone thrive?



Pick up bits of earth and test the texture. Look for clays, or
stones that are somewhat soft to the touch. 

To test a stone,  scratch the surface of another stone and see if
it leaves a streak of color easily. If so, it’s likely a good
candidate for making a pigment. 

Harder stones could work but will require a lot of muscle and
machinery to break it down, so it might be best to leave it
where it is.  

F O R A G I N G  E A R T H  P I G M E N T S
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Be mindful of the cultural practices that relate to
the locality

Learn more: the history of the place, geology,
typography, ecological systems, interspecies
communities

Think about the art ecosystem your pigment will
live in. How will this lovely pigment “live” with the
other art materials in the artwork? For this project stones were foraged from an area

around Coldwater Springs by the Mississippi. 

Project Development06



R E C I P E S

Making Ink from Plants

Making Tempera & Glair From Lake Pigments Created with Onion Skins

Making Watercolor & Gouache with Earth Pigments
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Making Egg Shell Pigment



The recipes in the following pages were results from hours of classes and
readings from various teachers with expertise in these particular recipes. 

An effort was made to reduce materials as much as possible, and use materials
like egg shells whenever possible to replace commercially purchased calcium
carbonate or chalk. Heat was used minimally, but was noted when there would
be an alternative. 

Since these recipes were meant for artists to just get a feel for the recipe, the
amounts were kept small in order to minimize any waste, although they are
scalable. 

All teachers are noted for each recipe. 

Takeaways on the processes are at the end of each recipe section. 

A B O U T  T H E  R E C I P E S

Project Development/Recipes06
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I N K S

Project Development/Recipes/Ink06
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Materials:
1 cup flowers (this is a
double black hollyhock)
2 cups distilled water
1 pan (must not have any
rust)
1 wooden spoon

Double Black Hollyhock

1 Extract colorant
Over low heat, cook flowers in water until desired color
is created, approximately 1-2 hours. 
Do not let water boil. 
Be sure not to let water evaporate. If need be, add a bit
more water. Some flowers will create a deep color, some
will be lighter. 

OR- Place dried flowers in a jar filled to the top, then add
distilled water to the top. Close tightly and store
somewhere dark until color is extracted. This could take
weeks.
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2. Filter
When the desired color is reached, strain the ink
through a very fine coffee filter into a storage jar. It
may take some time to filter. 

It is best to store in a refrigerator. Some recipes call
for adding a clove bud or some wintergreen oil as a
preservative. 

3. Compost
The flowers can be place in the compost.

The coffee filter can be dried and used as shifu
paper or a color sample. 

Recipe adapted from Jason Logan 
and Tortolia Inventiva

I N K S



M O D I F Y I N G  I N K
The colors of the ink can be modified by changing the
pH levels and using a few household ingredients.
Some will be very little change, and some might be
quite significant. 

However, please note that adding these modifiers will
likely change the ability of the ink to be composted. 

Here are the modifiers used to change the colors of
the Black Hollyhock ink:

Cream of Tartar
Citric Acid (or Lemon)
Pure Soda Ash (Otherwise known as Washing
Soap)
Baking Powder
Baking Soda
Calcium Carbonate (used in lake pigment making)
Alum (also known as pickling salts - a mordant
used in dyeing. These are food grade)

Be sure to keep detailed records for reference.
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This is a quick art piece created using only Black
Hollyhock ink with 3 different modifiers.

It’s important to talk about the fact that these inks are
not lightfast. It’s best to keep them out of light as
much as possible. 

Adding alum to the ink will make the color more stable
(not completely stable), but remember that it will also
likely change the original color that was created in
some way depending on it’s original pH level. 

June 2023
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December 2023



Other botanicals explored for ink

Dyers Chamomille Dried Hibiscus Coreopsis

French Marigold Viola Black Eyed Susan
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Takeaways

Findings:

The plants are renewable if sourced from a renewable source and
managed responsibly.

There is the possibility of no additives being used that could hinder
the artwork from being composted thus creating the possibility of
artwork created for compost or a cradle to cradle product. 

The creation process, can be made with sunlight instead of over heat
reducing impact further with a biomimetic principle of using only
sunlight.

If the artisan creates their own dye flower garden using native plants,
using systems thinking and regenerative ecology they could also
contribute to regenerating the native floral and fauna in their area
depending on the needs of their local area (reducing run off, etc.)

Inks could also be made from kitchen waste creating another
opportunity for material use and waste reduction.

An artisan could easily make a small business stream of making local
inks, bolstering the local economy and supporting artists who want to
use sustainable materials but who don’t want to make them creating
more local artisan jobs, sharing knowledge and building a more
sustainable community ecosystem. 

This can be an easy LCA analysis with knowing where all the
materials come from, providing a transparent supply chain. 

These inks are not stable. This would mean a new perspective on
behalf of the artist and the “client” as to what to expect out of the
artwork.

Meets the artists requirements of: 

less intimidating than oils
affordable
easily accessible
can clean with water 
less smell than oil painting

Does not meet:

opaqueness
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E G G  S H E L L
P I G M E N T
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Materials:
3-4 Egg Shells
2 jars
Mortar and pestle
glass palette and muller
distilled water
vinegar
paper coffee filter
something in which to store dry pigment
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This recipe from Natalie Stopka

1 Clean egg shells with water 2. Add egg shells to a jar with 1 part
water 1 part vinegar solution and let
sit for 10-30 minutes. This solution will
begin to dissolve the shells so do not
leave them unattended for too long.

3. Rinse in another jar of distilled water to
rinse off the vinegar solution.
Pull the membranes out of the egg shells
(these can be put in the compost.

4. Crush and grind shells with mortar
and pestle as fine as possible. 

5. Place a tablespoon of the crushed
shells on the glass palette and add 1/2
tablespoon of water. When it’s ground as
fine as possible, continue with the rest of
the egg shells. 

E G G  S H E L L
P I G M E N T



7. The watery pigment can be placed in a paper coffee filter and
left to dry.

The pigment can be stored at this dry consistency. When it’s time
to use the pigment, it would need to be ground either in the mortar
and pestle or dry on the palette with the muller to get it into a fine
powder consistency again. 

This egg pigment works well with most water based media but
tends to go transparent in oil media. 

This is actually calcium carbonate and can be used to make lake
pigments to replace commercial calcium carbonate, and can also
be used in gouache as a white filler.
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Project Development/Recipes/Egg Shell Pigment06



Findings:

There is a simpler way of processing egg shells of leaving them in
citric acid and letting the acid do the work of breaking down the
shells. However, this also adds acid to the process which would
change the end of life. The current process using only water
makes all waste completely compostable. 

This example of processing egg shells is an example of
biomimicry (and bio utilization) using only water to make
something new and there is no waste because it can be food for
something else (the garden in this case). 

Egg shells are a calcium carbonate. Other options would be
oyster shells (and other shells and coral), marble, limestone.

Consider again the impact the fossil fuel industry has. “Acid rain,
produced when emissions from fuel burning combine with water
in the atmosphere, dissolves limestone and marble structures
and artwork and acidifies rivers, lakes and ocean water. In turn,
this causes aquatic shells to weaken and begin to dissolve, with
major ramifications upon ecosystems.”     

Meets the artists requirements of: 

affordable
easily accessible
can clean with water 
less smell than oil painting
opaqueness

Does not meet:

less intimidating than oils

Although the steps in this recipe are not
complicated once practiced, it does
seem intimidating.
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Takeaways

Project Development/Recipes/Egg Shell Pigment

1

E G G  S H E L L  P I G M E N T S



L A K E  P I G M E N T ,
G L A I R  &  T E M P E R A
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Tempera and glair are water based paints that are not rewettable. 

In order to create these paints, pigments must first be created. 

What are lake pigments? They are pigments created by utilizing an
inert binder to precipitate a dye. More information is linked in
Appendix C. 

This recipe will give steps to create pigments through the laking
process using kitchen waste, in this case it is onion skins.

Then it will be followed with using the pigments created to make
tempera and glair. It should be noted that the pigments created in
this recipe could also be used to create watercolors and gouache,
just like the earth pigments created in the next recipe could be
used to make tempera and glair. 

This technique can be used with any plant from which dye can be
extracted. Artisans have used avocado pits, dye flowers, red
cabbage, nettles, black walnuts. Do some research into what
plants can be used for dyeing as a place to start. Then consider
what grows locally. 

Color fastness varies depending on the material used. 

This recipe uses every part of an egg.

The shell is used in the lake pigment
process.

The egg white is used to make glair paint.

The yolk is used to make tempera paint.
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Project Development/Recipes/Lake Pigments06



Materials

Jars/Beakers (please clean and sterilize in boiling water)
Measuring Spoons for stirring and measuring
Funnel - optional
Coffee filters
Pestle and mortar
3g Onion Skins
Distilled Water
6g Alum (aluminium sulphate) - food grade if possible
3g Calcium Carbonate (or processed egg shells)
Mask - recommended

Consider purchasing as much as possible second hand.
Once you’ve used any equipment for dyeing, don’t use it in the kitchen again. 

Adapted from Natalie Stopka, Anabel Torres, and Lucy Mayes.
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Project Development/Recipes/Lake Pigments06
L A K E  P I G M E N T S  W I T H  O N I O N  S K I N S

2
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Project Development/Recipes/Lake Pigments06

1. Add 3g onion skins (yellow or purple) to 200ml of
distilled water.
Let soak overnight so dye softens and color is
more intense. 

2. Filter through a coffee filter into another
vessel.

3. Once it is completely filtered, transfer to
a beaker so that it can be heated on low
heat. Or put jar in a pan of water to heat.

4.  Add 6g aluminum sulfate to hot onion skin solution.
Alum will not completely dilute if the solution is not hot. 
Stir and wait until completely diluted. If not completely
diluted the pigment could have too many crystals.

5. Once the pigment is completely diluted, place jar or beaker
in a baking pan (or something similar) with sides. Once  the
calcium carbonate is added it will effervesce and possibly
bubble over and make a mess. This will help contain it. 

OR - warm over heat for 1 hour
(but this requires additional
energy use).



8. Wash the colorant, remove all the colorant that
could not bind to the alum or the calcium carbonate,
and all the alum and calcium carbonate that could not
bind to the colorant. 

Take the coffee filter as-is and dunk it in a fresh
vessel of distilled water, releasing all pigment into the
water & pulling the now clean filter back out. 

Decant and filter through a fresh filter. Repeat once
more.  
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Project Development/Recipes/Lake Pigments06

6. Add 3g calcium carbonate quickly and all at once. 
Stir with a stir stick. Stirring the bubbles helps keep it from bubbling over. Let settle. 

7.Filter the fluid through a
coffee filter. Filtering may take
an hour or two. 

At this paste-like stage (after it has filtered but before it is dry), it
already has the exact same properties as the dry pigment. You CAN
leave it like this and use it! by directly mixing it with a water based
binder à la minute. Store in the refrigerator with a couple drops of
antifungal oil (like clove oil or wintergreen oil). However, it will not last as
long as a dry pigment. 
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Project Development/Recipes/Lake Pigments06

Store away from humidity and direct sunlight
since these pigments are light sensitive. Photo
was taken before the pigment was ground
finely. 

9. Put it somewhere to dry that is ventilated and
out of direct sunlight. After a day or so you will
get a dry, powdery-like substance. OR - to speed
the drying it can be dried in the oven at the
lowest temperature but this requires additional
energy use. 

10. Grind in a mortar and pestle to a powder
consistency. The more fine the powder, the
easier it will be to work with when making
paints. For glair and tempera specifically,
the pigments will need to be very fine. 



Materials:
1 egg white
a fork or a beater
a mixing bowl
a glass palette and muller for mulling paint
distilled water
palette knife
something to put the paint into when mixed (a small vessel)

Note: Glair and Tempera paints should not be stored. Only
make as much as is needed to work for the day. Can be
used on many substrates. 
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Project Development/Recipes/Lake Pigments/Glair06
G L A I R
Adapted from Caroline Ross, Scriptorium Yayyan and  Robert
Massey

2

1 In a mixing bowl, add one egg white. 2. Beat until egg white forms stiff peaks.

3. Tilt bowl to side and store like this for
1-5 hours. A liquid will start to separate on
the bottom of the bowl. This is the glair. 

2



4. Pour the liquid into another
vessel. Mix 1:1 with water to create
the binder.
If gelatinous bits are floating in the
glair, the liquid can be filtered
through a fine sieve, but this may
not be necessary. 

5. On a glass palette mix 1:1 onion
pigment to binder and mull until fully
mixed. It is important that the pigment
be a very fine grade. If it seems a bit
course, grind the pigment in a mortar
and pestle before mixing with the
binder. UNLESS, the desired paint
effect is more gritty. 

6. Mull on a glass palette to be sure
the pigment and binder are well
mixed.

glair made from onion skin pigment

Project Development/Recipes/Lake Pigments/Glair06
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Materials:
1 egg yolk
a fork or a beater
a mixing bowl
a glass palette and muller for mulling paint
distilled water
palette knife
something to put the paint into when mixed (a small
vessel)

Note: Glair and Tempera paints shouldn’t be stored. Only
make as much as is needed to work for the day. Can be used
on many substrates. 
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Project Development/Recipes/Lake Pigments/Tempera06
T E M P E R A
Adapted from Caroline Ross and Robert Massey

2

1 Between the hands, roll back and
forth an egg yolk. This will dry the egg
sack. 

2. With the fingers, pinch the egg
sack and allow the liquid to pour
into a vessel.

3. Add just a splash of water and beat
with a fork. The consistency should be
similar to a honey. The is the binder. 



4. On a glass palette mix 1:1 onion
pigment to binder and mull until fully
mixed. It is important that the pigment
be a very fine grade. If it seems a bit
course, grind the pigment in a mortar
and pestle before mixing with the
binder. UNLESS, the desired paint
effect is more gritty. 

5. Mull on a glass palette to be sure
the pigment and binder are well
mixed.

Tempera made from onion skin pigment

Project Development/Recipes/Lake Pigments/Tempera06
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Findings:

The creation process, can be made with sunlight (except for the
one step of heating the substance in the laking process to accept
the alum) instead of over heat reducing impact with a biomimetic
principle of using only sunlight.

Traditionally lakes were made from plants, roots and barks. Using
kitchen waste creates new opportunity for material use and
waste reduction.

If using egg shells as the calcium carbonate component, the only
component that would need further research as far as a supply
chain transparency would be the alum. The other materials are
only eggs and water. 

Paper filters can be reused to make shifu papers or a color
reference chart so there is no waste.

Glair and tempera paints have been used in illuminated
manuscripts which in some cases are still well preserved. 

Glair and Tempera paints do not have scalability since they
should really be made to be used right away. The opportunity for
more sustainable jobs would be for an artist to teach others how
to create them. 

Continued...

Meets the artists requirements of: 

affordable
easily accessible
can clean with water 
less smell than oil painting
opaqueness (tempera)

Does not meet:

less intimidating than oils
opaqueness (glair)

Although the steps in this recipe are not
complicated once practiced, it does
seem intimidating.

Project Development/Recipes/Lake Pigments/Glair/Tempera06

Takeaways

L A K E  P I G M E N T S ,  G L A I R
&  T E M P E R A
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Findings Continued:

Lake pigment making is scalable and does offer opportunities for
“green” jobs as a pigment maker, especially if making pigments
from local sources. There could be pigments makers from all over
the world making pigments with what is only local to them. 

These recipes are not vegan, nor would they work for artists who
have allergies to eggs. One vegan recipe was found in the research
but was not tested. This would be an opportunity for further study. 

The glair and tempera binders can be stored in the refrigerator for
a while (trust your nose, as Caroline Ross says). Once it smells off,
it can be put in the compost. 

The alum makes the waste from the laking process (aside from the
onion skins only) unable to go in the compost bin since it’s a
synthetic metallic salt. Following examples in research of what can
be done with pickles in composting. It’s possible that the paints, if
it’s a small amount could still go in the compost bin if diluted with
water. This still needs to be research further. 

Mayan blue is created using indigo dye powder bonded to kaolin
clay over heat. It’s a simple recipe with only 2 ingredients and heat
and no additives. It’s worth researching further if other
botanical/vegetable colorants could be bonded to clay in this way
since it would eliminate the synthetic metallic salt, alum. 

Takeaways

Project Development/Recipes/Lake Pigments/Glair/Tempera06
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E A R T H  P I G M E N T ,
W A T E R C O L O R  &

G O U A C H E
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These recipes adapted from Lucy Mayes and
Caroline Ross

Project Development/Recipes/Earth Pigments06

Materials:
A small bit of soft stone
2 jars
a sieve
coffee filters
distilled water
Mortar and pestle
glass palette and muller
palette knife
mask*

E A R T H  P I G M E N T S

1 Crush with mortar and pestle,  grind stone as much as
possible into a fine particle size. 

2. Sieve to get rid of larger bits of
stone that will not break down,
vegetable matter, or impurities.
Larger bits can go back to where they
were found. Grind pigment further if
necessary. 

3. Put in a jar and add up to half a
jar of water.
4. Shake to get into full particle
suspension. 

5. Shake, counting to 5 and pour most of the liquid into another jar
leaving the heavy material on the bottom of the first jar. The
pigment will float, suspended in the first pour of the water, while
the heavier particles will remain in the bottom of the first jar. 
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*A rock in your hand is not the same as the same rock
that you would pulverize in a mortar and pestle, and
then use to make paint. As long as you are not in a
contaminated area picking up rocks with your bare
hands is usually regarded as safe. But crushing rocks
is very different because it creates dust. You may be
harmed by fine dust in the following ways:
    1. All types of dust, including those officially
classified as "non-toxic," can harm your lungs by
obstructing the tiny air sacs in your lungs.
    2. Heavy metal-containing dusts have been linked to
cancer, blindness, severe neurological damage, and
other diseases. 

7



6. Pour the new liquid with the
pigment into a coffee filter and let
strain & dry.

Dried Pigment

Project Development/Recipes/Earth Pigments06
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W A T E R C O L O R  P A I N T

Adapted from Caroline Ross

Materials:
Bowl
Fork
Honey (locally sourced)
Powdered Gum arabic (if not powdered, it will have to be ground
with a mortar and pestle)
Distilled water
Strainer
Glass Palette & Muller 
Jar to put the binder mixture
Clove or Wintergreen oil for an antifungal - optional
Palette Knife

Creating the gum arabic and honey binder
In a jar to 1 part powdered gum arabic to 3 parts boiling water and mix
until completely dissolved. To mixture add 1/5 honey (aim is 1 part
honey to 5 part solution (or less)) and stir until completely dissolved.
The honey allows the paint to be rewettable. 
 

Project Development/Recipes/Earth Pigments/Watercolor06

1 On a glass palette mix 1:1 pigment
and gum arabic binder. 

2 Mull paint until completely blended. 
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G O U A C H E

Materials:
Same ingredients and materials as watercolor paint except
adding a white filler. Some options are:

chalk
egg shells
marble dust
limestone
commercial food grade calcium carbonate
cuttlefish bone

Project Development/Recipes/Earth Pigments/Watercolor/Gouache06

Adapted from Caroline Ross

1 On a glass palette mix:

1 part pigment
1/2 part white filler (chalk, egg
shells, marble dust, calcium
carbonate, etc)
1 1/2 part water

2. Mull paint until completely blended. 
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Findings:

The creation process, can be made with sunlight (except for the
one step of heating the water to mix the gum arabic (resin)) instead
of over heat reducing impact with a biomimetic principle of using
only sunlight.

Gum arabic has been used for centuries and is a resin from an
acacia tree found native to many counties in sub-saharan Africa and
is facing overharvesting. The harvesting of this sap is often carried
out by local families (including children) and seasonal and nomadic
workers for low pay as well. Alternatives found in research was
cherry tree gum, plum tree gum, and possible other fruiting trees.
Conifer tree sap was found to not be optimal as it does not harden
enough for the intended use in paints. 

Safety is priority. Even the most knowledgeable geologists can’t
always identify every stone by sight. Be sure to wear a mask. 

These recipes are most like water based artist mediums that artists
are already familiar with. 

Aside from dry pigments, these paints have the most stable shelf
life. 

More research needed to know for sure the end of life possibilities
due to the gum arabic resin (or other resins). It would also depend
on the pigment used and the white filler used if creating gouache.

Meets the artists requirements of: 

affordable
easily accessible
can clean with water 
less smell than oil painting
opaqueness (gouache)

Does not meet:

less intimidating than oils
opaqueness (watercolors)

Project Development/Recipes/Earth Pigments/Watercolor/Gouache06

Takeaways

E A R T H  P I G M E N T S ,
W A T E R C O L O R  &  G O U A C H E

Lara Cornell / SD-7620-20-F23- The Practice of Sustainable Design / 14.2 / 121023

26



L E A R N I N G S
Pulling together the recipes and materials needed to make
the paints myself felt daunting. Fun, but daunting. It took a
while to find the information since there really aren’t a lot
of artists who are making their own paints, and there’s
even less scientific information on any of it. When artists
did make their own paints, the knowledge was passed
down to apprentices who would mix the paints for the
artist as part of their learning. Eventually, colourmen
became the people who made the colors for the artists.
Soon there was a complete separation from artist and their
paint materials, and the information seemed to become
proprietary. 

Fortunately, between the homesteading movement and
the sustainable fashion movement there are a few niche
communities making inks, dyes and a small handful making
paints. Between these communities and some historical
texts, I was able to source enough recipes to start to give
it a try. 

I must admit, I had a lot more fun once I got started. I felt
quite intimidated at first, afraid I would mess it all up. But
once I saw that there really wasn’t any “messing it up”, it
was fun being a scientist in my art studio. I really enjoyed
going to the dye garden, choosing the flowers, making ink
out of them and making art from that ink. When posting 

Conclusion02
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pictures of the sketches I did with the ink on Instagram, I
immediately received great feedback and interest in
knowing more about the process. 

Some quick takeaways:

Making ink was easier than having to make a pigment
first before making paints. 
Inks and Pigments made with the flowers have to be
kept away from light
Anything made with flowers (inks, paints) should be
tested for lightfastness so the artist has an idea of how
it will change with light. Paint a piece of paper, cover
half of it and put it in a window. Watch to see how it
changes. 
There is an opaque and a transparent lake pigment
recipe. The one included here is the opaque recipe
since it uses egg shells. But it should be known that
there are two types of lake pigments. 
One teacher I studied with called the ink recipe
included “botanical watercolors”, another called it a
“stain”. 
This could be a really interesting global project to see
artists all over the world creating paints from materials
that are local to them. 



U N  S D G S

This project brought forth recipes for the
artist which could eliminate the reliance on
commercially available petroleum based
paints in favor of making one’s own placed
based paints. 

This process has the opportunity of putting
the power back into the artists’ hands of
making responsible choices in their supply
chain by intimately knowing every step along
the way. 

By having the artist create their own paints, it
complete rethinks the industrial extraction,
manufacturing, and paint making process and
instead favors a more place-based artisanal
process. 

When an artist knows every ingredient in their
paints (and their artwork) and they are able to
make choices such as sourcing locally,
renewably, and from responsibly managed
sources they have the opportunity to
contribute to healthy economic growth in their
own community. 

Beyond that, the artist themselves then
becomes one of those local artisan businesses
as well creating a responsibly sourced product. 

Eliminating the use of petroleum based paints
and art supplies out of the studio means
eliminating microplastic waste that ends up in
our oceans and waterways. 

These recipes are water based media that do
not contain microplastics, and would not
contribute to the 7.4 million tonnes of
microplastics leaked into the waterways each
year. 

Conclusion02
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Conclusions07

While initially frustrated, during the observation phase in
particular, that there just was no immediate replacement
for acrylic paint, the lifecycle process and flows really
brought to light the idea that maybe there shouldn’t be a
direct replacement. 

The LCA showed that there could be 100% improvement if
artists changed the way they created art all together. So it
really became not just about replacing acrylic paint, but
more about reimagining the way an artist creates. 

For too long an artist has been able to dream up anything,
walk into an art store and buy anything they could imagine
to make it work. But what if an artist designed differently.
What if they had to work with only materials they could
create? New innovations and new ideas come out of
limitations. After all, isn’t that what we are all doing here
now. It’s no longer “business as usual”. We need to look at
what nature has to offer, recognize it’s limitations and
look for creative solutions. In the end, that’s what this
project is asking the artist to do. 

Eliminating acrylic paint isn’t the end of creative freedom.
I’d argue that it’s actually the beginning (or maybe the
return?). 
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Appendix A/Lifecycle Process and Flow Diagrams/Titanium Dioxide 08
Other phases remain the same as the Acrylic Polymer Lifecycle Process and
Flow Diagram as it partners up to make paint through to End of Life
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Appendix A/Lifecycle Process and Flow Diagrams/Quinacridone Part 108
Other phases remain the same as the Acrylic Polymer Lifecycle Process and
Flow Diagram as it partners up to make paint through to End of Life



40,000 years ago, primitive artists invented the first pigments,
painting cave walls using a combination of soil, animal fat, minerals,
charcoal, and chalk. 

Into the Middle Ages and the Renaissance, artists were still mixing
their own paints in their studio. 

It wasn’t until the first industrial revolution, in 1840, that colourmen
Winsor Newton bought the first patent on metal tubes and virtually
gave rise to the Impressionist movement allowing the artist the ability
to move outside their studio to paint with portable paint that would
last much longer than before. The colourmen also allowed the artist
to focus more on the painting and less on the creation of the paints.
The colourmen became the scientists of color and the place to buy
paints instead of making them in your own studios. 

As their understanding of chemistry advanced, scientists began
trying to create synthetic colors in a lab. In 1865, just shortly after the
metal paint tubes came into circulation, 

William Henry Perkin accidentally discovered the first commercialized
synthetic dyestuff from chemicals derived from coal tar, which he called
mauveine (or aniline purple). This discovery was the basis for a whole
new chemical industry of synthetic dyes and pigments. “Before the
1800s, most dyes were organic; they came from plants, insects, or
minerals harvested from nature. But then came synthetics—dyes made
in the laboratory. For the first time, we could create colors rather than
imitate them.”

In the 1950s, when acrylic paints became popular, artists could paint
images of nature (or even protest deforestation) using paints with
binders derived from fossil fuels with synthetic pigments of all colors
imaginable also derived from fossil fuels. While the waste water from the
studio is dumped down the drain from the supposed water-soluble paint
and microplastics continue to accumulate in the ocean and are
continuing to affect ocean life and even human life on a scale that is still
trying to be understood. 

In just a short 200 years, compared to the several thousand that humans
have been painting, the advancements that have been made have
completely disconnected the artist from the natural world to the point
where they don’t know where their paints come from, nor do they know
what the actual impact of their choices are making on the health of
humans or the biosphere. 

Da Vinci’s Studio at Le Clos Lucé 1515-1519

Lara Cornell / SD-7620-20-F23- The Practice of Sustainable Design / 14.2 / 121023

Appendix B/Paint History08
3

4

5



What are lake pigments? 

A lake pigment is a pigment made by precipitating a dye with an inert binder. 

Lake pigments have a long history in decoration and the arts. Some have been produced for thousands of years and
traded over long distances.

Indigo lake was first made from woad leaves and was well-known in ancient Egypt. Woad was popularized as a
textile dye in the late Middle Ages, which resulted in overplanting and soil fatigue in many regions of Europe. The
opening of trade routes to the east resulted in the importation of indigo from India, which replaced woad and
made its cultivation unprofitable in Europe. Currently, most of the dark blue dye known as indigo, which was
formerly made from woad and Indigofera tinctoria, is synthetic. 

Rose madder lake is from the root of the madder plants. It's synthetic form is known as alizarin crimson.  Because
rose madder fades quickly in the presence of light, quinacridone pigments have largely replaced the use of rose
madder.

The cochineal insect, which is indigenous to Central and South America, was the original source of carmine lake,
also known as crimson lake.  The organic substance that gives carmine its color, carminic acid, was created in
1991.

Indigo and rose madder are now produced more cheaply from synthetic sources, although some use of natural
products persists, especially among artisans. 
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