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CONCEPT

By researching and using both biodegradable and recycled
materials in furniture design, the objective would be to leave a
smaller carbon footprint based on components used to produce
each material, travel time of materials to the manufacturer to the
consumer, manufacturing process, and form of energy used for

manufacturing.

Additionally, these elements will be included in offered courses
to the public, in hopes of raising awareness for sustainable

practices within furniture design.



Transitioning to Biodegradable and Sustainable Materials in
Furniture Manufacturing
Leila Curtiss

Drexel University
Fall 2021



Introduction
Throughout the last century, mass production in furniture manufacturing has become the
norm. This started with the Industrial Revolution over two-hundred years ago and has continu-
ously increased. The materials used in this process have become predominantly manmade
and synthetic, shifting away from elements that can be gathered from nature. This literature
review will explore material use in the manufacture of furniture, and how it can be done more
sustainably through reducing waste and using organic materials. The review takes into
account both scholarly research and contemporary vendors and suppliers of green materials.
The goal of the review, and my thesis, is to increase awareness of the harm of synthetic materi-
als and waste, while providing a more sustainable alternative to minimize the carbon footprint.

Issues with the Production and Consumption of Synthetic Materials
Over the last two hundred fifty years consumer demand has increased greatly and manufac-
turing has expanded its use of synthetic materials (Hounshell, 1997). Utilization of plastic, for
example, became popular during World War Il at which time a variety of plastic materials, such
as nylon and Plexiglas, were used to create cheaper military equipment that could be pro-
duced rapidly and in large quantities for the United States army (Gonzalez, 2018). After years
of war time rationing, consumers were ready to spend money. Leading to the post World War
Il economic boom (Hounshell, 1997). Much of the money they spent was on new products,
predominantly made of plastics. Since the 1960s, many people around the world have had
concerns about plastics and other synthetic materials, even so, this has not stopped or slowed
down production of these materials (Obermeyer, 2021).
As we have come to learn, one major downside to synthetic materials is that they have a limit-
ed useful life and they do not reenter the manufacturing process easily. This has led to a huge
issue: consumer waste. Landfills, recycling facilities, and oceans are overflowing with non-bio-
degradable materials and debris from humans (Environmental, 2021). Despite this, it is drilled
into the consumers mind that more is more and more is still not enough (Barbaritano et al,
2021). I will turn now to discuss materials in the current furniture manufacturing process (Envi-
ronmental, 2021).



Current Materials Used in Furniture Manufacturing and the Harm of Synthetic Materi-
als to the Earth and Human Health

In this section | will briefly review a number of the most commonly used materials in in furni-
ture manufacturing, discussing the problems with each as they have shifted toward the use of
synthetics.

Wood

While wood itself is an organic material, many contemporary manufacturing process introduce
synthetic ingredients into the process. Many cheaply made pieces of furniture use wood
veneers to cover MDF (medium density fiberboard) or particle board. Both of these options are
made of left-over woodchips from hardwoods being cut down to size (Gul, 2019). Using this
leftover material is a positive in terms of sustainability; however, in creating both MDF and par-
ticle board, large amounts of greenhouse gases are released (Wang et al, 2018). Additionally,
the majority of products that use MDF and particle board are being shipped overseas from
China and other Asian countries. Not only are these materials emitting greenhouse gases in
the manufacturing process, but also releasing emissions while being shipped to stores and
consumers (Wilson, 2008). Another large problem is that countries are not keeping track of
who is buying and using their woods. This leads to illegal trade of protected species which
could be stopped with proper oversight (Hub, 2021).

Plastic

Plastics, today, are used for everything from adhesives and furniture finish to medical and mili-
tary equipment. Plastic was first developed in 1869 by John Wesley Hyatt, who was trying to
create a substitution for ivory. It was then produced because manufacturers wanted a material
that was strong, lightweight, “pliable and easily shaped." (History, 2019). Plastics have been
advertised as an alternative to save elephants and tortoises, confusing consumers into believ-
ing plastic would, “protect the natural world from the destructive forces of human need.” (Histo-
ry, 2019). Subsequently people have become more concerned and critical of the use of plastics.
However, while these concerns are still considered, businesses around the world still use plas-
tic in their products and packaging. In fact, about 50% of people are either allergic or sensitive
to epoxy resin, specifically when handling it during the manufacturing process (Akarslana,
2015). Using plastic in furniture manufacturing is largely unsustainable unless there is a clear
and easy process for recycling (History, 2019).



Foams used in Upholstery

The most commonly used foam for furniture is a petroleum-based foam. Historically,
petroleum foam could contain any number of potentially toxic chemicals. “For example, diiso-
cyanates can irritate the®mouth, nose, and eyes, and TDI in particular may belcarcinogenic”
(Is Memory, 2021). Many companies have claimed to be moving away from using such harmful
chemicals and ingredients, yet choose not to "divulge the exact ingredients they use to make
their memory foam,’ claiming these blends are a trade secret. (Is Memory, 2021). These chemi-
cals also contribute to off-gassing. When unboxing a new mattress, the foam will release a cer-
tain odor. The odor that is inhaled by the consumer is the release of all the chemicals used

during the manufacturing process (Foam, 2009).

Adhesives

Glues and adhesives have been used for over 6,000 years, however, most of the technology of
adhesives has been developed during the last 100 years (Frihart, 2015). Up until the Industrial
Revolution, natural glues were used around the world. A technical breakthrough, cellulose
nitrate, a thermoplastic derived from the cellulose of wood, resulted in new and stronger adhe-
sives (Pyne, 2016). Further development of plastics and elastomers has led to the evolution
and a diversification of adhesives. Glues can be created for different needs such as flexibility,
toughness, curing or setting times, temperature, and chemical and water resistance (Autono-
pedia, 2021). Synthetic adhesives can be placed into two categories: reactive and non-reactive.,
Reactive adhesives include ingredients like epoxies, urethanes, and cyanoacrylates, which
harden through a chemical reaction through a combination of two elements, or exposure to
heat and/or air. Non-reactive adhesives can be solvent-based which harden as the solvent
evaporates, including white glue, contact adhesive, and rubber cement; or polymer dispersion
adhesives, which are polyvinyl acetates and most commonly used in the woodworking and
packaging industries (The History of, 2021). Technical advancement continues to expand the
use of synthetic adhesives; however, these products are largely unsustainable.



Metal

The sustainability of metal is complex and has both positive and negative aspects. It takes a
large amount of resources to extract natural metals from the Earth, and is starting with but not
limited to the mining process. Processing metals for use in furniture also has a large impact on
resource use, emissions, and waste generation. Looking specifically at steel, this material
requires a large amount of energy to create, but has a small amount of waste in production
because scraps can be put back into the production line (Raabe, 2019). While steel is not nec-
essarily sustainable by certain definitions, its durability and lengthy lifecycle show its benefits,
Once steel is made it will virtually last forever because it can be continuously recycled with no
downgrade in quality. Conversely, the fact remains that energy used to produce and/or recycle
it, is typically coal and fossil fuels (Explainer, 2018). While changes in production could lower
resource consumption and the emissions of producing metal, there is no current process that
would make it fully sustainable (Raabe, 2019).

Textiles

The textile industry is one of the most water consuming, chemicals-consuming and ener-
gy-consuming industries. From fabric and garment production to dying, all aspects of textile
creation are extremely wasteful. Additionally, the chemicals used to manufacture textiles are
detrimental to human health, especially those working in the factories and breathing in toxins
all day. These chemicals can be acquired through the skin, bronchially, or through digestion.
They can also be carcinogenic, mutagenic, and allergenic (Akarslana, 2015). Additionally, it is
commonly believed that if a textile is made with a natural material, it is good for the Earth.
However, this is not always the case. An example of this is cotton, which is a staple in the fash-
lon and textile industry. Although cotton is a naturally occurring material, to grow it in the
quantities that we require, take large amounts of water and chemicals. This becomes harmful
to the Earth, as well as the people coming into close contact during the farming and harvest-
ing phases (What are, 2021).



Sustainable and Biodegradable Alternatives

Wood

There are a variety of green alternatives for synthetic materials in furniture manufacturing. This
section will discuss the more sustainable ways to source, manufacture, and create a fully recy-
clable wood product (Hub, 2021). However, “There is very little literature available yet," (Gold-
hahn, 2021) so it is difficult to fully grasp every aspect of the matter.
Wood, in general, is one of the most sustainable materials available. Using native locally
sourced hardwoods is the most sustainable way to create furniture (Sustainable, 2017). How-
ever, unless we slow down consumption, no matter what materials are used, we are using
more than the Earth can naturally supply and replenish. A good way to be sustainable, in terms
of wood, is to use the scraps, leftovers, or recycled pieces. While these elements are currently
used to produce particle board, the downside to this was explained previously. However, these
parts could be used in other ways, or if a less harmful production process is discovered to pro-
duce particle board. To address issues with transportation and distribution, it is important for
wood species to stay in their native land to reduce the carbon footprint created from shipping,
as well as reducing the harm caused by invasive species (Goldhahn, 2021)

Plastic

While plastic is extremely harmful to the Earth, it does make products more affordable and

diverse, and a valuable place in our lives. Scientists are exploring bio-plastics which are made

from plant-based ingredients making them biodegradable, as opposed to plastic made from

petroleum which is estimated to take four-hundred fifty years to begin breaking down (History,
2019)



Foams used in Upholstery

There are many alternatives to standard plastic-based foams for upholstered furniture. These
include options such as feather and down, coconut fiber, organic wool, and cotton, natural
latex, and horse hair (Avinc, 2020). However, these are all stuffing, which will not give the
same shape as foam does. Foam continues to bounce back to shape, whereas stuffing gets
matted after some time, leaving your cushion flat and hard. These organic options are better
suited for pillows as opposed to seat cushions. One alternative to plastic foams is a natural
latex foam. It holds the same shape without being made with several harmful chemicals and
adding more plastic to the Earth (Marchant, 1972). Natural latex is safely harvested from
rubber trees and the tree does not need to be cut down to harvest this material, as it is pro-
duced from the tree’s sap, also called milk. A rubber tree will be tapped, the sap from the
rubber tree will be collected and then taken to a facility and baked at a high temperature to
become a solid, dense foam (Parker, 2011). Latex foam is naturally resistant to mold and is
100% biodegradable (Foam, 2009). It is a viable option to replace plastic based foams and
has a much more sustainable harvesting and manufacturing procedure, without releasing
harmful chemicals in the process.

Adhesives

Glues have been used by civilizations for thousands of years, and there are organic potions
that could be reconsidered. Egyptians, Romans, and Greeks used animal and fish glues, and
later developed adhesives using ingredients such as: egg whites' blood, bones, hide, milk,
cheese, vegetables, grains, tar, and beeswax. (GLUES, 2011). Glues fell into disuse for about a
thousand years, only beginning use again for furniture and cabinetry in about 1500 A.D.
Some of the greatest makers such as, Chippendale and Duncan Phyfe who are still recog-
nized today, used organic adhesives in their work. In 1700, the first commercial glue factory
was started in Holland, manufacturing glue from the hides of animals. In 1750, England
issued the first glue patent for a fish glue (Autonopedia, 2021).



Metal

Metals are not biodegradable, which leads some to believe that it is not sustainable. However,
this is not necessarily the case, being that metal is a renewable material because it has a "vir-
tually unlimited lifespan and the potential for unlimited recyclability” (Norgate, 2002). An
important detail is that metal extraction should be stopped and manufacturers should focus
solely on recycling what metal is already available to us (Gleich, 2007). Much less energy is
used to recycle metal versus new metal production. There is not one metal that is significantly
better than another, it is more a matter of where it is sourced from and the energy used to recy-
cle it. Some metals that are regularly used in furniture design are steel, copper, nickel, and zinc.
Along with recycled metals, there are also unlimited option when looking at restoration. Using
restored elements, such as hardware, can greatly decrease a designer’s carbon footprint by
lowering production for these materials (Gleich, 2007). “The challenge that lies ahead is to
devise policies and actions that will help society to optimize the efficient use of metal resourc-
es and stocks while at the same time minimizing their environmental impacts." (Norgate,
2002),

Textiles

An alternative to standard cotton would be using organic cotton which has a substantially
reduced effect on the Earth, but it is important to ensure that it is GOTS-certified. Additionally,
finding ways to incorporate recycled cotton into fabric could reduce the amount of harvested
cotton annually (Sustainable Fabrics, 2021). Another alternative is organic hemp textiles. This
material has been used for hundreds of years, and can be grown around the world due to its
adaptability and versatility, being that it demands little water, no pesticides, it naturally fertilizes
the soil it grows in, and it does not require a particular climate to grow. Hemp fabrics are
breathable for warmer months but also insulate in the winter, it also becomes softer the more
it is washed, making it one of the most sustainable fabrics available (What are, 2021). Organic
linen holds many similar properties to hemp fabrics and is another positive option (Sustainable
Fabrics, 2021). Interestingly, synthetic fibers can also be considered sustainable. An example of
this is Tencel. This material is made by dissolving wood pulp and while it requires certain
chemicals to produce, this process is a closed-loop system, meaning the chemicals are reused
for the next batch. While Tencel and some other synthetic textiles are man-made, they are pro-
duced from naturally occurring materials and manufactured in more sustainable ways (What
are, 2021).



Conclusion

Since the beginning of civilization, humans have been makers. Thousands of years ago,

humans created what they needed with natural materials by hand, but now mass production

uses synthetic, manmade materials for all manufacturing possibilities. This has added drasti-

cally to the waste on Earth, creating unhealthy habitats for all living things. Continuing the use

of synthetic materials will worsen an already damaged planet, so it is crucial that designers

and manufacturers consider what materials they are using in their products. Shifting to organic
and biodegradable materials is a necessary step to reduce environmental damage.



Company: PP Mobler
Company Elements:

Pros: Small scale mass production
Multi-material
Locally sourced woods
Sustainable finishes
Uses scrap wood to heat building

Cons: Ships worldwide
Unsure of sourcing locations
Distance to / from source




Company. Bok Building
Company Elements:

Pros: Rental space for designers
Restored building
Partnerships
Building amenities

Cons: Central in city (difficult for deliveries)
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Interview Questions:

Do you use furniture on a daily basis?
Yes

Do you find it important to have a fully furnished home?
Yes

Hypothetical situation: If you are moving into a new apartment

with nothing, would you choose option 1 or 2?7 Option 1: you live in

an empty apartment until you can buy good quality furniture one

piece at a time Option 2: you furnish the entire apartment from
lkea (or another cheap brand)

| would buy the essentials, a bed, mattress, table and chair from

cheap brand but | wouldn't get any unnecessary things until |
could invest in a nicer piece

What piece of furniture in your house do you use the most?
Bed

What aspects of a bed are most important to you?
Natural looking, wood, sturdy



What about a piece of furniture makes you want to buy it/ display in
your home?
Intricate woodwork, engravings, wood tones need to match

When you buy a piece of furniture, do you pay attention to where
it was made?

Yes, generally buys American made or French antique. nothing
from east Asia

Why do you choose not to buy Asian furniture?
They don't dry the wood properly so the furniture doesn't last long

Does manufacturing location sway your decision to purchase?
Yes (ex. China, other cheap places)

If you were presented with 2 seemingly identical dining tables,
one made in China for $40 vs one made in the US for $200, which
would you buy?

Depending on quality, but most likely the US table because every-
one knows things manufactured in China are meant to be throw
away pieces. I'd rather invest in a table that will last

What functional qualities are important to you in a piece of furni-
ture?

Drawers need to open and close smoothly, | don't like wasted
space



If you had unlimited money, would you spend it on an unusable
piece that it purely decorative?

Maybe if | really loved it, but | would rather not waste money on
something that | can't even use

What material do you prefer your furniture to be? A variety of
materials? All matching?
Wood

For upholstery, what do you prefer in your home? Do you care
about plastic-based fabrics?
Leather, cotton, any other naturally biodegradable fabrics

Would you put metal pieces in your home? Do you care what
kind of metal it is?
If It is made well and matches my aesthetic. | don't know a ton
about metals so | don't necessarily pay attention to that when
buying furniture

How do you feel about refurbished pieces? or refurbished ele-
ments on a piece such as hardware?
| love antiques, so refurbished is not a problem for me. I've
gotten a lot of pieces for the house from Olde Good Things An-
tique Store NYC



Design Experience:;

Have a showroom display furniture from many centuries (antiques

should be refurbished and in good condition to look “new”). High end

pieces from today as well as cheap pieces from China/ lkea. Do not

display when it was made or where it is from etc. Have staff standing

around showroom for people to ask questions (more likely that people
will ask if there is someone right there to speak to).

Invite a variety of people to view the display. Observe which pieces

people gravitate towards. See who asks questions about the piece. As

people leave, they will be given an anonymous questionnaire to fill

out, not knowing ahead of time. Giving some feedback on favorite
piece, style, etc. and why.

Would people offer to buy a piece without knowing anything about it
ahead of time?

What is the main factor when people buy furniture? Or opt for a
cheaper option?
s it money?
A lack of caring (environment, what is in their home, materials)?
Style preference?

Do people flock to one particular piece or style? Or does everyone
have different taste?



MATERIALS

All American made products or recycled products.
Biodegradable

Locally sourced woods

Large discontinued fabric samples
Bio-plastic

Foam and stuffing

Natural latex foam

Wool, cotton, coconut fiber stuffing
Metal
Steel or recycled

Hide or fish glue

Beeswax or soap finish

WHITE:ASH

POPLAR FR MAFLE



Abigall Vare School
1619 E Moyamensing, Philadelphia, PA 19148

Transportation:

~12 blocks from
broad street line

~2 blocks from 1-95
~Bus Lines: 7,29, 57
~Uber / Lyft: $20
~Bike: 25 minutes

~Walk: 1 hour 20
minutes




1903: Built
Three stories, basement, outdoor space

1986: Added to the National Register of Historic Places

2013: Vare School moved into the Washington School's
building in 2013

2014: Sold to real estate developer
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PARKING OFF MOUNTAIN STREET FOR STUDENTS
AND CUSTOMERS
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WOOD SHOP
LOADING/DELIVERY
EQUIPMENT
MATERIAL ROOM
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MECHANICAL CLOSET
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