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Project Introduction

Summary

The overall purpose of the thesis work was to find a sustainable solution to the
environmental issues that arise with the traditional diapering of children at home.
Diaper services were researched to determine in what way they work and what way
they can be improved upon. After determining the main sustainability issues with
diaper services, the focus was directed toward the cleaning process in a diaper service
in order to reduce fresh water depletion and to resolve fresh water eutrophication and
ecotoxicity. As a result, washing machine options, wastewater treatment, grey water
recycling systems and laundry detergent options are explored in detail.
One of the research findings was that the “green” laundry detergent options on the
market are not as green as they appear, as they have ingredients that are considered
hazardous to humans and/or nature.
All in all, the study shows that it is possible to create a more sustainable solution for
diapering children at home, through a sustainable diaper service model, which implements strategies that support nature and human health.
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Problem at Hand
Sustainability Issues with Disposable Diapers
+ Waste from diapers fills landfills
+ Even “biodegradable diapers” end
up in landfills and do not degrade2
+ Material of diapers such as polyacrylate
gel and dioxin pose health risks

“20 billion diapers are thrown away every
year in the United States”1.
“Polyacrylate gel has been linked to some side effects, including allergic reactions such as skin irritations,
and to toxic shock syndrome. In addition, the dyes in the diapers have been linked to damage of the central
nervous system, and disposable diapers may contain low concentrations of dioxin, a by-product of the
bleaching process used in the production of the paper pulp found in the absorbent layer. Dioxin has been
linked to liver damage and immune system suppression.”3

Sustainability Issues with Cloth Diapers
AT HOME
+ Heavy water usage in the cleaning process
+ Energy usage in the cleaning process
+ Toxins in common laundry detergent
+ Human waste management
AT DIAPER SERVICE
+ Heavy water usage in the cleaning process
+ Energy usage in the cleaning process
+ Toxins in common laundry detergent
+ Negative environmental impact from
transport of diapers

!

A “disposable nappy would result in a global warming impact of approximately 550kg of carbon dioxide
equivalents used over the two and a half years a child is typically in nappies”, while “for reusable nappies,
the baseline scenario based on average washer and drier use produced a global warming impact of
approximately 570kg of carbon dioxide equivalents.”4
“Researchers from the University of Washington studied top-selling laundry and air-freshening products
and found that they emitted dozens of different chemicals. All of them gave off at least one identified as
toxic or hazardous under federal laws!”5
Driving gas-powered vehicles contributes to global warming, because vehicles emit carbon dioxide.
Additionally, there is a negative environmental impact from the extraction, production and transport of
petroleum fuel that typically runs vehicles. The production of the vehicle itself has negative environmental
impacts as well.

A Life Cycle Analysis (LCA) performed by the Bristol UK Environment Agency showed that cloth diapers
can have a similar environmental impact as disposable diapers depending on how they are laundered.6
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Thesis Statement

Demonstrate a model of a diaper service
that reduces and/or eliminates negative
environmental impacts surrounding
disposable and cloth diapers by
implementing a closed loop cleaning and
waste water management system, utilizing
renewable energy and considering material
health of diapers and safety of laundry
detergent by applying a life cycle approach
and sustainable design strategies.
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The Stakeholders
1. Babies and Children
Babies are the direct users of the diaper. They need a diaper that keeps them dry, that is comfortable to wear and
that is made of gentle materials without toxins or irritants. Furthermore, they need a diaper service model that
makes their future better, not worse.

Key Design Drivers
+ Experience as a parent
+ Reducing negative environmental
impact of having a child

2. Parents
Parents want to lessen their impact on the environment because they are concerned for their children’s future on
planet earth. They also want an easy-to-use alternative to disposable diapers. The convenience of a local diaper
cleaning service makes cloth diapering an option for parents.
3. Communities
The community provides the location as well as the demand for the service. The community will benefit from the
project if the amount of diapers that end up in the community’s landfill will decrease. A diaper service will provide
an alternative to disposable diapering. The community also wants to keep economics local. The community will
benefit if local fresh water quality is not be compromised.
4. Planet
Sustainability practitioners should always consider the planet as a stakeholder in every project. The planet will
benefit from this, as a sustainable diaper service would use renewable energy sources for washing the diapers. By
using gentle and non-toxic laundry detergent, no harmful materials enter the planet. By creating a closed-loop
water system, the system will not be a major contributor to fresh water depletion nor fresh water contamination.
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Design Strategies

Implementation Ideas

+ Design with nature in mind

+ Apply biomimicry principles to design

+ Reduce excess greenhouse gases

+ Utilize renewable resources to run whole facility
+ Design transport system that doesn’t burn gasoline, so that it doesn’t
contribute to global warming through its CO2 emissions
+ Build bicycle transportation infrastructure
+ Build EV transportation infrastructure
+ Drying through air, sun- and line-drying instead of running commercial dryers

+ Design for ecological infrastructure

+ Design whole facility by following the principles of
ecological design and permaculture principles

+ Reduce water use

+ Use water efficient landscaping
+ Utilize rain water collection system
+ Reuse grey water
+ Design waste water treatment system that cleans and reuses
waste water

+ Design for longevity

+ Design for durability and timelessness
+ Use durable materials throughout facility

+ Avoid toxic materials

+ Using laundry detergent that is not hazardous to humans and/or nature in any way
+ Utilize existing cloth diaper design that is made from organic materials that do not
cause skin irritations or harm the user in any way
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Scope of Project
The scope of the project is to create a model of a comprehensive system
and its subsystems to explore how sustainable a diaper service might be.

Professional Goals
Working on this project will explain how to conduct research and solve
sustainability problems through creative and critical thinking, while applying
sustainability principles and frameworks. It will also show how to educate others
to make more sustainable choices in their personal and professional lives.
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Objectives

Project Objectives
A sustainable professional aims to create projects that will lead to a more
sustainable world by not causing any harm to the environment nor creating
new problems. The thesis work is intended to help future generations as it will
provide a more sustainable solution for diapering children. Fundamental
human needs will be met and resources optimized.
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Existing Diaper Service

Interview With Diaper Service*
Even though conventional diaper services aren’t adding to landfills in that they reuse
cloth diapers, an interview conducted on the phone showed that traditional diaper
services are not necessarily sustainable in the cleaning and drying process as well as
in the delivery of diapers.
First of all, the service does not utilize renewable energy sources. Even though they
did not reveal exact numbers in regards to water usage, it is safe to say that they use
a lot of water as they did portray that they have to run multiple wash cycles to clean
the soiled diapers. The waste water runs into the city sewage system and does not get
recycled nor reused. Furthermore, they use regular commercial washers and dryers,
because their appliances “do not have Energy Star ratings”.
When it comes to the transport of diapers, they use “regular delivery vans” and do
not utilize alternate methods of transport. For example, they do not use bicycles to
transport diapers nor do they use electric powered vehicles or vehicles powered by
alternative fuels to the common petroleum fuel. Since they service an area of about
8,000 square miles, it can be assumed that a lot of driving is involved to deliver
diapers. Another issue that was observed is that they use conventional laundry
detergent, which often contain substances of concern as described on page four.

Guilty of GREENWASHING
Sin of Hidden Trade-off
The interviewed person claims to run
a “green” service simply because of
the fact that the diapers are being
reused. Thereby, he does not consider
any other environmental impacts that
may play a role as to how sustainable
his service actually is.
Sin of Fibbing
Claiming that there are no Energy
Star ratings on commercial washing
appliances is a false statement, so
the interviewee is guilty of the sin
of fibbing.

* Baecker, J. 2016. Personal
Interview conducted on the
phone on October 28, 2016.
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Existing Diaper Service
Diaper

Traditional Diaper Service as a System
The diaper service system consists of the subsystems of in-home,
transportation, cleaning, and drying systems, which are run by the help of
the outside systems of fresh water, laundry detergent, waste management
treatment and electricity. The outside system of a cloth diaper is used
throughout the system.
The in-home system includes the subsystems of diapering and the diaper
storage system of the clean and soiled diapers. The transportation system
includes the subsystems of pick-up, drop-off and motorized vehicles. The
cleaning system includes the subsystems of the washer. The drying system
includes the subsystem of the dryer.
The super systems are the users of the system as well as the people who run
the diaper service.
There are interactions between all subsystems as they work together and
connect with each other frequently. There are interactions between the
subsystems and the outside systems of the laundry detergent, fresh water,
and electricity. For example, electricity is utilized for the cleaning and drying
systems as it is needed to run the appliances such as the washers and the dryers.
The boundary that bounds the system of the diaper service is the local
community, as it provides the location of the service. There are openings in the
boundary, where the laundry detergent, fresh water, diaper and electricity enter
the system and where the grey water leaves the system.
The function of the system is to provide a cloth diapering service
to a local community.
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Existing Diaper Service
Environmental Impacts of Conventional Diaper Service
Climate Change

Fresh Water Eutrophication

Fresh Water Ecotoxicity

The vehicles used in the delivery process have emissions
that not only pollute the air, but also contribute to global
warming. Namely, they emit CO2, which is a gas that traps
heat in the atmosphere, which causes a temperature increase.
That, in turn, can have effects on animal and human behavior,
can cause droughts and the sea levels to rise, for instance.
Additionally, the energy needed to run a service typically
comes off the general electric grid which is mostly generated
by plants, which emit CO2 by burning coal, gas or oil.

“Nitrogen and phosphorous compounds from municipal
wastewater ... pollute surface waters, which can lead to fresh
water eutrophication”8.

In the same way, hazardous ingredients, that may be
harmful to humans and/or nature, commonly found in
laundry detergent end up in fresh water, which may affect
the natural habitat of animals and plants in the water.

Health Damaging Substances

Fresh Water Depletion

Fossil Fuel Depletion

Various laundry detergents have shown traces of toxic
ingredients such as cancer causing toxins, which may
damage the organism they come in contact with.

A traditional diaper service uses fresh water in the cleaning
process and the service typically does not reuse the water.
That is a problem, because fresh water is a limited resource,
that also serves the purpose of drinking water.

Fossil fuels such as coal or gas are consumed in order to
generate energy, which runs the appliances used in the
cleaning and drying process. Using fossil fuels to generate
energy emits CO2 which leads to global warming. Fossil
fuels are a finite resource that are not renewable.

As shown earlier, “researchers from the
University of Washington studied top-selling
laundry and air-freshening products and found
that they emitted dozens of different chemicals.
All of them gave off at least one identified as
toxic or hazardous under federal laws!”7

CONCLUSION

The research conducted in the scope of this project suggests that traditional diaper services’
sustainability could be increased in the cleaning, drying process and in the delivery of the diapers.
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Considering Diaper Choices
Cloth Diaper Comparison Table
Cloth Diaper

gDiaper

bumGenius Elemental

Rumparooz G2

Type of Diaper

All-in-two (AI2): Hybrid

All-in-one

Pocket

Material: Cover

Outer: 92% Cotton, 8% Spandex
Liner and Snaps: Polyurethane-Coated Nylon

Outer: 100% Polyester with Polyurethane
Laminate
Tabs: 95% Polyester, 5% Spandex

Outer: 100% Polyester with Thermoplastic
Polyurethane
Inner: 1 00% Hypo-Allergenic Micro Chamois

Material: Inner/Insert

Cupplers: 55% Hemp, 45% Cotton

Inner: 1 00% Organic Cotton

6r Microfiber Soaker: 80% Polyester,
20% Polymide

Sustainability Efforts

Cradle-to-Cradle certified silver liners

Oeko-Tex Standard 100 certification*

Fair Wear Foundation (FWF) certified

Manufacturing Origin

Cover: USA
Textile component: China

Cover: USA
Inner: China

China

Price per Diaper

~ $12 a diaper

~ $22 a diaper

~ $24 a diaper

Results
Even though the gDiaper inserts have a Cradle-to-Cradle certification, which is higher
accredited than the Oeko-Tex Standard 100* and the Fair Wear Foundation certification,
gDiapers are eliminated as an option because not the whole diaper is Cradle-to-Cradle
certified, just the disposable liners are.9 Additionally, disposable liners are not reusable,
thus the service would have to restock the liners frequently. There would be a negative
environmental impact from the continuous production and the transport of the liners
from the manufacturing plant in the use phase. Rumparooz is a pocket diaper, which

CONCLUSION

has a liner that has to be inserted into a pocket inside of the diaper. Rumparooz is
FWF certified. The Fair Wear Foundation is a non-profit organization working toward
improving workplace conditions in the textile industry. According to their website,
they do not take as many factors into consideration when certifying products as the
Oeko-Text Standard 100* does. The bumGenius diaper is an all-in-one diaper, which
fits children up to 35 pounds. It is considered the easiest to use, because it doesn’t have
various parts and, thus, is functioning similarly to a disposable diaper.

Since the all-in-one diaper grows with the child, it is the better option, because children can wear it at any age.
It eliminates the need for the diaper service to carry various diaper sizes.

* “The STANDARD 100 by OEKO-TEX® is a

worldwide consistent, independent testing and
certification system for raw, semi-finished, and
finished textile products at all processing levels, as
well as accessory materials used”.10
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Cleaning System

Laundry Detergent Comparison Table
Detergent

Method

8x Laundry Detergent

Honest Co

The Honest Company Laundry Detergent

Seventh Generation

Natural Laundry Detergent,
Free & Clear

Sustainability
Certifications

Cradle to Cradle Certified - Gold
B-Corporation
CCIC Leaping Bunny Certified
PETA Animal Treatment Assessment Cruelty Free

B-Corporation
B-Corporation
PETA Animal Treatment Assessment Cruelty Free CCIC Leaping Bunny Certified
EPA Safer Choice
PETA Animal Treatment Assessment Cruelty Free
EPA Safer Choice
USDA Biopreferred

End of Life Packaging

Bottle made from #2 HDPE
50% PCR

Bottle made from #2 HDPE

Bottle made from 80% recycled plastic

Consumer Numbers

1/4 chose Method

1/4 chose Honest Diaper Company

2/4 chose Seventh Generation

Price

~ $0.2 per oz.

~ $0.2 per oz.

~ $0.1 per oz.

Results

CONCLUSION

Due to the Precautionary Principle*, none of the well-rated laundry detergents
can be used for the diaper service as at least one of their ingredients could
cause harm to humans or nature in some sort of way or form.

* “The purpose of the Precautionary Principle is to recognize the need
to anticipate risks and consequences before policies are enacted.”11
Consequently, sustainable professionals avoid products that may
be harmful to humans and or the environment.

See Next Page

The Honest Company’s detergent can be eliminated as an option, since it has the
least amount of certifications out of the three options. When the ingredients of
Method’s and Seventh Generation’s laundry detergents are explored in detail, it is
observed that Seventh Generation’s detergent includes more ingredients that can be
harmful than Method does. Even though the brand passed various certifications,
surprisingly enough, the safety data sheet of the product shows that the “product
is considered hazardous under the 2012 OSHA Hazard Communication Standard”,
because it can “cause eye irritation”12. This is mostly due to the ingredient sodium
lauryl sulfate, which is in Seventh Generation’s detergent and is not in Method’s
ingredient list. Method’s detergent includes parabens, which some consider as
hazardous, because it may be linked to breast cancer. Therefore, Method’s detergent
cannot be used either. Taking all of this into consideration, a detergent produced by
a small local company was chosen instead (See next page).

For Detergent of Choice
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Laundry Detergent of Choice
Restore The Earth Natural Products 3X Concentrated Laundry Detergent

WHY

+ Ingredient safety - see below
+ Product is “not hazardous under normal conditions of use”13
+ Manufactured in Minneapolis, MN, which is close to service location

Ingredients

Figure 1a

Alkyl Dimethylamine Oxide
Amphoteric Surfactant Blend
C9-C11 Ethoxylated Alcohol
d-Limonene
Potassium Chloride
Sodium Citrate
Soy Methyl Ester

Despite the fact that this product doesn’t
have as many certifications as the other
detergents presented on the previous page,
investigations suggested that this product is
better than the other options. Namely, The
ingredients that are listed on the left did not
come up as being hazardous or dangerous
to humans and/or nature in research. It is
important to note that d-limonene came up
as an ingredient that changes the main scent
and taste of the product. However, it is not
considered hazardous.

CONCLUSION

Based on the research above, Restore The Earth Natural Products
3x Concentrated Laundry Detergent was chosen as the brand to use.
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Cleaning System

Front- or Top-Load Washers?
When comparing washing machines, it is important to compare the method of
loading in washers; top-load or front-load.
The top-load washers cost less on average, but tend to tangle items due to the
gravitational fall of the items as they spin. Although the top-load washers are lower
in the initial cost, the water consumption and energy usage may outweigh that of a
front-loading washer over the life of the product14. The top-loading washer uses on
average “30-40 gallons of water per wash” while front-loading washers use half that
amount or less15.
After looking at the front-loading washers, the pros add up much quicker and
are far greater than those of the top-loading washers. The front-loading washing
machines may be more expensive but are more energy and water efficient. The
water efficiency is two fold. The front loading washers have more options and
features which creates a greater price tag16. The front-load washing machines use
less water in the wash cycles and spin with more repetitions per minute (RPM)
causing there to be less water left in the clothes, thus requiring less energy to dry
the clothes17. More front-loading washers have a steam setting, which was found
by consumer reports to improve stain removal and odors18.

front-load washers seem to be
the better option

top-load

front-load

Life Expectancy
Energy Efficiency
Wash Time
Water Usage
Price
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Cleaning System

Commercial Washer Options
Washing Machine

Speed Queen

Miele

Sustainability
Certifications

Huebsch

Front-load commercial washer

PW 6065 Plus EL LP

YFNE5BJP113CW01

German Sustainability Award
Germany’s Most Sustainable Big Company 201419

No

No

Supply Chain
Transparency

Yes

No

No

Load type

Front-load

Front-load

Front-load

Energy-efficient

ENERGY STAR® Certified Washer

ENERGY STAR® Certified Washer

ENERGY STAR® Certified Washer

Capacity

15 lbs

20 lbs

21.5 lbs

CONCLUSION

Three well-rated commercial washing machines were compared in this table in order to find an
appliance for the service. Based on the research above, Miele’s machine was chosen as the
one to use due to its company’s sustainability efforts.

Water Use Reduction - Best Practices
+ Use of water-efficient appliances
+ Reducing wash cycles
+ Using hot water to intensify washing process and to
reduce amount of water needed to clean diapers
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Waste Water Management
Living Machine©
“A living machine is a device made up of living organisms of all types
and usually housed within a casing or structure made of extremely
light-weight materials. [...] It is comprised of interrelated parts that
function together in the performance of some type of work”20 such
as waste water treatment. It utilizes nature’s force of the sun and
biological processes to do so.

Waste Water Management Example

Figure 2b

The Port of Portland Headquarters in Portland utilizes a Living
Machine® system for the wastewater treatment on site. All of the
wastewater that gets generated in the building, runs through the
Living Machine®, which cleans the water so it can be reused.
“This system, utilized for secondary and tertiary wastewater
treatment, is composed of six tidal flow cells and one vertical
flow cell.”21 The water that exists the machine gets used again, for
instance as toiletry water in the building.

CONCLUSION

A similar system could be used to treat and reuse the grey/waste
water that exits the washing machines in a diaper service.
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Scale of Project

How Much Rain Water Can Be Collected?

How Much Water Is Needed?

In 2016, an average of 37.96 inches of rain was collected in Saint Louis County.22 The average front-load washer uses 20 gallons of water with an average
wash cycle of 45 minutes. If one washer runs about eight times a day, the
If the roof of a building is used to collect rain water, The amount of rain water system needs about 160 gallons of water per washer a day. Since a “typical
that can be collected at a diaper service depends on the size of the roof. If the Living Machine® system recycles thousands of gallons of water a day”24, the
service is housed within a building that has a 1,000 square foot roof and the service could have at least six washers running simultaneously.
yearly amount of rainwater is about 37 inches, the service can collect about
23,051 gallons of water a year, which translates to 63 gallons a day, according
to the rainwater collection equation provided by the Texas A&M AgriLife
Extension.23 Since it needs about 1,000 gallons a day, the service will need to
start out with an initial amount of fresh water to start the system.

1,000 gallons a day to run 6 washers

CONCLUSION

If each wash cycle cleans 24
diapers, the service can wash
1,152 diapers a day

An initial amount of fresh water is required to jump start the system. Once the
equilibrium is established, rain water can be added as needed to ensure the
system has enough water at all times.
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Scale of Project

How Many People Can Be Serviced?

115

babies

Cargo Weight of Diapers

“The average baby uses at least ten diapers per day for an average of two years.”25 A fresh cloth diaper weighs about 0.2 lbs, while a soiled cloth diaper is
Therefore, a service of this scale could service at least 115 children at once.
estimated to weigh up to one pound. Since half of the cargo will be fresh
and half will be soiled, a total weight of at least 4,830 lbs needs to be
transported weekly.

How Many Diapers Are In Circulation?
Every family needs at least 10 diapers per child available a day, so they
do not run out of diapers. If the service drops off fresh diapers weekly,
the service needs to drop off 70 diapers per child. That means about 8,050
diapers could be in circulation weekly.

Cargo bicycles can transport about 660
pounds at a time. Thus one cargo bike
could transport the diapers in about 7 trips.
In addition, one electric vehicle is required
for days on which a bicycle cannot be used.

1bike
1car

8,050 diapers weekly
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Whole System Description
User

Sustainable Diaper Service as a System
The diaper service system consists of the subsystems of in-home, transportation, cleaning, rainwater collection, waste management and drying system,
which are run by the help of the outside systems of the rainwater, laundry
detergent, wind and sun.

The boundary that bounds the system of the diaper service is the local
community, as it provides the location of the service. Nature bounds the
system, as the system heavily depends on the environment in order to function
properly. There are openings in the boundary, where the laundry detergent, the
rainwater and the sun enter the system.
The function of the system is to provide a sustainable cloth diapering service to
a local community.

Cloth Wipes

In-Home
Diapering
Diaper
Storage

The super systems are the users of the system, the cloth diaper, cloth wipes, as
well as the people (actors) who run the diaper service.
There are interactions between all subsystems as they work together and
connect with each other frequently. For instance, the water that is used in the
cleaning system also enters through the waste management system as it gets
filtered through the Living Machine©. There are also interactions between the
subsystems and the outside systems of the laundry detergent, rainwater, and
sun. For example, the power of the sun is utilized for the waste management,
transportation, the cleaning as well as the drying system.
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The in-home system is where the diapering takes place.
The user, the diaper and the cloth wipes frequently
cross the boundary for the diapering to happen. The
diaper storage system consists of the wet bags for soiled
diapers as well as the crates, in which the bags are
transported in. The bags and crates actually leave the
in-home system, as they get transported to the facility.

The transportation system overlaps with the diaper
storage system, when the bags within the crates
get transported back and forth, from the facility to
the user and vice versa. The diaper and cloth wipes
overlap with the boundary in the diagram, because
they frequently circulate around all subsystems
within the whole system. With the help of the sun, the
electric vehicle and bicycle are operated within the
transportation system. This subsystem is where the
pick-up and drop-off takes place.

The drying system takes place within a greenhouse
setting, in which the diapers and cloth wipes are linedried. Dehumidifiers with filters capture excess water
that can be reused within the cleaning system. The
appliances are run by solar power. Additionally, orchids
will be grown in the room, as they have been found to
“absorb moisture from humid air via aerial roots.”26
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Rainwater Collection System

Waste Management System

Cleaning System

The rainwater collection system consists of the roof,
gutters and a cistern, which holds the collected water.
Rainwater enters the subsystem and runs from the roof,
through the gutters into the cistern.

The waste management system consists of the Living
Machine© system, which includes various tanks full
of micro-organisms and plants, which filter the grey/
waste water that exits the washing machine. The sun
enters the system as it plays an important role in the
water treatment process.

The cleaning system includes six front-load washing
machines. The diaper and the cloth wipes frequently
enter and exit the subsystem. The actor also works
within the system to run the washing process. The
outside system of the laundry detergent is used
throughout the subsystem. Sun enters the subsystem
as a power source that runs the washers.
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The Subsystems
Living Machine©
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organis

Grey Water

Soap

Dirt

Tank
Plants

er

Rocks

Micro-ms
organis

Waste Water

Feces

contain
Rocks

Fish

Micro-ms
organis

Non-potable
Water

Plants Marsh
Micro-ms
organis

©JanaBaecker 2017

Rainwater

Rainwater Collection System

The Living Machine© follows a cellular set up, as the cells connect to each other in a
bead formation. The grey, waste water and rainwater runs through four different ecosystems, which follow three important steps: primary production and food chain building,
consumption, and water transformation and purification. The dirty water runs into the first
tank, where rocks, bacteria, animals, and plants filter the water. It then runs into the second
tank, where the process repeats itself. In the third tank, fish such as goldfish filter the water
even more. The water then runs through a marsh system, where it gets purified.

Living Machine©

grey water

©JanaBaecker 2017
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Elements of the Living Machine

Clean Water

Marsh
Aerated Reactors

Aerated Reactors

Biofilter

Step One

Step Two

Primary Production & Food
Chain Building

Consumption
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Step Three
Water Transformation
& Purification

Rocks

Bacteria

Plants

Animals

“Igneous, sedimentary and
metamorphic rocks”27 in the cells
of the Living Machine© provide the
mineral diversity base that is needed for
ecological processes to take place.

Bacteria are the biggest contributor to
the Living Machine’s© process, as they
feed on the waste particles in the water.

The plants in the tanks provide
a space for bacteria to live as the
“root zones are superb microsites for bacterial communities.”28
They speed up the process through
photosynthesis. Each tank has a
“wide variety of wet tolerant tree and
emergent aquatic and semi-aquatic
plants”29 such as papyrus or tarul.

Hundreds to thousands of different
species live within the Living Machine©.
They form their own eco-system within
each tank or cell of the Living Machine©.
For instance, fish, zooplankton, worms,
snails, and fungi live in the cells of the
Living Machine© and help the waste
water cleaning process. Snails, for
example, eat the sludge which forms on
the walls of the tank. When the snails
die, their remains turn into food for
bacteria in the cell.

Additional Notes
An UV filter can be added at the end to intensify purification if needed. Each
step can be expanded upon by adding more tanks as needed.
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Life Cycle of The Service
Car Parts
Bike Parts
Misc. Matter
Wood
Cotton
Plants
Animals

CO2

Incineration & Disposal

Extraction of
Raw Materials

Composting

Build Phase

Recovery

End of Life Phase
Animals
Steel
Aluminum
Plastic
Washers
Car Parts
Bike Parts

Reuse & Recycling

Recycling Materials

Design & Production

Reuse

Water
Diaper

Use Phase

Packaging & Distribution
CO2

Sun
Rainwater

CONCLUSION

Use & Maintenance

Fresh Water

Electricity
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When the whole life cycle of the diaper service is studied, it becomes clear that
there are still negative environmental impacts in the build phase of the service,
since the appliances, materials, and structures used within the service need

Gasoline

Oil
Coal
Iron
Wood
Carbon
Natural Gas
Ore Bauxite
Cotton
Plants
Animals
CO2

This diagram considers all materials
found in the building structures,
appliances, vehicles, bicycles, and
diapers used in the service.

to be produced. Once they are in use, the negative impacts are less when
compared to a conventional diaper service. The end of life phase can be both
positive and negative, depending on how the elements are disposed of.
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Process

Baby is diapered

Soiled diapers are collected

Soiled diapers are picked up

Transport of soiled diapers

Diapers are washed

Diapers are line-dried

Transport of clean diapers

Clean diapers are delivered

Water gets cleaned by running through Living Machine

Rainwater gets collected on the roof
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Actors Map

Todd S.
Diaper Handler

Baby P.
User

Toddler P.
User

Peter B.
Diaper Transporter

Kelly C.
Facility Supervisor

Sarah P.
User

Observation
This map shows the connections and mutual
relations between the actors in the system. There
are interactions between the users and the service
actors. There are openings in the system boundary,
so that these interactions can take place. The user
can interact with the service actors effectively
and excessively. For example, the user interacts
with the diaper delivery person quite frequently.
Interactions can also be missing. For instance, the
baby as the user might not interact with certain
actors of the service.

Nature
Facilitator
Energy Source

Bob S.
Service Manager
Effective
Excessive
Missing
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Target Audience

Sarah is a mother of two young children under the age of three,
who she wants to cloth-diaper. She likes the idea of cloth diapering
her children, because her children have very sensitive skin and she
hasn’t found a disposable diaper yet that doesn’t give them a rash.
By switching to cloth, she also hopes that potty training will be easy
for her children, because she heard that cloth-diapered kids tend to
potty train sooner. Moreover, she is excited that she will never have to
worry about buying diapers again, because she can rely on the service
to drop off fresh diapers. Most importantly, she likes that she doesn’t
have to worry about washing the soiled diapers herself. Especially
because she is a working mother that wants to spend every minute
outside of work with her kids and not doing laundry.
When it comes to the environment, Sarah is trying to be very
conscious about her decisions in order to keep her environmental
footprint low. She knows the sustainability issues that surround
disposable diapers and she is hoping to make a positive difference by
going with a sustainable diaper service.

Sarah P.
Age 32
Nurse
©JanaBaecker 2017
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Patterns & Shapes
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User

User
User
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Washroom
User

Rain water
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Water storage

service runs locally

User

Local: N
 ot exceeding
city limits

Living Machine
Facility

Branching Pattern

Stacking Pattern

Circle

Branching patterns are found in nature quite often.
For instance, they can be observed in the structure
of a leaf. “The veins in a leaf transport converted
sunlight energy into food throughout the plant.”30

A stacking pattern can be applied to the system
in order to optimize material usage and eliminate
wasted space. This can be achieved by designing
the facility to be compact in a single building.
Furthermore, it will help to optimize resources
such as the solar power required to run the facility.

The shape of the circle can be applied to the system
to symbolize the system’s boundary. Namely, the
circle can define the area of service in order to keep
the service local.

A branching pattern can be applied to the
transportation system of the sustainable diaper
service. Namely, the diapers should be delivered with
“linear movements that show direct intention.”31 In
that way, the delivery can be done efficiently with the
least amount of resources required.

In nature, stacking patterns are found in various settings.
One example is the hexagonal structure of a beehive.

In nature, the shape of the circle “symbolizes wholeness,
connectivity, independence, and/or movement”32, which
are all things a service desires to contain.

This page depicts how nature’s patterns and shapes
can be applied to the system.
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Natural Application
Figure 7f

Figure 4

c

Figure 5d

Oriental Hornet

Sunflower Emergent Model

The oriental hornet harvests solar energy through its
photovoltaic pigments. “The yellow pigments of an
oriental hornet’s cuticle generate electrical energy by
absorbing ultraviolet radiation from the sun.”33 The
energy that is harvested is either used for flight or for
temperature regulation.

The sunflower emergent model34 shows
a spiraling pattern that emerges from the
center outward. This model is a model
the service aspires to achieve. Namely, the
service is going to set an example as a new
sustainable model and through that it hopes
to potentially inspire others to follow in its
path in being more sustainable. Therefore,
it aspires to create a spiraling pattern of
sustainability in society with them being in
the center, as the place where it all started.
They can do so by staying true to their
design principles they set in place.

The oriental hornet is a social insect. Thus, this relates
to the service, since there are a lot of social interactions
between the actors and the users of the service.
Similarly to the hornet’s use of solar power for flight,
the electric bicycles and cars used for transportation
will only run on solar power. One could even install
a solar panel right on top of the bucket of the bicycle.

Figure 6e
This page depicts how nature’s innovative structures
and models can be applied to the system.
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The Facility - Mock-up

Washroom

Living Machine©
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Undergrou
nd Cistern

Living Machine© in a Green House Setting

Living systems function best in warm climates, but it can also function
inside a building in colder climates. Since the plants need sunlight to sustain,
a greenhouse design is best for a building structure to house the Living Machine.

This diagram depicts the closed-loop system. It does not
consider other subsystems. It is a mock-up and not to scale.
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Benefits

+ NO Water Eutrophication
No compounds from waste and grey water will enter
surface waters, because the water stays within the system.

+ MINIMAL Fresh Water Depletion
Apart from the initial amount of fresh water needed to jump start the system,
the system will primarily utilize rainwater and reuse the water within the system.

+N
 O Fresh Water Ecotoxicity
No hazardous ingredients from commonly used laundry detergent
will end up in fresh water, since the waste water stays within the system.

CONCLUSION

Taking all of this into consideration, the new service
model is more sustainable than the generic diaper service.

+ LESS Health Damaging Substances
The laundry detergent used in the system does not show any traces of toxic
ingredients. The ingredients of the laundry detergent have not been identified
as health damaging substances (as of April 2017).

+ LESS Fossil Fuel Depletion
Even though fossil fuels such as coal or gas are consumed in the production
process of the washers and tanks of the Living Machine et. al., the process
of the service itself will not cause fossil fuel depletion.

+ LESS Climate Change
No electricity usage within the service will come off the general electric grid.
However, the electricity needed to produce the appliances used in the service may
come off of the general electric grid. The vehicles used in the service do not emit
CO2 and are charged by solar power and, thus, do not contribute to global warming
(apart from the production process of the vehicle, which does contribute).
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Conclusion

How This Could Be Applied Elsewhere

As the problem statement depicts, the sustainability issues that come with the
diapering of children at home are extensive. Even the “green” option of cloth
diapering is not as “green” as it may appear, regardless of it taking place at
home or at a service. Therefore, it is crucial to implement strategies to improve
the ecological footprint from diapering. Parents are a great leverage point for
sustainability, because they can teach their children about sustainability and
therefore have a direct impact on the future of the human species.

Even though the ideas described in this thesis project are
about a diaper service, certain aspects can be applied to
other services or scenarios. For instance, at home, people
could use a grey water recycling system to wash cloth
diapers and they can line dry the diapers instead of running
a dryer. Additionally, home owners can install solar panels
to generate the electricity needed.

This thesis project shows that a traditional diaper service could improve their
ecological footprint by incorporating the ideas described in this thesis. A lot of
factors play a part in a diaper service and each one has to be evaluated and redesigned to follow a better sustainable path. Using a closed-loop water system
within the cleaning system and the wastewater management system is one step
toward a greener diaper service model. Another step is to utilize solar power in
order to generate the energy needed to run the service, including the cleaning,
transport and drying system. Additionally, choosing detergents and cloth
diapers without health-damaging substances ensures social sustainability.

In more general terms, the grey water and waste water
management techniques can be used for any type of
building, including apartment buildings, office spaces,
businesses and more. Installing a Living Machine onsite
will greatly reduce the ecological footprint of the buildings.
Municipal waste water treatment facilities have the
possibility to implement Living Machine© systems
into their waste water treatment processes.
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Opportunities for Future Research
For the purpose of this thesis, the focus was directed
toward the issues surrounding water usage in a traditional
diaper system. Other issues that come with a traditional
diaper service such as energy usage, emissions from
transportation, the drying process, material health of
cloth diapers or packaging materials could be explored in
further research. Additionally, the location of the service in
support of the surrounding community and environment
has to be taken into consideration.

Additional Resources
This thesis work could be expanded on, not only by
studying the subsystems mentioned above, but also by
doing a detailed life cycle assessment of the whole system
in order to gather data. Learn more at www.openlca.org.
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Lifecycle of the Cloth Diaper

Production

Use Phase

End of Life

Material Extraction
Transport
Material Processing

Transport

Transport

Wearing
Transport

Transport

Maintenance

Component Manufacturing

+ Recycling outer cases
+ Composting inner materials
(100% Organic Cotton)
+ Recycling buttons

Transport
Assembly & Packaging
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Water
Electricity

Laundry
Detergent

Electricity
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Use Phase of the Cloth Diaper
Use
Wearing

Maintenance
Washing
Rain

Excreta
Fecal Matter

Urine

Diaper

Water

Baby

Laundry
Detergent

Diaper
Washer

Parents
Solarpowered Car

Electricity
Sun
Electricity

Sun
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Packaging Options
Structure Options
+ Crate
+ Tub
+ Bucket
+ Box
+ Pail

Box

+ Packaging must withstand transport
+ Should be carried easily - cutout handles
+ Needs to be stackable
+ Needs to withstand moisture

Bag

2 Bags

+ Keep out moisture
+ Keep out scent
+ Keep out dirt and bacteria for sanitary reasons
+ Needs to be washable
+ Needs to close tightly

One for clean diapers and
one for dirty diapers.

Cross Product Inspiration - Bags

Cross Product Inspiration - Box
Sleeping Bags
The bags that hold the
sleeping bags keep out
moisture and protect the
sleeping bags from the
outside.

Figure 8. Jana Baecker, Sleeping Bags, 2016g

STRUCTURE

Diaper Transport Packaging Needs

Coffee Container
The coffee containers
have indentations in
the structure for easier
carrying purposes. They
also stack easily.
Figure 9. Jana Baecker, Coffee Container, 2016g
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Packaging Options
Cardboard

Is out of the question,
because it would not
withstand moisture.

Box Material Options

PHB - Polyhydroxybutyrate

Advantages of PLA

Advantages of PHB

The material is a renewable plastic that is durable and
withstands moisture. “It can be made from a variety of
plants, including residuals, making it possible with further
development to make this bioplastic from agricultural
waste rather than competing with food crops for land and
other resources.”35

Disadvantages of PLA

The material may not be recyclable everywhere, so it could
potentially end up in landfills. Furthermore “some additives
can make plastic toxic.”36

Manufacturer: NatureWorks, Blair, Nebraska, USA

Folded Carton Structure
would be a light-weight, yet
durable transport structure.

The material is a bioplastic, which is biodegradable. It is a
relatively light material, which will keep the environmental
impact from transport low. It is water proof, which will keep
the diapers protected from moisture. They are “primarily
made from renewable resources.”37

Disadvantages of PHB

Only certain facilities will be able to compost the material
properly. Similarly to PLA, “some additives can make
plastics toxic.”38

Manufacturer: Biomer, Germany

Plastic Crate

would be a light-weight, yet durable transport
structure and it is also easily carried and stacked.
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In Home System Explorations
Bag Material Options

Returnity - 100% Recyclable Polyester

Advantages of PUL

Advantages of Returnity

The material is water proof, which will protect the clean
diaper from moisture. It is also “free from metals, phthalates
and latex.”39 It will also help in keeping the scent from exiting
the bag, when the bag is filled with dirty diaper casing or
liners. The material is light-weight, which makes for easy
transport from the facility to the home of the user and vice
versa. The material is washable.

The material is recyclable and the “Returnity fabrics reduce
CO2 impact by 73%, waste management by 100% and water
usage by 95% compared to cotton.”41 The material is water
proof and sturdy, which will protect the clean diaper from
moisture. It will also help in keeping the scent from exiting
the bag, when the bag is filled with dirty diaper casing or
liners. The material is light-weight, which makes for easy
transport from the facility to the home of the user. The
material is washable.

Disadvantages of PUL
The material is only “generally recognized as safe”40, which
does not prove that it is safe. The material is not recyclable
everywhere, which means it could end up in landfills.

Manufacturer: Nature’s Fabrics

Material

Disadvantages of Returnity
The material is currently produced in the Netherlands, which
would increase the negative environmental impact from
transport of the material to the facility in the United States.
Only certain recycling centers may accept the bags, so the
material could potentially end up in a landfill.

Manufacturer: DutchWearness

Is often used for cloth diapers
and cloth diaper bags.
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Location Explorations

DULUTH, MINNESOTA

WHY Duluth
No Competition

Sustainability Matters to Citizens of Duluth

There is no diaper service in the area at the moment and considering that “more
than 1,000 of babies are born in the city of Duluth each year”42, one can draw the
conclusion that there is a demand for such a service in the area.

Citizens of Duluth care about the environment. Namely, the city of Duluth has
set goals to reduce its environmental impact. Moreover, there is a non-profit
organization called Sustainable Twin Ports, which provides consultation services
to companies and businesses to help them become more sustainable on a
larger scale. The University of Minnesota Duluth also offers a variety of classes
surrounding the topic of sustainability and there is a student organization that
focuses on reducing the greenhouse gas emissions and the carbon footprint of the
whole campus.

Close Proximity to Sustainable Professional
The sustainable professional working on this project is located in the area.
Familiarity with the location will help to successfully and efficiently design a local
diaper service for the area. Furthermore, the professional could use their network
of contacts from the area to potentially advertise the service.

Designed to Sustain Various Climates
Designing a service that is located in the Midwest is ideal, because the Midwest
experiences extreme temperature changes. If the new system functions in such
conditions, it can function in many places around the globe.

Facility Location Requirements
+ Ground has to be suitable for Living Machine©
+ Close to residential areas
+ Close to the service area
+ Flat landscape, as it makes for easier construction
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Renewable Energy System Explorations

Solar Power

Wind Power

Advantages of Solar Power

Advantages of Wind Power

Solar power is not only a renewable energy source, it is also a reliable energy
source, because the UV radiation needed is available even during a cloudy
day. Using solar panels to generate electricity is also a cost-effective choice.
Even though it is not cheap to install solar panels, over time a business in
Minnesota can save about $20,000 by switching to solar power.43

Wind power is a renewable energy source. Since Duluth is located at the
shores of Lake Superior, it tends to be a very windy city, which is an ideal
location to operate wind turbines.

Disadvantages of Wind Power
The wind turbines are very big. Therefore, it is questionable if a local diaper
service facility will have the space to host them. When the wind turbines are
operating, they generate noise, which could disturb the environment surrounding the wind turbines, may that be residential or natural. Since wind
does not necessarily occur every day, electricity cannot be generated at all
times of the day.

Solar Power Appears To Be The Better Option
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Transportation System Explorations
Bicycle Transport Option

Vehicle Transport Options

Cargo Bikes

Solar Powered Vehicle

Advantages

Advantages

The company sells bicycles that come with a big transport box attached to the
bike frame, in which items can be transported. This will enable the service to
deliver and pick up diapers by pure man power without contributing to greenhouse gas emissions.

The vehicle is powered by solar energy, which means running the vehicle will
not contribute to greenhouse gas emissions.

Disadvantages

In addition to the solar panels, an anaerobic digester could be used to produce
methane, which can be turned into biogas that fuels delivery vans.

The company that manufactures the bicycles is located in Copenhagen,
Denmark, which is far away from the service. However, they do have retailers
located in the United States that sell the bicycles. Additionally, the designer can
work with the company to get the bicycles delivered via freight ships to keep
the environmental impact from the transport low. Bicycles can be used in the
warmer months of the year only, because the area tends to have cold and snowy
winters. They can also only be used in the flat areas of the city, since parts of the
city stretch over a hill.

A Combination of Both Will
Be Used In The Service.
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Cleaning System

Alternatives to Laundry Detergent

Washing Diaper Casings In A Lot of Water
The properties of water make it a “universal solvent”44, meaning it has the power
to wash the diapers by themselves, without the need of laundry detergent.

UV Light for Sanitation
UV light has the power to kill germs and bacteria on a given surface.

If water is used in a closed-loop system, using
a lot of water is not an issue.

Baking Soda & Vinegar
Regular household baking soda and white vinegar can be used for cleaning
diapers as well. While vinegar acts like a fabric softener, the baking soda removes
stains and odor. Both have to be used sparingly, though, as they can affect the
material of the cloth diaper.
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