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NOTE TO READER
To help you navigate through this book, please refer to appendix near end of book to reference
sources, findings, and else. It is designed to follow according to each chapter of the book
respectively.
Throughout the book there are other, “Notes to Reader”, to help you navigate that section or
area of the book.
The link to find the video produced for material making and testing you can find
here (also referenced in other sections of the book): https://www.youtube.com/
watch?v=emMUaVrlBp8&t=24s
Please follow this link to my website with
supporting documents for various sections of the book: https://www.sarahdevries.co/ets5
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01. INTRODUCTION

RESEARCH QUESTION
To help alleviate environmental and economic stresses, how can a low-rise
self-build construction, that is both adaptable and maintainable, be created
by utilizing fibrous digestate from anaerobic digestors, specifically using
animal and food waste?

Through testing fibrous digestate by mixing with various binding agents,
how can a suitable material application can be developed to be constructed
and produced, in a localized systematic way within the UK?
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Image taken at Holden Dairy Farm of the storage area for manure during winter months.

01. INTRODUCTION
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01. INTRODUCTION

VISION STATEMENT
Setting out to help alleviate environmental and economic stresses by the continued development of a self-build
and low-rise construction, that is both adaptable and maintainable, through the utilization of digestate from
anaerobic digestors, specifically using cow manure/slurry & food waste, in a localized systematic way within the
UK market.
Buildings are constructed from materials that are produced and transported from all over the world, adding to the
global carbon dioxide emissions. By using resources, such as digestate, from local farms and AD plants, materials
can be distributed by using a much lower carbon footprint than many other materials used today.
Focusing to encourage intensive dairy and cattle farmers with proper waste disposal to help remedy the struggle
and lack of support in this area which has proven grave consequences environmentally. Proper disposal of waste
at an anaerobic digestion plant, turns waste into biogas fuel to help generate electricity for neighbouring bodies.
Since there is such a mass supply and demand for the disposal of manure, it allows the creation of building
products to be highly affordable for all budgets of low-rise building projects. Furthermore, due to the local
systematic strategies set in place of the materials, it significantly reduces the amount of transportation needed
and therefore cutting the greenhouse gas emissions by drastic measures.
This project strives to find answers, through failures and successes, in order to fully understand the best possible
material application and system of utilizing digestate, so that someday it can become one solution.

MISSION STATEMENT
This project aims to achieve these three main objectives:

Objective 1: Inspire the reduction of extracting raw materials from the earth to produce building
materials, by creating a local systematic approach to developing building materials, that are both
easily adaptable and maintainable for low-rise construction.
Objective 2: Promote proper disposal of animal and food waste to show how it can be
transformed from a waste to a powerful alternative building material while generating a
renewable source of energy.
Objective 3: Encourage local communities that it’s possible to self-build their own businesses
and homes within a reasonable and healthy budget by empowering them with a self-build system
and sustainable material that works long term.
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01. INTRODUCTION

Image taken at Holden Dairy Farm of manure and slurry storage to be transfered to biogas storage tank.
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01. INTRODUCTION

Image taken at Holden Dairy Farm of curious cows. Note scraper on ground to push manure and slurry between stalls to the storage tank outside, which is photographed in previous page.

EXECUTIVE SUMMARY
This book consists of five main parts. The first being the introduction of what I am
trying to achieve and test through this project, while stressing the urgency of why I
am pushing boundaries for this project to be realized.
First urgency being the extensive amount of extraction of construction minerals that
occur in the UK alone and how that needs to be mitigated. By substituting millions
of tonnes of extracted material with digestate from anaerobic digestion to create
bricks, structural blocks and adobe construction, it can help decrease the amount of
construction minerals needed in binding the digestate with substances such as clay,
lime, sand, aggregates, etc.
The second urgency being the extensive amount of dairy cow manure on a global
and national scale, due to the fact that it causes much environmental destruction
and aids to greenhouse gas emissions. Understanding the scale of how much the UK
alone is dealing with is broken down diagrammatically to stress the crisis at hand.
The proper disposal of manure to be put back on the land to keep soils rich and alive
is highly important. However, simultaneously the excess amount of manure, which
there is no shortage of, can be used as an extremely low embodied and economical
building material.
The second part of the book explains how this volume of manure and digestate can
be seen as part of a national strategy. Pin pointing which anaerobic digestion sites
would be best suitable for digestate supply for material production.
The third part of the book explains how manure has been used in a vernacular sense
since the Neolithic Era, while explaining how beneficial it is as an adobe material
especially in hot climates. This part of the book then dives into two case studies that
are more specific to the material being tested, digestate. Finishing off the chapter
with theoretical analysis of how digestate could be used through material studies.
The fourth part of the book explains how the digestate was located, transported
and tested with varying binding agents. This process took intense organization and
planning. The testing occurred over the course of a week up in small town called
Weobley, at Studio Morrison. These tests were then transported to the Architectural
Association weeks after they were strong enough to be shipped in time for testing
various qualities of each material created.
The final chapter of the book explores how this material could be applied in 3 ways,
as a brick, structural block, and rammed earth construction. Through case studies,
research, and material testing, it allowed for many conclusions to be drawn, both
theoretically and practically. These theoretical and practical conclusions informed
suitable and probable applications for these developing material products, with the
goal that someday they can help alleviate the environmental and economic stresses
we face today.
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01. URGENCY PART 1

URGENCY
PART 1: Extraction and Depletion of Construction

“Future supply of aggregate in England is depleting and
is at risk. Geological availability in protected areas are on
tight restrictions.”
Quote Source: https://www.bgs.ac.uk/mineralsuk/planning/construction.html
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01. URGENCY PART 1: EXTRACTION

URGENT OBJECTIVE 1
Inspire the reduction of extracting raw materials from the earth to produce building
materials, by creating a local systematic approach to developing building materials,
that are both easily adaptable and maintainable for low-rise construction.
Within the UK, 175.9 million tonnes of construction minerals are extracted annually.
Construction minerals are used to describe all minerals used by the construction
industry. The largest component of construction minerals and the most voluminous
materials extracted from the UK landmass are aggregates. The two main types of
natural aggregate are crushed rock (limestone, igneous rock and sandstone) and
sand and gravel.
Future supply of aggregate in England is depleting and is at risk. Geological
availability in protected areas are on tight restrictions. Due to these depleting natural
resources, it is our responsibility to look toward investing in alternative materials.
Not only is cow manure a major global crisis, it is a crisis within the UK, but it doesn’t
have to be. If cow manure can be utilized for its energy and then one step further as
a building material, it could have a significantly positive impact on the environment,
leading us to our next objective.

Image Source; https://museum.wales/slate/story-of-slate/
Facts in text sourced from: https://www.bgs.ac.uk/mineralsuk/statistics/ukStatistics.html
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01. URGENCY PART 1: EXTRACTION

“Annually, 175.9 million tonnes
(83.8%) of construction minerals are
extracted in UK alone.
Including, 21.4 million tonnes (10.2%)
of industrial minerals,
11.6 million tonnes (5.5%) of coal,
1.1 million tonnes (0.5%) of oil and gas,
and 89.7 million tonnes marine–
dredged sand and gravel.”

Image Source: https://en.wikipedia.org/wiki/Lime_(material)
Text Source: https://www.bgs.ac.uk/mineralsuk/statistics/ukStatistics.html
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01. URGENCY PART 1: EXTRACTION

URGENT OBJECTIVE 1: Conclusion
In order to inspire the reduction of extracting raw materials from the earth to produce building materials, more
research and inventions need to made readily available on the market to provide a local systematic approach to
developing building materials, that are both easily adaptable and maintainable for low-rise construction.
Future supply of aggregate is depleting and is at risk. Geological availability should all be on tight restrictions. Due
to these depleting natural resources, it is our responsibility to look toward investing in alternative materials. The
extensive amount of extraction of construction minerals that occur in the UK alone needs to be mitigated.
By substituting millions of tonnes of extracted material with digestate from anaerobic digestion to create bricks,
structural blocks and adobe construction, it can help decrease the amount of construction minerals needed in
binding the digestate with substances such as clay, lime, sand, aggregates, etc. Not only is cow manure a major
global crisis, it is a crisis within the UK, but it doesn’t have to be. If cow manure can be utilized for its energy and
then one step further as a building material, it could have a significantly positive impact on the environment,
leading us to our next objective.

Image Source: https://www.aditnow.co.uk/Photo/Penrhyn-Quarry-General-View_84446/

The term ‘construction minerals’ is used to describe all minerals used by the construction industry. The largest
component of construction minerals and the most voluminous materials extracted from the UK landmass are
‘aggregates’.
The two principal types of natural aggregate are crushed rock (limestone, igneous rock and sandstone) and
sand and gravel. Other minerals used in the construction industry are clay, chalk, limestone, dolomite, brick clay,
gypsum, slate and building stone.
Fact in text sourced from: https://www.bgs.ac.uk/mineralsuk/statistics/ukStatistics.html
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01. URGENCY PART 2

URGENCY
PART 2: Excess Amount of Cow Manure

W H AT ’ S T H E H A R M ?
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01. URGENCY PART 2: MANURE VOLUME

URGENT OBJECTIVE 2
Promote proper disposal of animal and food waste to show how it can be transformed from a waste to a powerful
alternative building material while generating a renewable source of energy.
To understand why there is a crisis for the proper disposal of cow manure, one needs to understand the mass
volume of excess cow manure that has created this crisis. By 2030, the world will be generating approximately 5
billion tonnes of manure from livestock each year. In the Netherlands, nearly 80% of farms are already producing
more cow dung than they can legally use as fertilizer. In China, there are drastic measures in place to try and
reduce the amount of manure being discharged into rivers which has become a major environmental and health
challenge.
Since most the world’s farming systems are highly intensive operations, this produces very concentrated streams
of waste. Unless this waste is dealt with quickly, it pollutes the air with large amounts of harmful gases such as
ammonia, nitrous oxide and hydrogen sulfide. Inhalation of these toxic fumes in large quantities can be lethal and
cause great risk of asthma, respiratory irritation, immune suppression, and even mood disorders.
One solution to help with the proper disposal of cow manure, governing bodies have set in place subsidies and
incentives for farmers to invest in anaerobic digestion. Simply explained, anaerobic digestion extracts methane
from cow manure/slurry or other waste products, to produce biogas fuel, a renewable source of electricity
(explained in greater detail in following chapter). What’s leftover from this process is a material called digestate.
Liquid digestate can be used as a highly nutritious fertilizer. However, solid digestate, the main material in our
products, can be used as a sustainable building material – a highly untapped material in today’s market that has
great potential.

Sketch visualization of cows located on a global scale.
A3 - Pencil and Iron Oxide on paper.
Facts from text sourced from: https://www.nationalgeographic.com/environment/global-warming/methane/
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Zitouni in ‘What is Waste’, speaks of the potential power waste could
have, especially as a creative tool by posing the question, “What
happens when waste becomes desirable again? Giving waste the power
to be brought back from its original transgression offers a possibility
of alternative patterning. It has power because it disturbed an order in
nature. It forces us to confront what connection it has to a former life
but gives it the potential for creating something new.”

What do we view as waste?
Waste can potentially be an extremely creative material. Finding
innovative ways to reuse ancient building materials in today’s era opens
the door to new possibilities.

01. URGENCY PART 2: MANURE VOLUME
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01. URGENCY PART 2: MANURE VOLUME

Effects of Methane
Methane is a potent greenhouse gas—about 28 times more powerful than carbon dioxide at warming the Earth, on a
100-year timescale, and more than 80 times more powerful over 20 years. Since the Industrial Revolution, methane
concentrations in the atmosphere have more than doubled, and about 20 percent of the warming the planet has
experienced can be attributed to the gas.
There’s not that much methane in the atmosphere—about 1,800 parts per billion, about as much as two cups of
water inside a swimming pool. That’s about 200 times less concentrated in the atmosphere than carbon dioxide, the
most abundant and dangerous of the greenhouse gases. But methane’s chemical shape is remarkably effective at
trapping heat, which means that adding just a little more methane to the atmosphere can have big impacts on how
much, and how quickly, the planet warms.
Methane is a simple gas, a single carbon atom with four arms of hydrogen atoms. Its time in the atmosphere is
relatively fleeting compared to other greenhouse gases like CO2—any given methane molecule, once it’s spewed
into the atmosphere, lasts about a decade before it’s cycled out. That’s a blip compared to the centuries that a
CO2 molecule can last floating above the surface of the planet. But there are many sources of methane, so the
atmospheric load is constantly being regenerated—or increased.
Today, about 60 percent of the methane in the atmosphere comes from sources scientists think of as human
caused, while the rest comes from sources that existed before humans started influencing the carbon cycle in
dramatic ways.
Cows and other grazing animals get a lot of attention for their methane-producing belches and releases. Such
grazers host microbes in their stomachs, gut-filling hitchhikers that help them break down and absorb the nutrients
from tough grasses. Those microbes produce methane as their waste, which wafts out of both ends of cows. The
manure that cattle and other grazers produce is also a site for microbes to do their business, producing even more
methane. There are 1.4 billion cattle in the world, and that number is growing as demand for beef and dairy increases;
together with other grazing animals, they contribute about 40 percent of the annual methane budget.

Image taken at Holden Dairy Farm in Tregaron, Wales of manure pile storage
Facts from text sourced from: https://www.nationalgeographic.com/environment/global-warming/methane/
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01. URGENCY PART 2: MANURE VOLUME

Dairy Cow Farms
Waste Management
Small Dairy Farms

HOLDEN DAIRY FARM: INTERVIEWING FARMERS
After learning that the UK’s dairy, poultry and pig farms were responsible for 424
incidents of serious pollution related to waste disposal between 2010 and 2016, I
took a trip to Wales to visit Patrick Holden, the founder of the Sustainable Food Trust,
to understand why this occurs and if it’s actually true. I also wanted to understand
how a small dairy farm deals with their manure & slurry disposal compared to a large
intensive dairy farm.
The entirety of the livestock sector was discussed with Patrick (see appendix for
livestock analysis diagram). He explained that smaller farms such as his own should
be able to handle the manure produced from the cows. He explained that incidents
occur when people bend the law and spread the manure on the land at incorrect
times throughout the year, sometimes this can also be due to new farms with little
experience and knowledge about their farms.
Patrick believes that intensive farming should be eradicated completely and blames
our industrial world for these types of farms ever starting up in the first place. While
he makes a great argument for such bold statements, I would argue that it’s how
we view the intensive farms and understand how the system can change to help
support smaller farms that are being whipped out by large industrial farming. Low
tech strategies need to be set in place to help smaller farms take advantage of
technologies such as anaerobic digestion, as the scale they are constructed in the
UK is too expensive. Patrick suggests bringing technology developed in Germany but
remains highly skeptical this will ever happen.
Patrick stressed the importance that a lot of conversations need to happen between
consumers and their farmers to understand how to eat seasonally and locally, as well
as to understand how the animals are vital in keeping the soils of the earth healthy.
He explained that farmers are fed up with receiving so much blame for climate
change, and people need to realize how much farmers actually do a great deal to
help reduce carbon emissions.

spread self produced manure and slurry on
their own land

if there is any excess manure its given to
neighbouring farms usually for free

slurry tanks are occasionally installed for
storage purposes, rarely for extracting
biogas fuel due to regulations and cost

Large Dairy Farms

spread self produced manure and slurry on
their own land and neighbouring

often excess manure and slurry is stored in
anaerobic digestors to produce biogas fuel,
depending on size of operation it could
support the farm as well as neighbouring
town or village.

digestate produced from anaerobic digestion
serves as a great bio-fertilizer for either their
own land or neighbouring

digestate produced is proposed to partially
be supplied for material production

binding agents for the material product
would be shipped to farm for construction to
build stock of materials

Patrick Holden, founder of Sustainable Food Trust, giving me a tour around his beautiful diary and cheese farm.

architects, builders, contractors alike can be
supplied with available stock from their local
farm or AD plant

This diagram breaks down how small and large dairy farms currently deal with their manure and slurry in a simplistic sense..
The orange dashed outline represents this projects proposal on the potential use of digestate..
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01. URGENCY PART 2: MANURE VOLUME

Despite extensive Environmental Agency regulations,
the UK’s dairy, poultry and pig farms were responsible
for 424 incidents of serious pollution related to waste
disposal between 2010 and 2016.
With the UK’s cows already producing 36m tonnes in
waste every year – enough to fill the Shard 78 times
over – and many dairy farmers feeling the pinch from
tumbling milk prices, safely disposing of these mounds
of toxic mess is a serious and expensive conundrum.

Image taken at Holden Dairy Farm of their manure storage pile during winter months.
Facts from text sourced from: https://www.theguardian.com/news/2019/mar/25/animal-waste-excrement-four-billion-tonnes-dung-poo-faecebook
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01. VISUALIZING THE CRISIS

“ With the UK’s cows already producing 36m
tonnes in waste every year – enough to fill
The Shard 78 times over. ”
Quote from: https://www.theguardian.com/news/2019/mar/25/animal-waste-excrement-four-billion-tonnes-dung-poo-faecebook

VISUALIZING
THE CRISIS
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01. VISUALIZING THE CRISIS

Due to the million tonnes of manure and slurry
produced annually, it makes it exceptionally difficult
to understand how this looks on a human scale.
This section of the book is to help visualize firstly, how
much manure a single dairy cow can produce in a year,
then secondly, how much all the dairy cows in the UK
can produce annually.
It is important to note that these numbers are averages
and are specific to the UK. Understanding how this
works on a global scale varies drastically on the size and
density of the countries and their strategies set in place
for handling manure.
The volumes calculated are applied to a farm case
study, Metcalfe Farm, to understand the cost behind
storing manure and how investing in anaerobic digestion
can help cover these costs of storage and operation.
It is important to note that through the case study of
the farm, these numbers could vary quite drastically
depending on the farm and the number of dairy cows
they have, as well as the amount of land they have for
spreading the manure.

Image of a dairy cow at Patrick Holden’s farm in Wales.
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01. VISUALIZING THE CRISIS

MANURE VOLUME OF 1 DAIRY COW
If we can visualize the amount of manure that is produced each day by one
cow, it allows us to understand better the extreme crisis that is occurring.
But also the immense opportunity to utilize such a surplus resource.

YEAR
45.675m3
3.573m
x
3.573m
x
3.573m

MONTH

Calculations made for volume of manure produced by a single dairy cow.

WEEK
DAY
0.125m3
0.5m
x
0.5m
x
0.5m

0.875m3
0.956m
x
0.956m
x
0.956m

3.75m3
1.554m
x
1.554m
x
1.554m

0.5 m

1m
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01. VISUALIZING THE CRISIS

If one dairy cow can produce a volume of
45.675m3 manure yearly, how can this
be visualized for the entire industry within
the UK?
How are government officials helping
farmers deal with their waste disposal?
Could anaerobic digestion be the
answer?

Image of a gateway where manure and slurry is pushed into manure storage room at Holden Dairy Farms.
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01. VISUALIZING THE CRISIS

GLOBAL DEALINGS: WHAT TO DO WITH ALL THE POO?
In 2006, the UN published a landmark report, titled Livestock’s Long Shadow, highlighting the serious
environmental and health problems posed by the growing amounts of animal waste, and calling for urgent action.
However, little progress is being made.
China has attempted to lead the way, announcing strict regulations for the disposal of livestock waste in 2015,
emphasizing the need for farmers to recycle manure as a replacement for synthetic fertilizers. However, despite
the threat of severe fines, critics still question whether these laws will prove effective.
There remains a dire need for new policies, initiatives and conferences to discuss how to deal with the impending
problem on a large scale.
There is a massive policy gap around the world on how to safely manage animal waste, despite all the risks it
presents. It’s a huge missing piece, and it’s been overlooked for so long.
In the US, there’s very little regulation at all on how to deal with animal waste. That’s the same around the world.
There’s no systematic approach to the safe management and reuse of this waste. This begs the question if
anaerobic digestion could be one solution.
Facts in text sourced from: http://www.fao.org/3/a-a0701e.pdf

Collage of Articles Targeting Dairy Farms Manure Crisis
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01. VISUALIZING THE CRISIS

YEARLY MANURE VOLUME OF ALL DAIRY COWS IN UK

434.67m
Calculations made for manure and slurry volume of all dairy cows in the UK.

Calculations made for digestate volume of animal and food waste in the UK.

131.04m
x
131.04m
x
131.04m

434.67m
THE SHARD
310m

434.67m
x
434.67m
x
434.67m

Digestate from animal and food waste for one year

10 20 40 meters

Total manure volume of all UK’s dairy cows for one year

32,850,000 tonnes of dairy cow manure & slurry per year in UK
873,249 tonnes of digestate from animal & food waste per year in UK (refer to maps in chapter 2)

“ With the UK’s cows already
producing 36m tonnes in waste
every year – enough to fill
The Shard 78 times over. ”

Digestate from animal and food waste for one year
Total manure volume of all UK’s dairy cows for one year

131.04m

131.04m
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01. VISUALIZING THE CRISIS

If all the dairy cows in the UK produce,
32,850,000 tonnes of manure and
slurry every year, and 873,249 tonnes of
digestate from animal and food waste,
how does the average farmer fit into this
scenario?
How do farmers deal with storing their
manure? How can investing in anaerobic
digestion help them financially and
avoid having to pay the fees of manure
disposal ?

Image of dairy cow from Holden Dairy Farm in Wales eating slurry off the floor instead of feeding bed.
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Article headline taken from: https://www.mirror.co.uk/news/uk-news/dairy-farmer-makes-more-money-7789017

01. VISUALIZING THE CRISIS

Article headline taken from: https://www.mirror.co.uk/news/uk-news/dairy-farmer-makes-more-money-7789017
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01. VISUALIZING THE CRISIS

METCALFE FARM STUDY
Metcalfe Farm: Storage Cost Analysis

Storage Capacity Analysis

Excerpts taken from article above explaining how fines work for manure
removal within the Netherlands. These numbers are applied to calculations.

Calculations of how much storage space Metcalfe Farm needs to hold manure for 4 months at a time.
Storage capacity numbers taken from: https://www.gov.uk/guidance/storing-silage-slurry-and-agricultural-fuel-oil

Metcalfe Farm hosts 900 dairy cows and each on average produces 50kg of
manure daily, which equates to 45,000 kg of dung a day. According to the
Environmental Agency, if you operate with less than 4 months’ capacity, the
Environment Agency may refuse your proposal or ask you to prove that it’s
sufficient and to explain the steps you’ve taken to protect the environment.
Therefore, Metcalfe Farm needs approximately 24x24x24 meter box
equivalent of storage space, whether that is through AD tanks or silos to
abide by the regulations set in place.

Calculations of how fast the AD tank fills up to understand how much more storage space is needed to avoid fines.

To summarize, if Metcalfe farm is to benefit from anaerobic digestion they would need to be
able to refill their anaerobic digestion tanks approximately 4 times every 4 months, meaning
they need the proper storage to hold the digestate until it can be properly spread back onto the
fields as a bio-fertilizer.
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01. VISUALIZING THE CRISIS

If a majority of farmers are struggling to find proper storage for manure and slurry, how is the investment in
anaerobic digestion helping farmers economically at a national scale?
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CHAPTER SUMMARY
By targeting the suitable farms that have the ability to invest in anaerobic digestion, and farms struggling to
handle their waste could help begin developing a strategy to help substitute millions of tonnes of extracted
material with digestate from anaerobic digestion to create bricks, structural blocks and adobe construction. This
strategy can help decrease the amount of construction minerals needed in binding the digestate with substances
such as clay, lime, sand, aggregates, etc. Explored in the following chapters.
Understanding the scale of how much the UK alone is dealing with its manure and slurry crisis, helps us visualize it
on a human scale, allowing us to take a step back and connect with this issue on another level. The proper disposal
of manure to be put back on the land to keep soils rich and alive is highly important. However, simultaneously
the excess amount of manure, which there is no shortage of, can be used as an extremely low embodied and
economical building material.
If a majority of farmers are struggling to find proper storage for manure and slurry, how is the investment in
anaerobic digestion affecting farmers both positively and negatively at a national scale? The following chapter will
explore how this topic can be explored and analyzed through attempting a national strategy development.

02

N AT I O N A L
S T R AT E G Y
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02. NATIONAL STRATEGY

Part 2: National Strategy
Spreading & Transport of Manure
Location & Population of Dairy Cow
Farms
What is Anaerobic Digestion?
What is Digestate?
Context Mapping:
Anaerobic Digestion Plants using
Animal & Food Waste
Speculation on Volume of Waste:
Differences between Varying
Operations and Farms
Anaerobic Digestion Plant Site Visit:
GP Biotec
Interview with Bridget
Chapter Summary

This chapter explores a series of analytical mappings created to understand how dairy farms and anaerobic
digestion plants overlap and connect.
Firstly, the maps representing the developing research done of where all the dairy farms are located within the
UK. Secondly, the maps are narrowing down to where the anaerobic digestion plants are located that use cow
manure/slurry along other waste products. Third, the maps are overlaying the dairy farms with the anaerobic
digestion plants to understand the proximities between them.
It’s important to note, each anaerobic digestion plant operates slightly differently than the other. Some have
manure/slurry along with other waste products transported to them, others use the waste from the farm on-site,
and they either supply electricity to their own facilities or have enough infrastructure and units to supply to both
themselves and surrounding towns. This creates a very complex process of elimination to find the best site to find
material supply from.
The site highlighted is GP Biotec located in Wales. A visit was arranged with GP Biotec to conduct field research for
further understanding of anaerobic digestion operations. After much discussion and organization, a shipment of
10 tonnes of digestate was able to be transported 30 minutes drive to Studio Morrison where material testing was
undertaken in the following weeks.

...Narrowing in on the UK
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SPREADING AND REMOVAL TRANSPORT OF MANURE
This map is representing the developing research done of where all the dairy farms are located within the UK.
Many smaller farms are able to handle the manure that they produce by putting it all back on the land they own.
However, for intensive farming, the extensive volume of manure they have to handle is nearly impossible.
The sketch on the follow page is a speculation on how dairy farms have to spread their manure in strategic ways
on the land and if done improperly it can cause spillage into the water systems. This sketch is also speculating
how the farms would transport their manure to other farmlands for handling.
With the hundreds of incidents that occur with improper manure disposal it causes a lot of stress on the
environment and those living around the farms susceptible to these incidents. Even though there are many
regulations set in place to help prevent these accidents from occurring, sometimes it’s near impossible to avoid
due to rapid and unpredictable weather changes within the UK. Farmers try their best to ensure manure is spread
during specific times of the year while watching the weather predictions like hawks, but unfortunately sometimes
it can be unavoidable that these mistakes happen.
The following pages will discuss why anaerobic digestion became an incentive by government officials throughout
Europe because of this massive issue.

Sketch visualization of dairy farms located in England and speculation of how manure and slurry is transported throughout the country.
A4 - Ink and Iron Oxide on paper.
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LOCATION & POPULATION OF DAIRY COW FARMS
The map on the adjacent page represents where all the dairy cow farms are located throughout the UK. Behind the
map there is a list of all the names of these farms to put emphasis on the fact that these aren’t just numbers, it is
people’s livelihood and identity.
Due to the fact that there are so many cows, not just in the UK but globally, by 2030, world’s total fecal output is
likely to contain 100m tonnes of phosphorus, 30m tonnes of potassium, and 18m tonnes of calcium. These are all
valuable minerals which if tapped, could be recycled back into the global agriculture system.
Instead of focusing on the harsh realities that manure has on the environment due to methane and ammonia
emissions. Simultaneously, waste emissions such as methane can be converted into electricity through biogas
generators. Methane is a very versatile fuel as it can generate electrical power, domestic and industrial heating,
and even in transport. In the coming years there’s going to be increased pressure and concern about climate
change on a global scale, to control methane emissions from animal waste and make greater use of it.
Waste could also be seen as a valuable asset, though whether it can be exploited by the majority of farmers
remains to be seen. A systemic approach to safe management of this waste is needed.
The maps in the following pages in the chapter explore a strategy and process of elimination on how this waste
can be targeted as the suitable point of contact for material supply.
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What is anaerobic digestion?
What are the different kinds of digestate?
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COW
MANURE/SLURRY

WHAT IS ANAEROBIC DIGESTION?
During site visit at an anaerobic digestion plant at GP Biotec in Wales, the process was explained to a great extent
of how the operation works (explained later in chapter). Anaerobic digestion is the process by which organic
material is broken down by micro-organisms in the absence of oxygen to produce methane, carbon dioxide and
water.

PURPOSE
GROWN CROPS

FEEDER

The process is commonly used in the treatment of wastewater. Over the last five years an increasing number
of anaerobic digestion plants have been built in the UK to generate clean renewable energy. Simultaneously, this
process diverts waste from landfill and converting it into an excellent biofertiliser product.

MACERATOR
BIOGAS FERMENTER

WHAT IS DIGESTATE?
There are three different kinds of digestate, whole, liquid and fibrous. Depending on the facilities that the farm
or the anaerobic digestion plant has could determine which kind of system is most suitable. Larger farms would
benefit greatly from having both whole and liquid digestate, whereas smaller farms would most likely only need
liquid digestate. This is because of the volume of manure the farm is trying to handle and how much profit or
savings they would make from extracting biogas fuel for electricity.

HEAT RECYCLED
TO FERMENTER

To produce whole digestate an entire different facility and equipment is required to separate the liquid from the
solid contents. To produce the fibrous digestate is one step further than solid, where it goes through an entire
drying system to remove as much moisture as possible. This type of digestate usually only occurs at very large
farms with the most acreage to feed their land to enrich the soil. Simply explained, these are the three different
kinds of digestate:

BIOGAS GOES TO:

OR

BIOGAS GOES TO:

Whole Digestate: similar in appearance to livestock slurry, with typically less than 5% dry matter.
Liquid Digestate: this is whole digestate which has had almost all of the solid material removed.

COMBINED HEAT AND POWER UNIT

BIOMETHANE UPGRADING PLANT

DIGESTATE SEPARATED TO:

BUILDING
MATERIALS

Fibrous Digestate: similar to compost, this is the solid material separated out of the whole digestate.

HEAT SUPPLY

ELECTRICITY SUPPLY

CPG FOR VEHICLES

NATURAL GAS SUBSTITUTE
FOR COOKING AND HEATING

FIBROUS AND LIQUID DIGESTATE

Diagram of anaerobic digestion process. It is important to note that not every anaerobic digestion process operates or looks the same. This is a simple diagram that shows all the key elements.
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GP BIOTEC: SITE VISIT
FIBROUS DIGESTATE SOURCED FOR MATERIAL TESTING

Slurry Storage

During site visit at an anaerobic digestion plant at GP Biotec in Wales, the process was explained to a great extent
of how the operation works. Anaerobic digestion is the process by which organic material is broken down by
micro-organisms in the absence of oxygen to produce methane, carbon dioxide and water.

Digestate Storage
AD tanks

Upon arriving at GP Biotec, the size of the operation was shocking. The smell of ammonia in the air was quite
strong. Before visiting the site, I was under the impression through multiple conversations prior that they only
dealt with animal waste. When sitting down with Bridget, one of the head managers, she explained the content of
the digestate and it came as a pleasant surprise they also used food waste.
The food waste they use comes from neighbouring factories. It was important to understand exactly where this
waste was coming from due to analyzing the carbon footprint of the digestate. However, due to confidentiality,
this information could not be released to me.

Image taken from Google Earth. Representing and aerial image of GP Biotec. Since this satellite image was taken, the AD plant has grown double in size of their production and number of tanks.

Calculating specific ratios of the contents in the digestate is extremely difficult as they just base it on the volumes
received from factories. The only ratio they provided is the fact that it is 50% animal waste and 50% food waste.

Fibrous Digestate Content:
Animal Guts
Animal Blood
Cow & Sheep Slurry
Vegetable Peelings
Undercroft
Whey
Waste-water
Maize (on-site farm derived feedstock)
According to GP Biotec, in terms of the composition of the digester feed, it is
approximately 50% of commercial waste against 50% farm derived feedstock.
This is based on volume.
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Fibrous Digestate Supplied from GP Biotec in Wales
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Image taken at Studio Morrison where the 10 tonnes of fibrous digestate from GP Biotec was transported

CHAPTER SUMMARY
Through the process of elimination of the anaerobic digestion sites in the UK, it was realized that it could be
broken down further, especially after visiting various small farms and large production sites such as GP Biotec.
Separate maps could be developed to break it down to small, medium and large farm and AD plants. Another break
down could be separating the different types of AD production. For example, AD plants that only deal with animal
wastes, animal & food waste, and food waste, should all have their own category. This is due to the fact that each
of these different operations produce very different types of digestate with varying ratios.
An important thing to go back to, is the fact that each anaerobic digestion plant operates slightly differently than
the other. Some have manure/slurry and other waste products transported to them, others use the waste from
the farm on-site, and they either supply electricity to their own facilities or have enough infrastructure and units
to supply to both themselves and surrounding towns. This creates a very complex process of elimination to find
the best site to find material supply from no matter what type of AD production.
Understanding how one AD plant operates was very important and an eye opening experience to have. It was a
polar opposite experience compared to living on a small cattle and sheep farm for a week, while visiting similar
local farms during the field research trips to Wales. Where the development AD is at in this day in age still has a
long way to go in learning how this can be useful for small farm operations in a low-tech equivalent.
Note to Reader: the following chapter jumps to how manure has been used not in an agricultural sense, but how
it has been used since the Neolithic Era as a vernacular construction technique. It also explores how through the
technological advances in anaerobic digestion, how digestate and clay can create bricks through case studies.

CASE
STUDIES &
RESEARCH
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Part 3: Case Studies & Field
Research
Where do we view waste?
Time-line representing history of
removing waste from city centres
Global Vernacular Use of Cow Manure
and Clay
Case Studies: Manure & Clay Use
1) Eco Fae Brick: Indonesia
2) Museo della Merda: Italy
Consulting Material Experts

Throughout history, waste has been viewed by many different lenses. In the 1500’s a decree began that
revolutionized how we view waste in the city. It slowly became completely removed from the urban centres and
pushed out of our sights, starting the notion of, “out of sight, out of mind.”
However, agriculturally speaking, manure and waste has always been and forever will be a gold mine. Manure may
be extremely harmful in massive quantities as discussed previously, but simultaneously it is extremely important
in keeping the soils of the earth healthy and promote carbon sequestration.
It’s time to see how powerful “waste” is for our future survival.

1) H. G. Matthews: England
2) BC Materials
3) Centre for Alternative Technology
Chapter Summary

This chapter explores how manure was and is still used as a vernacular construction technique, especially
in warmer climates. This chapter will then go on to explore how key players have been developing how to
use digestate from cow manure with clay to produce building products. Finally the chapter concludes with a
theoretical analysis on how digestate could be used through other material studies.

...Where do we view waste?
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TIME-LINE: HISTORY OF SHIT
Throughout history, waste has been viewed by many different lenses. In the 1500’s a decree began that revolutionized
how we view waste in the city. This section of the chapter explains how shit slowly became completely removed from
the urban centres and pushed out of our sights, emphasizing the notion, “out of sight, out of mind.”

“ To produce is literally to shit. “Do you in fact produce anything with all your riches?”
Pierre Leroux demands of Malthus. “No, its nature that produces everything, and when
you get to the bottom of all your means of production, industry sends you back to
agriculture, and in the end, to your manure.”
- Dominique Laporte

However, agriculturally speaking, manure and waste has always been and forever will be a gold mine. Manure may
be extremely harmful in massive quantities as discussed previously, but simultaneously it is extremely important in
keeping the soils of the earth healthy and promote carbon sequestration. Farmers today are fed up with being blamed
for climate change. This time-line shows modern day explains of how shit is viewed and the irony of removing shit
from cities centuries ago.
It’s time to see how powerful “waste” is for our future survival.

Facts sourced from: History of Shit by Dominique Laporte (1978)
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TIME-LINE: 1900s-2020

03. TIME-LINE: HISTORY OF SHIT
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GLOBAL USE OF MANURE & CLAY
“ Shit is always profitable.”
- Jeremy Bentham
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GLOBAL USE ANALYSIS
Cow manure has been used as a building material globally in a vernacular sense since the Neolithic Era.
Some of the qualities and examples of this are:

1) It has the ability to make a stable foundation against natural disasters.
2) Acts as a thermal insulator in both hot and cold climates - unlike insulations such as fibre glass that are
potentially cancerous.
3) Construction is highly environmentally sustainable
4) Homes mixed with mud, sticks, grass, cow dung and cow urine creates a combination that repels mosquitoes
and keeps dwellers cool.
5) Native American People’s settlements in the US 700 years ago, used wattle and daub method to construct
homes which are sturdy and climate controlled. Daub is dung in addition to another substance like sand or stone,
while wattle is the wood or grass frame.
6) In Tiébélé, the structure and foundation of homes are made of soil mixed with straw and cow dung. Exterior walls
were then decorated with beautiful murals depicting everyday life, religion and heritage.
7) Older homes painted with lead-based paint linked to lead poisoning and water contamination, however coating
your walls with cow dung, benefits your health by acting as a natural antiseptic while raising serotonin levels.
8) In Southern India, it is common that dung is used to wax floors. Often they created drawings of this as tributes to
environmental co-existence.

Images above are depicting various types of building constructions made out of cow dung with and without the addition of other materials.
Images source: https://www.globalcitizen.org/en/content/who-uses-sht-to-build-a-house/
Facts in text sourced from: https://www.globalcitizen.org/en/content/who-uses-sht-to-build-a-house/
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CASE STUDIES

DIGESTATE & CLAY
1st: Eco Fae Brick, Indonesia
2nd: Museo della Merda, Italy
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KEY MARKET AND COMPETITORS
Although there are hundreds of examples of using cow dung as a building material throughout the globe, the only
applications within the UK is cob and the wattle and daub method of construction.
The following is a brief comparison of two companies that are experimenting with digestate from anaerobic
digestors that use cow manure and slurry mixed with clay to produce building materials. It’s important to note that
these two case studies use different kinds of digestate to produce their products.
First company, Eco Fae Bricks, developed works within Indonesia using whole digestate, and the other, Museo della
Merda, developed works in Italy using whole & fibrous digestate. After thorough research, these are the closest
case studies that are experimenting with the similar materials.
Their ideal clientele are people who are looking for a building material that can be applied to a low-rise
construction. People who are searching for a sustainable building material that is working hard to turn a waste
product (digestate) into a powerful material that can be easily adaptable and maintainable to suit their needs.

CASE STUDIES
1st: Eco Fae Brick, Indonesia
2nd: Museo della Merda, Italy
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1st Case Study: Eco Fae Brick
In 2009, there was a group of students in Indonesia at the Prasetiya Mulya Business School, won the 2009 Global
Social Venture Competition with their “Eco Fae Brick“. It is a quality, easily manufactured, low-cost sustainable
building material made from cow dung. The Eco Fae Brick mission is to provide a highly economical solution to a
waste problem while helping to curb the destruction of the local environment caused by clay quarries.

Important Takeaway Points:
Bricks are made using 75% cow manure and cured in a biogas
heating process that reduces the brick factory’s CO2 emissions significantly
over traditional wood fire heat.
Eco Fae Brick states that the process will raise participating
farmers’ incomes by 53%, which will help to raise their quality of life.
These products definitely meet the needs of this specific context. Many positive outcomes can be learned from
them such as the improved quality of life of the farmers participating. However, looking at the context of this
product, it is significantly different than the UK.
Where Eco Fae Brick works great as an adobe material, working for a very hot and dry climate, the UK climate
needs a more insulated product that will also uphold extreme weather conditions such as snow and rain. These
types of considerations need to be made during the material testing phase of my project.

Images above are showing the construction process and final product of the Eco Fae Brick.
Images source: http://www.buildingconservation.com/articles/wattleanddaub/wattleanddaub.htm
Facts in text sourced from: http://www.buildingconservation.com/articles/wattleanddaub/wattleanddaub.htm

Image source: https://www.yourhome.gov.au/passive-design/thermal-mass
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2nd Case Study: Museo della Merda
In 2015, Museo della Merda (The Shit Museum) was founded in Lombardy by a dairy farmer, Gianantonio Locatelli,
and a group of associates. The idea came from Castelbosco, in the province of Piacenza, on Gianantonio’s dairy
farm which makes milk for Grana Padano cheese.
Every day at the farm 3,500 specially selected cows produce around 50,000 litres of milk and 150,000 kilos of
dung. This quantity of excreta started to be transformed into a futuristic ecological, productive and cultural
project. Using highly innovative systems, such as anaerobic digestion, electrical energy started to be produced
from the manure. Today the farm produces up to three megawatts per hour. The buildings and offices of the farm
are heated by the digester’s as they turning the manure into energy.

Important Takeaway Points:
What kind of digestate is being used?
The liquid digestate, a leftover product from the digestion process, creates
a highly nutrient fertilizer.
The solid digestate mixed with local terracotta clay was used to test and
produce many different types of products.
All these products and experimentations show the different possible applications the material possesses. Such
as creating bricks, tiles, plaster for walls and furniture. Through material testing moving forward I can have the
understanding of what is possible to achieve, while keeping in mind that I am testing with fibrous digestate not
whole digestate which have different qualities such as moisture & fibre content.

Note to Reader: Please see appendix for referencing email conversations and discussions about their discoveries.

Images above are showing the overall and close-up views of the anaerobic digestors on Locatelli’s farm in Lombardy, Italy.
Images source: http://www.theshitmuseum.org/
Facts from text sourced from: http://www.theshitmuseum.org/
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Images above and on the following page are all of the various products and experimentations that have occurred at the farm.
Images source: http://www.theshitmuseum.org/

03. CASE STUDIES: DIGESTATE & CLAY

All these products and experimentations have drawn attention from various
international institutions concerned with ecology and innovation, leading
to widespread recognition and prizes, and making Castelbosco a point of
reference. The aesthetic quality of the products show that using digestate
can certainly create beautiful materials.
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CONSULTING

MATERIAL EXPERTS
1st: H.G. Matthews
2nd: BC Materials
3rd: Centre for Alternative Technology
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1st Material Expert: H.G. Matthews
H.G. Matthews was founded in 1962 and since then has undergone many changes. After many visits to the
brickyard, first touring the yard with administration, and future visits with part owner, Traff Matthews, I was able
to learn about their entire company and the ins and outs of the brickyard. These visits were very beneficial to
learning how to make bricks by hand in a tradition way, how long it takes to make them, and the equipment &
materials needed to do so. H. G. Matthews is a great example for how companies are transforming to become
more environmentally conscious every day.
During visits to the brickyard I learned:
Brick-making is an energy intensive industry with large amounts of heat needed for drying and firing, which is not
the most considerate to our environment. It is impossible to get away from this heat requirement so the answer
is to use renewable sources of energy rather than fossil fuels. Wood provides the perfect solution as a fully
renewable, locally available source of energy.
Brick-making can also impact the landscape through clay extraction. Where our clay pits are not simply returned
to agriculture H. G. Matthew’s seek to turn this impact to an advantage through the creation of ponds or wooded
dells which actually enrich the environment in the longer term.
Each year around a million litres of rainwater a year are collected from the roofs of the brickworks buildings and
used in the brick making process.
To date they have planted over 25 acres of native species, broad leafed woodland, under the supervision of the
Chiltern Woodlands Project on land previously dug for clay. They use the trees fallen from their land and Chiltern
woodland, where they are chipped on site to service the each of the 10 biomass boilers they have on site. These
boilers save 360,000 litres of diesel a year, saving significant amounts of carbon. Their biomass driers and wood
fired kilns make us a significant user of wood. The forestry industry is of course strictly controlled, all felling is
licensed by the Forestry Commission and they only source wood from woodland where trees will be replanted.

Images above are all taken during various visits to H.G. Matthews.

Note to Reader: Please view the files by following this link for more
information on multiple site visits to H.G. Matthews to document their
brickyard: https://www.sarahdevries.co/ets5

Note to Reader: See appendix for all photographs taken during site visits
with explanations of how brick making process happens at the yard.
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2nd Material Expert: BC Materials
Since 2012, BC materials transforms excavation soil from construction sites into construction materials.
At first, building requires extracting the earth from the site, which is difficult to store and transport. For example,
Belgium excavates around 37 million tonnes per year, 70% of which is dumped or buried as waste. BC materials
wants to help entrepreneurs, architects and clients to achieve their climate objectives and improve the quality of
interior life of their projects. They transform raw earth from construction sites into local materials such as earth
plasters, compressed earth blocks and earth for walls and floors. These products are circular, carbon neutral,
healthy and consume minimal gray energy.
I traveled to Brussels to meet with Thomas Vilquin, one of the head architects of the company, to understand
how they test their materials and how the company operates.
“Earth construction is really about craftsmanship which is much different than the industrial approach. Industrial
approaches make materials that are much stronger than they need to be and are very energy intensive
productions in terms of ecological and economical costs,” explained Thomas during our lunch and continued,
“going from research to implementation, craftsmanship is key.”
Testing Products:
Soil tests take approximately 2 to 3 weeks, and all tests could take around 2 months depending on drying. Testing
what is all in the soil takes a day if you have the proper resources. These tests are dependent on context, such as
which region you are in you can understand what you can do with the material or not.
1) Vertical rain: only rain they can take is lateral rain to prevent erosion. For example, rammed earth can take
lateral rain but cannot be near areas such as the sea or lakes or high winds.
2) Capillary suction
3) Soil tests how much clay, sand, gravel etc is mixed – same as concrete
4) Clay type and size of grains
5) Compression force
6) Humidity tests
7) Erosion tests: with water pressure on a test wall to see how it holds up
8) Abrasion tests
9) Water suction tests – see how fast it sucks up the water
As for the company operations, Thomas explained, “We have a production hall in Brussels, where they produce
stock. But we can also work on your site, thanks to our mobile and flexible production unit. Thus, the logistics
and infrastructure of BC materials always remains close to resources: transport is therefore reduced to the strict
minimum.” This is the basis principle of the company operations.
He further explained, “They look at the construction industry and each production site the materials to mix the
concrete such as sand and gravel are coming from elsewhere, the production sites are just to mix and distribute
the product. Similarly, BC Materials sees earth construction in the same way because earth construction needs the
mixture of additive material to survive. The difference would be the matter of locality.”

Images above from top to bottom: showing the compressed earth blocks and hempcrete with plaster material tests. Images below are a building
constructed with the material excavated from the site with compressed bricks with a plaster finish. Notice the foundation is made of concrete as these
type of bricks used in construction cannot contact the moisture from the ground surface.
Images source: http://www.bcmaterials.org/
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3rd Material Expert: Centre for Alternative Technology
The Centre for Alternative Technology or CAT, is an educational charity dedicated to researching and
communicating positive solutions for environmental change. CAT is located in the foothills of Snowdonia.
At this school they speak to government and campaigners about policies that would help create a zero carbon
Britain. All emissions that can go to zero must go to zero – as rapidly as possible. Not just from electricity, but also
from heat, transport, industry and land-use. They realize the UK has the tools to achieve zero carbon. CAT’s Zero
Carbon Britain research clearly demonstrates that we already have all the technologies we need to achieve zero
carbon emissions by 2050 – or even earlier.
They train their students in all aspects of sustainability; they help schoolchildren to understand the importance of
action on climate change; and they give advice to householders on what they can do in their own homes.
Visiting CAT:
I had the opportunity to visit CAT’s campus during one of my field research trips in Wales. I was taken on a tour of
their seven acres of hands-on displays, examples of environmentally responsible buildings, renewable energy, and
organically managed gardens.
It was a great experience to see hundreds of material tests, all of which had a sustainable approach. These tests
were mainly 1:1 wall sections scattered throughout the campus. Students have a lot of freedom to play given
the space and supplies at hand. I learned tricks on how to build proper moulds, use the right dimensions, how to
source materials, and smart details for earth construction.
During the tour of the campus they explained how they constructed certain buildings on site with, rammed
earth, straw, cob, and adobe bricks. It was also inspiring to meet some of the students who have a passion for
sustainable design and to see their projects on how they help local towns by hosting workshops or exhibitions on
how to build with an environmental approach.

Images above are pictures taken during my visit to CAT, they are all mainly of projects scattered around campus. Some are images of the campus
construction, specifically their prized rammed earth theatre construction in a circle. This construction really pushes all boundaries.
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WILL THIS WORK IN THE UK?
SPOILER: cow-dung as a stabilizer significantly makes it
suitable as a building material in wet climates. But how?
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CONCLUSIONS DRAWN FROM
PEER REVIEWED JOURNALS & ARTICLES

PEER REVIEWED JOURNALS & ARTICLES
Journal of Engineering Sciences, Assiut University, Vol. 40, No 1, pp.21-34, January 2012
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See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/291554072

These articles were imperative to understanding how cow manure can be
used as a stabilizer within the UK context. Conclusions drawn from this
research includes:
1) Adding components to adobe bricks improves their physical properties
and its performance.
2) The additives should be water resistant, not closed pores and capillaries,
and they should have good penetration. They ought to increase the mechanical
strength and abrasion resistance. They must be durable, easily applicable,
cheap, reversible and they should not be chemically hazardous.
3) Much conducted research has proved that using cow-dung as a stabilizer
significant improves the mechanical strength due to the natural plant fibres
it contains.
4) The presence of cow-dung in clay mix improves the resistance of adobes
to water because of the formulation of insoluble silicate amine which glues
isolated soil particles together. The material thus becomes less porous and
resistant to water, ultimately improving its mechanical behaviour.

Article in Materials and Structures · January 2016
DOI: 10.1617/s11527-016-0808-6

CITATIONS

READS

5 authors, including:

Younoussa Millogo

A. D. Seré

Université polytechnique de Bobo-Dioulasso

Université polytechnique de Bobo-Dioulasso

17 PUBLICATIONS 273 CITATIONS

6 PUBLICATIONS 24 CITATIONS

SEE PROFILE

SEE PROFILE

Antonin Fabbri

Jean-Claude Morel

Ecole Nationale des Travaux Publics de l'Etat

Coventry University

95 PUBLICATIONS 801 CITATIONS

108 PUBLICATIONS 1,733 CITATIONS

SEE PROFILE

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

PhD work: theoretical and experimental estimation of crystallization pressure during carbon dioxide storage in deep saline aquifers View project
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Concluding that using cow-dung as a stabilizer
significantly makes it suitable as a building material in
wet climates.

20%

BEST PROPORTIONS OF
COW DUNG & CLAY SOIL:
Bricks stabilized with 20% Cow dung contents by weight
of earth has a dry and wet compressive strength of 6.64
and 2.27MPa respectively.
There is an increased of about 25% in the dry compressive
strength of bricks stabilized with 20% cow dung content.
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Image taken inside one of H.G. Matthew’s clay beds.

CHAPTER SUMMARY
By going through the history of shit, we can have a better understanding of how it’s viewed culturally. Due to
the fact that it was removed from our site in the western world, we forget that in other cultures it becomes an
accepted co-existence for many factors. These factors led to how it was developed into a vernacular building
typology, widely used in hot climates for the many benefits discussed.
It was important to understand through the case studies of Eco Fae Brick and Museo della Merda, that it was
possible to also build with digestate from animal waste and clay. Also factoring in the differences in use of the
different kinds of digestate and how that would play a role in my material testing.
By seeking out material experts, I learned a great deal about how to construct with different techniques and
materials. Whether or not I should move forward with firing my products or not and critically understanding the
differences environmentally between fired and non-fired bricks. Material experts at CAT were very resourceful in
helping me understand how to create a rammed earth, cob, and wattle & daub walls. All experts were inspiring in
the sense that, material testing is tough and takes a long time to perfect, but the process is all worth it.
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04. MATERIAL TESTING

B
STUDIO MORRISON
30 mins drive

Unit 5A, Whitehill Park Industrial Estate, Weobley
Herefordshire HR4 8QE
52°09’52.7”N
2°53’14.6”W

Part 4: Material Testing
Fitness Criteria
Measurement of Fitness Criteria
Material Tests:
1) Bioplastic
Glycerol and Gelatin Mix
2) Adhesives
Boiled Linseed Oil Mix
Picture Varnish Mix
2-Part Resin Mix
Gorilla Glue Mix
3) Structural Blocks
Wet & Dry Concrete Mix
Wet & Dry Lime and Aggregate Mix
4) Panels
Wet & Dry Lime Mix
Dry Concrete Mix
Mixing & Making Assessment
Chapter Summary

A

GP BIOTEC
Great Porthamel Talgarth, Farm, Talgarth
Brecon LD3 0DL
52°00’30.4”N
3°13’37.7”W

Transport route: shipped 10 tonnes of fibrous digestate from GP Biotec, just north of Brecon Beacons National Park in Wales, to Studio Morrison to carry out material testing. Aerial taken from Google Earth.

After visiting GP Biotec to have a tour of the anaerobic digestion facilities on the farm and see a sample of what
the fibrous digestate looked like, it took around two weeks to organize a shipment of 10 tonnes of manure to
Studio Morrison where the material testing was carried out. Coordinating this was quite challenging as I had to wait
for a shipment of tonne bags to be made to GP Biotec in order for Studio Morrison to receive the digestate. This
took a lot more time that expected due to the fact that GP Biotec normally just dumped the digestate off with a
lorry truck causing a great deal of organizing and time on GP Biotec’s end.
Upon waiting for the arrival of the digestate at Studio Morrison, the moulds for the various material tests began,
as well as gathering all the supplies needed from the local hardware stores. The arrival of the shipment of lime and
aggregate 25kg bags determined the timing of when I could carry out the tests. I first started with the bioplastic
at my home in London, then the rest at Studio Morrison. The sample tests were done first, then the concrete
blocks, with the lime and aggregate blocks and panels following, and lastly the concrete panel. The concrete panel
I was unable to de-mould at Studio Morrison due to drying time and was not able to see its result until all the tests
were shipped to the Architectural Association in London on the 26th of February 2020 for further testing.

Note to Reader: Please follow this link to view the video on material
production and material testing:
https://www.youtube.com/watch?v=emMUaVrlBp8&t=24s
It shows all the different phases of making the materials and process

...What to create with waste?
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04. MATERIAL TESTING

FITNESS TEST CRITERIA

MEASUREMENT OF FITNESS TEST CRITERIA

Criteria used to evaluate each material test:

How each criteria is measured for the tests:

PHYSICAL TESTS

PHYSICAL TESTS

1) Drying Time

1) Drying Time

The test should dry in the standard time it takes for specified materials used. If test takes longer than the
standard time this is problematic as building construction would take significantly longer which adds cost and loss
of valuable time.

Record the amount of time it takes to dry from making the material to taking it out of the mould. It should be able
to hold itself together. Future records should be made to study how long it takes to completely dry.
2) Thermal Properties

2) Thermal Properties
If test is intended to be used for constructing a wall, depending on the test it should have insulative properties
that are up to building regulation standards. If test doesn’t meet these standards the design would need further
investigation and redesign.
3) Structural Properties
Different structural properties should apply to test depending on what their intended use is. Structural tests
included, compression, lateral and tension. Various tests should be under taken for each material to understand its
complete structural capacity.
4) Economics

By using a heat gun and thermometer to measure the time it takes for heat to travel through material. The longer
the time it takes for the heat to transfer through the better insulator it is.
3) Structural Properties
First test is seeing if material can withstand the weight of two bricks on all sides. Second test is to see if it can
withstand my weight by standing on all sides of material. If it survives these two tests then jumping on material to
see if it withstands would be the last test measurement.
4) Economics
Record cost of materials used to bind the digestate together. Note that this cost analysis does not include the
money it took to ship the binding agents as well as equipment and tools needed to create the moulds.

Test should be able to compete or match the industry market and be a viable choice from an economical stand
point. For example, if test done is a brick, the new material should match the industry average cost of a standard
brick.

THEORETICAL TESTS
THEORETICAL TESTS
1) Water Resistance

1) Water Resistance
Once materials are completely dry these water resistant measure can be recorded. A speculation can be made
however on the water resistant properties of the binding agents.

If the test is intended for interior use, the material should have water resistance qualities due to moisture from air
and water leaks. If test is intended for exterior use it should have significant water proofing qualities, if not further
investigation and redesign is needed to understand how this can be challenged and fixed (either by cladding with
another material, applied water proof coating, or further material testing).

2) Environmental Properties

2) Environmental Properties

3) Production

Binding agents used should have low embodied energy as well as a low carbon footprint and emission. Material
should strive to be as recyclable and reusable as possible with a sustainable end of life approach.

Recording of how many tools or machines are needed to develop material test.

Sourcing where binding agents could be bought from, whether you can get them at a local hardware store or not.
Also taking into consideration how recyclable the binding agents are and how natural or toxin they are.

4) Smell
3) Production
Future recordings should be taken to understand how long it takes for the smell to disappear and on what level.
In the production of the material, the amount of energy consumption used should be taken into consideration as
well as the tools used in the process of making the material.
4) Smell
The ammonia in the digestate creates a highly unpleasant smell. Mixing the digestate with different neutralizers
such as lime helps remove a majority of that issue. Mixing the digestate with other harsh chemicals and toxins
needs to be measured and taken into serious consideration.
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BIOPLASTIC SAMPLE MIX
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BIOPLASTIC MIX
RECIPE
INGREDIENTS & TOOLS
Distilled Water:Confidential
200 ml
Information
Glycerol: 20 ml
Cornstarch: 48 ml
White Vinegar: 20 ml
Food Colouring: 16 drops
Fibrous Digestate: 200 g
Melamine Mould: 4x4 inch
Clamps
Pot or Saucepan
Measuring cup & Spatula

INSTRUCTIONS

THEORETICAL TESTS
1) Water Resistance
Material test grew mold very rapidly, therefore the moisture content within the
bioplastic attracted this reaction. This test is not water resistant.
2) Environmental Properties
All binding agents can be sourced from a local grocery store. All ingredients are
relatively environmentally friendly if can be sourced locally. However, further
research needs to be done on where each ingredient was actually made not bought.
3) Production
Energy used to make this test involved having to heat up the binding agents for
around 10-15 minutes.
4) Smell

1. Prepare work area. Clean all surfaces.
The mold on the test overpowers the smell of the digestate.
2. Pour all ingredients (excluding digestate) into pot
and stir together. Stir until you get rid of most of the
lumps in the mixture. At this stage, the mixture will
be a milky white colour and quite watery. If you add
the wrong amounts of ingredients, just dispose of the
mixture and start again.
3. Place pot on the stove and set the heat to mediumlow. Stir continuously as the mixture heats. Bring it to
a gentle boil. As the mixture heats, it will become more
translucent and begin to thicken.

CONCLUSIONS
This test proved that bioplastics are not the way to go due to how the material
became rapidly moldy. This fact alone showed that it is an unsuitable binding agent
to be used as a building material.

4. Remove mixture from the heat when it becomes
clean and thick. Total heating time will be around 10-15
minutes. Add drops of food colouring to this stage if
preferred.
4. Put on gloves and mix digestate with bioplastic in
hands until it is all mixed thoroughly.
5. Put mixture into the mould and clamp down until dry.
Allow mould to dry for at least two days.

Note to Reader: Please follow this link to
view the video on material production and
material testing: https://www.youtube.com/
watch?v=emMUaVrlBp8&t=24s
It shows all the different phases of making the
materials and process of testing their strength.
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FITNESS TEST ANALYSIS
DRYING TIME

LONGEST TO SHORTEST

STRUCTURAL CAPACITY
WEAKEST TO STRONGEST

1) BIOPLASTIC

DRYING TIME ANALYSIS
48 hours
Dried in expected time

2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN

STRUCTURAL CAPACITY ANALYSIS
Extremely Brittle

5) GORILLA GLUE
6) WET CONCRETE BLOCK
7) DRY CONCRETE BLOCK
8) WET LIME AND AGGREGATE BLOCK
9) DRY LIME AND AGGREGATE BLOCK
10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

THERMAL MASS HYPOTHESIS
WORST TO BEST THERMAL CAPACITY

1) BIOPLASTIC
2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN
5) GORILLA GLUE
6) WET CONCRETE BLOCK
7) DRY CONCRETE BLOCK
8) WET LIME AND AGGREGATE BLOCK
9) DRY LIME AND AGGREGATE BLOCK
10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

COST ESTIMATION
LOW TO HIGH

THERMAL MASS HYPOTHESIS
The mold that grew determined this
wasn’t suitable for building with,
however if it had worked it wouldn’t
have been a good insulator cause it
wouldn’t be porous.
COST ESTIMATION
After buying all the binding agents
and supplies needed to carry out the
experiment the cost to create a tiny
sample was much more expensive
than expected.
Total cost: 20 pounds

125

126

LET’S TALK SHIT

04. MATERIAL TESTING

ADHESIVE:
SAMPLES
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BOILED LINSEED OIL MIX
RECIPE
INGREDIENTS & TOOLS
Boiled Linseed Oil:
450 ml
Information
Confidential
Fibrous Digestate: 450 g
Melamine Mould: 20x30x10 cm
Measuring Cup
Clamps
Wax

INSTRUCTIONS
Information
Confidential
1. Measure weight
of aluminum mixing bowl.

THEORETICAL TESTS
1) Water Resistance
Once materials are completely dry these water resistant measure can be recorded.
However, due to the amount of oil used, it will take a great deal of time to dry.
2) Environmental Properties
Using this picture varnish is not going to be located in every town near by therefore
costs of transportation or shipping would have to be taken into consideration.
3) Production
Very few tools and equipment is needed to create this test. Fairly simple to produce.
4) Smell

2. Measure the digestate in aluminum mixing bowl and
subtract the weight of the bowl.
3. Measure boiled linseed oil in glass measuring cup.
4. With your hands mix digestate in aluminum mixing
bowl with half the required amount of boiled linseed
oil until thoroughly mixed, then pour in the rest of the
oil until it is all fully mixed together; if mixture has
excessive amounts of oil more digestate should be
added to the ratio until it forms a nice ball.
4. Apply generous amount of wax to all surfaces of the
mould so material does not stick to melamine boards.
5. Put mixture into the mould and clamp down until dry.

Once removing this from the mould compared to all the other tests it smelt even
worse than the digestate itself which would be problematic and other substances
would have to be added to make it a viable material to use for construction.

CONCLUSIONS
This test was done as boiled linseed oil is used in ceramic works to be absorbed
into the surface of clay tiles and forms a water-resistant seal. The linseed oil also
protects the tile from staining during grouting. This test was done to see if this
mixture could be used as an insulative fibreboard panel.
It was fairly easy to mix this test together by hand as the oil soaked into the
digestate very quickly. Unfortunately, the drying time of this test proved that it
would take far too long to produce a viable product out of it.
If this test had been successful, it would be a highly economical test as a bottle of
boiled linseed oil is inexpensive (2.20 pounds/500ml)and a relatively sustainable
product in itself.

Note to Reader: Please follow this link to
view the video on material production and
material testing: https://www.youtube.com/
watch?v=emMUaVrlBp8&t=24s
It shows all the different phases of making the
materials and process of testing their strength.
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FITNESS TEST ANALYSIS
DRYING TIME

LONGEST TO SHORTEST

STRUCTURAL CAPACITY
WEAKEST TO STRONGEST

1) BIOPLASTIC

DRYING TIME ANALYSIS
Still Drying, Too Much Oil

2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN

STRUCTURAL CAPACITY ANALYSIS
Since test was still wet the
structural capacity could not be
determined

5) GORILLA GLUE
6) WET CONCRETE BLOCK
7) DRY CONCRETE BLOCK
8) WET LIME AND AGGREGATE BLOCK
9) DRY LIME AND AGGREGATE BLOCK
10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

THERMAL MASS HYPOTHESIS
WORST TO BEST THERMAL CAPACITY

COST ESTIMATION
LOW TO HIGH

1) BIOPLASTIC
2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN
5) GORILLA GLUE
6) WET CONCRETE BLOCK
7) DRY CONCRETE BLOCK
8) WET LIME AND AGGREGATE BLOCK
9) DRY LIME AND AGGREGATE BLOCK
10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

THERMAL MASS HYPOTHESIS
Test Burned in 1 min 11 sec
with 180 F heat applied
COST ESTIMATION
Costs 2.20 pounds for 500 ml
Very inexpensive. If this binding
agent could be used as a building
material it would be highly
economical
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PICTURE VARNISH GLOSS MIX
RECIPE
INGREDIENTS & TOOLS
Picture Varnish Confidential
Gloss: 200 ml
Information
Fibrous Digestate: 700 g
Mould: 20x30x10 cm
Measuring Cup
Clamps
Wax

INSTRUCTIONS

THEORETICAL TESTS
1) Water Resistance
The quality of the bind between the varnish and digestate suggest that it could resist
water moisture, however is still quite porous and would not be water proof.
2) Environmental Properties
Using this picture varnish is not going to be located in every town near by therefore
costs of transportation or shipping would have to be taken into consideration.
3) Production
Very few tools and equipment is needed to create this test. Fairly simple to produce.

Information
1. Measure weightConfidential
of aluminum mixing bowl.
4) Smell
2. Measure the digestate in aluminum mixing bowl and
subtract the weight of the bowl.

The smell of the varnish took over the smell of the digestate. Smelt rather toxic
which is not a measurement of good smell.

3. Measure picture varnish gloss in glass measuring
cup.
4. With your hands mix digestate in aluminum mixing
bowl with half the required amount of picture varnish
gloss until thoroughly mixed, then pour in the rest of
the varnish until it is all fully mixed together; if mixture
has excessive amounts of varnish more digestate
should be added to the ratio until it forms a nice ball.

CONCLUSIONS
This test was done as varnish protects the painting from dirt and dust and evens out
the painting’s final appearance, making it all equally glossy or matt. This test was
done to see if this mixture could be used as an insulative fibreboard panel.

5. Put mixture into the mould and clamp down until dry.
It was fairly easy to mix this test together by hand as the varnish soaked into the
digestate very quickly. Drying this test took around 2 days so it was quick enough to
draw conclusions about its properties.
If the smell could be fixed or neutralized in some way, which will require further
tests and research, this would be a great option to use as an insulative board in a
wall cavity. Especially since it holds together very well and is easy to cut or snap a
straight edge off.

Note to Reader: Please follow this link to
view the video on material production and
material testing: https://www.youtube.com/
watch?v=emMUaVrlBp8&t=24s
It shows all the different phases of making the
materials and process of testing their strength.
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FITNESS TEST ANALYSIS
DRYING TIME

LONGEST TO SHORTEST

STRUCTURAL CAPACITY
WEAKEST TO STRONGEST

1) BIOPLASTIC
2) BOILED LINSEED OIL

DRYING TIME ANALYSIS
48 hours
Dried in expected time

3) PICTURE VARNISH
4) 2-PART RESIN
5) GORILLA GLUE
6) WET CONCRETE BLOCK

STRUCTURAL CAPACITY ANALYSIS
Holds together without any breakage

7) DRY CONCRETE BLOCK
8) WET LIME AND AGGREGATE BLOCK
9) DRY LIME AND AGGREGATE BLOCK
10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

THERMAL MASS HYPOTHESIS
WORST TO BEST THERMAL CAPACITY

COST ESTIMATION
LOW TO HIGH

1) BIOPLASTIC
2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN
5) GORILLA GLUE
6) WET CONCRETE BLOCK

THERMAL MASS HYPOTHESIS
Time to burn: 50 sec at 180 F
If test had been thicker it would be a
much better insulator as the varnish
still allows test to remain porous

7) DRY CONCRETE BLOCK
8) WET LIME AND AGGREGATE BLOCK
9) DRY LIME AND AGGREGATE BLOCK
10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

COST ESTIMATION
Costs 10 pounds for 500 ml.
The varnish is not the cheapest
option especially when using the
best quality brand. If tested with
less expensive varnishes and the
results were the same this coud be
an economical option.
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2-PART COATING RESIN MIX
RECIPE
INGREDIENTS & TOOLS
Information
Coating Resin: Confidential
100 ml
Hardening Resin: 50 ml
Fibrous Digestate: 700 g
Mould: 20x30x10 cm
Measuring Cup
Clamps
Wax

THEORETICAL TESTS
1) Water Resistance
The test once dry revealed to be highly water proof as the resin binded extremely
well with the digestate creating a very solid piece of material.
2) Environmental Properties
Using resin as a binding agent is not the best option environmentally as material
could never be recycled and resin is quite toxic.
3) Production

INSTRUCTIONS
Information
Confidential
1. Measure weight
of aluminum mixing bowl.
2. Measure the digestate in aluminum mixing bowl and
subtract the weight of the bowl.
3. Measure coating resin in glass measuring cup. Then
quickly measure hardening resin in separate measuring
cup as it sets fairly quickly.
4. With your hands mix digestate in aluminum mixing
bowl with half the required amount of coating and
hardening resin until thoroughly mixed, then pour in
the rest of the oil until it is all fully mixed together;
if mixture has excessive amounts of resin start
experiment over again.
5. Put mixture into the mould and clamp down until dry.

To use the right resin for this type of test is very expensive and would need to be
ordered online. This would add transport and shipping costs. This material is also
very difficult to work with and therefore needs more of an expertise to produce.
4) Smell
Resin as a material is toxic and therefore this needs to be taken into consideration
when burning the material. The test smelt relatively neutralized because the resin
traps the smell of the digestate in.

CONCLUSIONS
If this material was produced in a factory setting with mass amounts of resin at
hand with proper equipment, there could be many possibilities with using resin. Once
the material was dry it was very flexible which could be an interesting design tool.
However, testing something in this setting is highly unfordable.
This material could be used as a thin panel, would not be a good option as an
insulator.

Note to Reader: Please follow this link to
view the video on material production and
material testing: https://www.youtube.com/
watch?v=emMUaVrlBp8&t=24s
It shows all the different phases of making the
materials and process of testing their strength.
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FITNESS TEST ANALYSIS
DRYING TIME

LONGEST TO SHORTEST

STRUCTURAL CAPACITY
WEAKEST TO STRONGEST

1) BIOPLASTIC
2) BOILED LINSEED OIL
3) PICTURE VARNISH

DRYING TIME ANALYSIS
24 hours
Dried longer than expected

4) 2-PART RESIN
5) GORILLA GLUE
6) WET CONCRETE BLOCK

STRUCTURAL CAPACITY ANALYSIS
Compared to all other tests, this one
stayed together the best. It is also
highly flexible.

7) DRY CONCRETE BLOCK
8) WET LIME AND AGGREGATE BLOCK
9) DRY LIME AND AGGREGATE BLOCK
10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

THERMAL MASS HYPOTHESIS
WORST TO BEST THERMAL CAPACITY

COST ESTIMATION
LOW TO HIGH

1) BIOPLASTIC
2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN
5) GORILLA GLUE
6) WET CONCRETE BLOCK

THERMAL MASS HYPOTHESIS
Time to burn: 5 mins 47 sec at 180F
Non-porous and very thin. Would not
be a good insulator.

7) DRY CONCRETE BLOCK
8) WET LIME AND AGGREGATE BLOCK
9) DRY LIME AND AGGREGATE BLOCK
10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

COST ESTIMATION
Over 40 pounds a bottle.
Most expensive option.
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GORILLA GLUE MIX
RECIPE
INGREDIENTS & TOOLS
Information
Gorilla Glue: 115 ml
Confidential
Fibrous Digestate: 800 g
Mould: 20x30x10 cm
Measuring Cup
Clamps
Wax

INSTRUCTIONS
1. Measure weight
of aluminum mixing bowl.
Information
Confidential
2. Measure the digestate in aluminum mixing bowl and
subtract the weight of the bowl.
3. Measure gorilla glue in glass measuring cup.
4. With your hands mix digestate in aluminum mixing
bowl with half the required amount of gorilla glue
until thoroughly mixed, then pour in the rest of the
varnish until it is all fully mixed together; if mixture
has excessive amounts of gorilla glue more digestate
should be added to the ratio until it forms a nice ball.
5. Put mixture into the mould and clamp down until dry.

THEORETICAL TESTS
1) Water Resistance
The test once dry revealed to be highly water proof as the gorilla glue binded
extremely well with the digestate creating a very solid piece of material.
2) Environmental Properties
Using gorilla glue as a binding agent is one of the worst options environmentally as
material could never be recycled and the making of the glue is quite toxic.
3) Production
This binding agent is readily available at most local hardware stores. It is not a hard
item to get one’s hands on.
4) Smell
The smell of the glue immediately gives off toxic scents. This is an indicator that if
burned would create toxic fumes and should not be inhaled.

CONCLUSIONS
Due to this material tests environmental properties alone, this should not be
developed into a building material, especially in the state the world is in right now
with global warming. Proposing this as a viable material would not be ethically right.

Note to Reader: Please follow this link to
view the video on material production and
material testing: https://www.youtube.com/
watch?v=emMUaVrlBp8&t=24s
It shows all the different phases of making the
materials and process of testing their strength.
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FITNESS TEST ANALYSIS
DRYING TIME

LONGEST TO SHORTEST

STRUCTURAL CAPACITY
WEAKEST TO STRONGEST

1) BIOPLASTIC
2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN

DRYING TIME ANALYSIS
2 hours to fully dry

5) GORILLA GLUE
6) WET CONCRETE BLOCK
7) DRY CONCRETE BLOCK

STRUCTURAL CAPACITY ANALYSIS
Could not be tested as it was
completely stuck to the melamine
board. However, by evaluating the
strength of gorilla glue and the
materials abrasive strength, it must
be very durable.

8) WET LIME AND AGGREGATE BLOCK
9) DRY LIME AND AGGREGATE BLOCK
10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

THERMAL MASS HYPOTHESIS
WORST TO BEST THERMAL CAPACITY

COST ESTIMATION
LOW TO HIGH

1) BIOPLASTIC
2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN
5) GORILLA GLUE
6) WET CONCRETE BLOCK
7) DRY CONCRETE BLOCK
8) WET LIME AND AGGREGATE BLOCK

THERMAL MASS HYPOTHESIS
Time to burn: 1 min and 23 secs at
180 F
Material started to bubble from the
heat applied.

9) DRY LIME AND AGGREGATE BLOCK
10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

COST ESTIMATION
Fairly inexpensive, however not
the cheapest glue option out there.
Paying more for the brand.
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CONCRETE MIX & LIME MIX:
STRUCTURAL BLOCK
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CONCRETE BLOCK (WET) MIX
RECIPE
INGREDIENTS & TOOLS
Information
Confidential
Portland Cement:
3409.57 ml
Water: 6819.14 ml
Fibrous Digestate: 48 litres
Mould: 16x8x6 inch
12L Bucket
Concrete Mixing Machine
Clamps

INSTRUCTIONS
Information
Confidential
1. Measure correct
amount of fibrous digestate. Toss
into concrete mixer.

THEORETICAL TESTS
1) Water Resistance
When material had arrived to London, you could notice the temperature change from
cold to hot created moisture to develop on the surface. This indicates that material,
yet porous, is water resistant.
2) Environmental Properties
Portland cement is a readily available material at most hardware stores. However, it’s
impact on the envrionment is one of the worst in the construction industry, therefore
for future tests, concrete alternatives would be used.
3) Production
Concrete mixer was needed to complete test. This machine takes energy to use but
is unavoidable in production. Clamping of the moulds took a lot of physical energy
and requires two people for lifting material while wet.

2. Measure correct amount of portland cement. Toss
into concrete mixer.

4) Smell

3. Turn on concrete mixer and thoroughly mix.

Portland cement helped neutralize the smell of the ammonia from the digestate.

4. Add in half the amount of water required. Mix
thoroughly until mixture begins to clump. Once this
happens add the rest of the amount of water required.

CONCLUSIONS

5. Throughout mixing, if material gets stuck to the
edges of the concrete mixer, scrap it away from the
edge and continue to mix until mixture is thoroughly
mixed.
6. Put mixture into mould and clamp until water seeps
through the bottom. If needed, drill holes into the
bottom areas around the mould to help reduce drying
time.

This test was done to see if it could be a structural block. This mixture happened
to be the best structurally due to the ratio of cement to digestate and water. The
amount of water added allowed the two materials to bind easier than the other
structural block tests.
Further testing with a cement alternative with similar ratios should be conducted to
understand the true potential of this material.

Note to Reader: Please follow this link to
view the video on material production and
material testing: https://www.youtube.com/
watch?v=emMUaVrlBp8&t=24s
It shows all the different phases of making the
materials and process of testing their strength.
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FITNESS TEST ANALYSIS
DRYING TIME

LONGEST TO SHORTEST

STRUCTURAL CAPACITY
WEAKEST TO STRONGEST

1) BIOPLASTIC
2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN
5) GORILLA GLUE

DRYING TIME ANALYSIS
96 hours to de-mould

6) WET CONCRETE BLOCK
7) DRY CONCRETE BLOCK
8) WET LIME AND AGGREGATE BLOCK

STRUCTURAL CAPACITY ANALYSIS
Strongest test overall.
Was able to jump on material without
any signs of breakage.

9) DRY LIME AND AGGREGATE BLOCK
10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

THERMAL MASS HYPOTHESIS
WORST TO BEST THERMAL CAPACITY

COST ESTIMATION
LOW TO HIGH

1) BIOPLASTIC
2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN
5) GORILLA GLUE
6) WET CONCRETE BLOCK
7) DRY CONCRETE BLOCK
8) WET LIME AND AGGREGATE BLOCK
9) DRY LIME AND AGGREGATE BLOCK

THERMAL MASS HYPOTHESIS
Due to density of material compared
to the other structural block tests,
this one would have the least
thermal capacity.

10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

COST ESTIMATION
Cost of materials was 2.28 pounds
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CONCRETE BLOCK (DRY) MIX
RECIPE
INGREDIENTS & TOOLS
Portland Cement:Confidential
2273.05 ml
Information
Water: 4546.09 ml
Fibrous Digestate: 48 litres
Mould: 16x8x6 inch
12L Bucket
Concrete Mixing Machine
Clamps

INSTRUCTIONS
Information
Confidential
1. Measure correct
amount of fibrous digestate. Toss
into concrete mixer.

THEORETICAL TESTS
1) Water Resistance
When material had arrived to London, you could notice the temperature change from
cold to hot created moisture to develop on the surface. This indicates that material,
yet porous, is water resistant.
2) Environmental Properties
Portland cement is a readily available material at most hardware stores. However, it’s
impact on the envrionment is one of the worst in the construction industry, therefore
for future tests, concrete alternatives would be used.
3) Production
Concrete mixer was needed to complete test. This machine takes energy to use but
is unavoidable in production. Clamping of the moulds took a lot of physical energy
and requires two people for lifting material while wet.

2. Measure correct amount of portland cement. Toss
into concrete mixer.

4) Smell

3. Turn on concrete mixer and thoroughly mix.

Portland cement helped neutralize the smell of the ammonia from the digestate.

4. Add in half the amount of water required. Mix
thoroughly until mixture begins to clump. Once this
happens add the rest of the amount of water required.

CONCLUSIONS

5. Throughout mixing, if material gets stuck to the
edges of the concrete mixer, scrap it away from the
edge and continue to mix until mixture is thoroughly
mixed.
6. Put mixture into mould and clamp until water seeps
through the bottom. If needed, drill holes into the
bottom areas around the mould to help reduce drying
time.

This test was done to see if it could be a structural block. This mixture happened to
be one of the best structurally due to the ratio of cement to digestate and water.
However, it was weaker than the wet concrete test. This could be because of the
thickness and density differences between the two. Denser the material the better it
will preform structurally.
Further testing with a cement alternative with similar ratios should be conducted to
understand the true potential of this material.

Note to Reader: Please follow this link to
view the video on material production and
material testing: https://www.youtube.com/
watch?v=emMUaVrlBp8&t=24s
It shows all the different phases of making the
materials and process of testing their strength.
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FITNESS TEST ANALYSIS
DRYING TIME

LONGEST TO SHORTEST

STRUCTURAL CAPACITY
WEAKEST TO STRONGEST

1) BIOPLASTIC
2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN
5) GORILLA GLUE
6) WET CONCRETE BLOCK

DRYING TIME ANALYSIS
96 hours to de-mould

7) DRY CONCRETE BLOCK
8) WET LIME AND AGGREGATE BLOCK
9) DRY LIME AND AGGREGATE BLOCK

STRUCTURAL CAPACITY ANALYSIS
Was able to jump on material without
any signs of breakage.

10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

THERMAL MASS HYPOTHESIS
WORST TO BEST THERMAL CAPACITY

COST ESTIMATION
LOW TO HIGH

1) BIOPLASTIC
2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN
5) GORILLA GLUE
6) WET CONCRETE BLOCK
7) DRY CONCRETE BLOCK
8) WET LIME AND AGGREGATE BLOCK
9) DRY LIME AND AGGREGATE BLOCK
10) WET LIME PANEL

THERMAL MASS HYPOTHESIS
Due to density of material compared
to the other structural block tests,
this one would have one of the lower
thermal capacities.

11) DRY LIME PANEL
12) DRY CONCRETE PANEL

COST ESTIMATION
Cost of materials was 2.28 pounds
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LIME & AGGREGATE BLOCK (WET) MIX
RECIPE
INGREDIENTS & TOOLS
Information
Confidential
Natural Hydrated
Lime (NHL5): 6819.14 ml
Aggregate (Dark Blaenavon Blend): 3409.57 ml
Water: 2273.05 ml
Fibrous Digestate: 24 litres
Iron Oxide: 50 ml
Mould: 16x8x6 inch
12L Bucket
Concrete Mixing Machine
Clamps

THEORETICAL TESTS
1) Water Resistance
When material had arrived to London, you could notice the temperature change from
cold to hot created moisture to develop on the surface. This indicates that material,
yet porous, is water resistant.
2) Environmental Properties
Lime & Aggregate is not as readily available of a material as portland cement is. Using
these materials as binding agent does put harm on the environment due to material
extraction, however the end of life of this material could be reused and recycled.
3) Production

INSTRUCTIONS
Information
Confidential
1. Measure correct
amount of fibrous digestate. Toss
into concrete mixer.

Concrete mixer was needed to complete test. This machine takes energy to use but
is unavoidable in production. Clamping of the moulds took a lot of physical energy
and requires two people for lifting material while wet.
4) Smell

2. Measure correct amount of NHL5 Lime and
Aggregate Blend and Iron Oxide. Toss into concrete
mixer.

Lime significantly helps neutralize the smell of the ammonia from the digestate.

3. Turn on concrete mixer and thoroughly mix.

CONCLUSIONS

4. Add in half the amount of water required. Mix
thoroughly until mixture begins to clump. Once this
happens add the rest of the amount of water required.
5. Throughout mixing, if material gets stuck to the
edges of the concrete mixer, scrap it away from the
edge and continue to mix until mixture is thoroughly
mixed.

This test was done to see if it could be a structural block. This mixture happened to
be one of the best structurally due to the ratio of lime and aggregates to digestate
and water. However, it was weaker than the dry concrete test. This could be because
of the thickness and density differences between the two. Denser the material the
better it will preform structurally.
Further testing would be to add more water to the test to remove the clumps that
lime creates chemically when there isn’t enough moisutre in the mix. This could
result in denser stronger materials.

6. Put mixture into mould and clamp until water seeps
through the bottom. If needed, drill holes into the
bottom areas around the mould to help reduce drying
time.

Note to Reader: Please follow this link to
view the video on material production and
material testing: https://www.youtube.com/
watch?v=emMUaVrlBp8&t=24s
It shows all the different phases of making the
materials and process of testing their strength.
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FITNESS TEST ANALYSIS
DRYING TIME

LONGEST TO SHORTEST

STRUCTURAL CAPACITY
WEAKEST TO STRONGEST

1) BIOPLASTIC
2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN

DRYING TIME ANALYSIS
96 hours to de-mould

5) GORILLA GLUE
6) WET CONCRETE BLOCK
7) DRY CONCRETE BLOCK

STRUCTURAL CAPACITY ANALYSIS
Was able to stand on material but
jumping damaged the material and
forced a crack.

8) WET LIME AND AGGREGATE BLOCK
9) DRY LIME AND AGGREGATE BLOCK
10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

THERMAL MASS HYPOTHESIS
WORST TO BEST THERMAL CAPACITY

COST ESTIMATION
LOW TO HIGH

1) BIOPLASTIC
2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN
5) GORILLA GLUE
6) WET CONCRETE BLOCK

THERMAL MASS HYPOTHESIS
Due to density of material compared
to the other structural block tests,
this one would have one of the lower
thermal capacities.

7) DRY CONCRETE BLOCK
8) WET LIME AND AGGREGATE BLOCK
9) DRY LIME AND AGGREGATE BLOCK
10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

COST ESTIMATION
Cost of materials was 5.52 pounds
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LIME & AGGREGATE BLOCK (DRY) MIX
RECIPE
INGREDIENTS & TOOLS
Information
Confidential
Natural Hydrated
Lime (NHL5): 4546.09 ml
Aggregate (Cotswold Blend): 1136.52 ml
Water: 4546.09 ml
Fibrous Digestate: 24 litres
Mould: 16x8x6 inch
12L Bucket
Concrete Mixing Machine
Clamps

INSTRUCTIONS
Information
Confidential
1. Measure correct
amount of fibrous digestate. Toss
into concrete mixer.
2. Measure correct amount of NHL5 Lime and
Aggregate Blend. Toss into concrete mixer.

THEORETICAL TESTS
1) Water Resistance
When material had arrived to London, you could notice the temperature change from
cold to hot created moisture to develop on the surface. This indicates that material,
yet porous, is water resistant.
2) Environmental Properties
Lime & Aggregate is not as readily available of a material as portland cement is. Using
these materials as binding agent does put harm on the environment due to material
extraction, however the end of life of this material could be reused and recycled.
3) Production
Concrete mixer was needed to complete test. This machine takes energy to use but
is unavoidable in production. Clamping of the moulds took a lot of physical energy
and requires two people for lifting material while wet.
4) Smell
Lime significantly helps neutralize the smell of the ammonia from the digestate.

3. Turn on concrete mixer and thoroughly mix.
4. Add in half the amount of water required. Mix
thoroughly until mixture begins to clump. Once this
happens add the rest of the amount of water required.
5. Throughout mixing, if material gets stuck to the
edges of the concrete mixer, scrap it away from the
edge and continue to mix until mixture is thoroughly
mixed.
6. Put mixture into mould and clamp until water seeps
through the bottom. If needed, drill holes into the
bottom areas around the mould to help reduce drying
time.

CONCLUSIONS
This test was done to see if it could be a structural block. This mixture happened to
be one of the best structurally due to the ratio of lime and aggregates to digestate
and water. However, it was weaker than the wet lime and aggregate test. This could
be because of the thickness and density differences between the two. Denser the
material the better it will preform structurally.
Further testing would be to add more water to the test to remove the clumps that
lime creates chemically when there isn’t enough moisutre in the mix. This could
result in denser stronger materials.

Note to Reader: Please follow this link to
view the video on material production and
material testing: https://www.youtube.com/
watch?v=emMUaVrlBp8&t=24s
It shows all the different phases of making the
materials and process of testing their strength.
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FITNESS TEST ANALYSIS
DRYING TIME

LONGEST TO SHORTEST

STRUCTURAL CAPACITY
WEAKEST TO STRONGEST

1) BIOPLASTIC
2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN
5) GORILLA GLUE

DRYING TIME ANALYSIS
96 hours to de-mould

6) WET CONCRETE BLOCK
7) DRY CONCRETE BLOCK
8) WET LIME AND AGGREGATE BLOCK

STRUCTURAL CAPACITY ANALYSIS
Was able to jump on material without
any signs of breakage.

9) DRY LIME AND AGGREGATE BLOCK
10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

THERMAL MASS HYPOTHESIS
WORST TO BEST THERMAL CAPACITY

COST ESTIMATION
LOW TO HIGH

1) BIOPLASTIC
2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN
5) GORILLA GLUE
6) WET CONCRETE BLOCK
7) DRY CONCRETE BLOCK

THERMAL MASS HYPOTHESIS
Due to density of material compared
to the other structural block tests,
this one would have one of the lower
thermal capacities.

8) WET LIME AND AGGREGATE BLOCK
9) DRY LIME AND AGGREGATE BLOCK
10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

COST ESTIMATION
Cost of materials was 3.73 pounds
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Tests reading from left to right are: Dry Portland Cement Mix, Wet Portland Cement
Mix, Dry Lime & Aggregate Mix, and Wet Lime & Aggregate Mix

These are images of all the structural block tests that were produced. They
have been lined up to show the difference in height that occured due to the
amount of water content added to the mixture. The more water content
added the more compressed the material becomes.

04. MATERIAL TESTING
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04. MATERIAL TESTING

LIME PANEL (WET) MIX
RECIPE
INGREDIENTS & TOOLS
Natural HydratedConfidential
Lime (NHL5): 4546.09 ml
Information
Water: 4546.09 ml
Fibrous Digestate: 36 litres
Iron Oxide: 50 ml
Mould: 70x30x10 cm
12L Bucket
Concrete Mixing Machine
Clamps

INSTRUCTIONS
Information
Confidential
1. Measure correct
amount of fibrous digestate. Toss
into concrete mixer.
2. Measure correct amount of NHL5 Lime and
Aggregate Blend and Iron Oxide. Toss into concrete
mixer.
3. Turn on concrete mixer and thoroughly mix.
4. Add in half the amount of water required. Mix
thoroughly until mixture begins to clump. Once this
happens add the rest of the amount of water required.
5. Throughout mixing, if material gets stuck to the
edges of the concrete mixer, scrap it away from the
edge and continue to mix until mixture is thoroughly
mixed.

THEORETICAL TESTS
1) Water Resistance
When material had arrived to London, you could notice the temperature change from
cold to hot created moisture to develop on the surface. This indicates that material,
yet porous, is water resistant.
2) Environmental Properties
Lime & Aggregate is not as readily available of a material as portland cement is. Using
these materials as binding agent does put harm on the environment due to material
extraction, however the end of life of this material could be reused and recycled.
3) Production
Concrete mixer was needed to complete test. This machine takes energy to use but
is unavoidable in production. Clamping of the moulds took a lot of physical energy
and requires two people for lifting material while wet.
4) Smell
Lime significantly helps neutralize the smell of the ammonia from the digestate.

CONCLUSIONS
This test was done to see if it could be a structural panel. This mixture was the
weakest panel test due to the ratio of lime and aggregates to digestate and water.
This could be because of the thickness and density differences between the two.
Denser the material the better it will preform structurally.
Further testing would be to add more water to the test to remove the clumps that
lime creates chemically when there isn’t enough moisutre in the mix. This could
result in denser stronger materials.

6. Put mixture into mould and clamp until water seeps
through the bottom. If needed, drill holes into the
bottom areas around the mould to help reduce drying
time.

Note to Reader: Please follow this link to
view the video on material production and
material testing: https://www.youtube.com/
watch?v=emMUaVrlBp8&t=24s
It shows all the different phases of making the
materials and process of testing their strength.
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04. MATERIAL TESTING

FITNESS TEST ANALYSIS
DRYING TIME

LONGEST TO SHORTEST

STRUCTURAL CAPACITY
WEAKEST TO STRONGEST

1) BIOPLASTIC
2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN
5) GORILLA GLUE
6) WET CONCRETE BLOCK

DRYING TIME ANALYSIS
96 hours to de-mould

7) DRY CONCRETE BLOCK
8) WET LIME AND AGGREGATE BLOCK
9) DRY LIME AND AGGREGATE BLOCK

STRUCTURAL CAPACITY ANALYSIS
Was able to stand on material while
it was horizontal, when standing on
vertically it cracked.

10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

THERMAL MASS HYPOTHESIS
WORST TO BEST THERMAL CAPACITY

COST ESTIMATION
LOW TO HIGH

1) BIOPLASTIC
2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN
5) GORILLA GLUE
6) WET CONCRETE BLOCK
7) DRY CONCRETE BLOCK
8) WET LIME AND AGGREGATE BLOCK
9) DRY LIME AND AGGREGATE BLOCK
10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

THERMAL MASS HYPOTHESIS
Due to density of material compared
to the other panel tests, this one
would have one of the better
thermal capacities.
COST ESTIMATION
Cost of materials was 3.73 pounds
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04. MATERIAL TESTING

LIME PANEL (DRY) MIX
RECIPE
INGREDIENTS & TOOLS
Information
Natural HydratedConfidential
Lime (NHL5): 2273.05 ml
Water: 2273.05 ml
Fibrous Digestate: 36 litres
Mould: 70x30x10 cm
12L Bucket
Concrete Mixing Machine
Clamps

INSTRUCTIONS
Information
Confidential
1. Measure correct
amount of fibrous digestate. Toss
into concrete mixer.

THEORETICAL TESTS
1) Water Resistance
When material had arrived to London, you could notice the temperature change from
cold to hot created moisture to develop on the surface. This indicates that material,
yet porous, is water resistant.
2) Environmental Properties
Lime is not as readily available of a material as portland cement is. Using these
materials as binding agent does put harm on the environment due to material
extraction, however the end of life of this material could be reused and recycled.
3) Production
Concrete mixer was needed to complete test. This machine takes energy to use but
is unavoidable in production. Clamping of the moulds took a lot of physical energy
and requires two people for lifting material while wet.

2. Measure correct amount of NHL5 Lime. Toss into
concrete mixer.

4) Smell

3. Turn on concrete mixer and thoroughly mix.

Lime significantly helps neutralize the smell of the ammonia from the digestate.

4. Add in half the amount of water required. Mix
thoroughly until mixture begins to clump. Once this
happens add the rest of the amount of water required.

CONCLUSIONS

5. Throughout mixing, if material gets stuck to the
edges of the concrete mixer, scrap it away from the
edge and continue to mix until mixture is thoroughly
mixed.
6. Put mixture into mould and clamp until water seeps
through the bottom. If needed, drill holes into the
bottom areas around the mould to help reduce drying
time.

This test was done to see if it could be a structural panel. This mixture was stronger
than the wet lime panel mix due to the ratio of lime to digestate and water. This could
be because of the thickness and density differences between the two. Denser the
material the better it will preform structurally. This test was mixed better, therefore
this could have created a denser mix compared to the other lime panel test.
Further testing would be to add more water to the test to remove the clumps that
lime creates chemically when there isn’t enough moisutre in the mix. This could
result in denser stronger materials.

Note to Reader: Please follow this link to
view the video on material production and
material testing: https://www.youtube.com/
watch?v=emMUaVrlBp8&t=24s
It shows all the different phases of making the
materials and process of testing their strength.
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04. MATERIAL TESTING

FITNESS TEST ANALYSIS
DRYING TIME

LONGEST TO SHORTEST

STRUCTURAL CAPACITY
WEAKEST TO STRONGEST

1) BIOPLASTIC
2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN
5) GORILLA GLUE
6) WET CONCRETE BLOCK
7) DRY CONCRETE BLOCK

DRYING TIME ANALYSIS
96 hours to de-mould

8) WET LIME AND AGGREGATE BLOCK
9) DRY LIME AND AGGREGATE BLOCK
10) WET LIME PANEL

STRUCTURAL CAPACITY ANALYSIS
Was able to stand on material while
it was horizontal, when standing on
vertically it cracked.

11) DRY LIME PANEL
12) DRY CONCRETE PANEL

THERMAL MASS HYPOTHESIS
WORST TO BEST THERMAL CAPACITY

COST ESTIMATION
LOW TO HIGH

1) BIOPLASTIC
2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN
5) GORILLA GLUE
6) WET CONCRETE BLOCK
7) DRY CONCRETE BLOCK
8) WET LIME AND AGGREGATE BLOCK
9) DRY LIME AND AGGREGATE BLOCK
10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

THERMAL MASS HYPOTHESIS
Due to density of material compared
to the other panel tests, this one
would have one of the better
thermal capacities.
COST ESTIMATION
Cost of materials was 3.73 pounds
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04. MATERIAL TESTING

CONCRETE PANEL (DRY) MIX
RECIPE
INGREDIENTS & TOOLS
Information
Confidential
Portland Cement:
3409.57 ml
Aggregate (Dark Blaenavon Blend): 3409.57 ml
Water: 1704.78 ml
Fibrous Digestate: 18 litres
Mould: 70x30x10 cm
12L Bucket
Concrete Mixing Machine
Clamps

INSTRUCTIONS
Information
Confidential
1. Measure correct
amount of fibrous digestate. Toss
into concrete mixer.
2. Measure correct amount of Portland Cement and
Aggregate Blend. Toss into concrete mixer.

THEORETICAL TESTS
1) Water Resistance
When material had arrived to London, you could notice the temperature change from
cold to hot created moisture to develop on the surface. This indicates that material,
yet porous, is water resistant.
2) Environmental Properties
Portland Cement is a readily available material as well as aggregate. Using these
materials as binding agent does put harm on the environment due to material
extraction, however the end of life of this material could be reused and recycled.
3) Production
Concrete mixer was needed to complete test. This machine takes energy to use but
is unavoidable in production. Clamping of the moulds took a lot of physical energy
and requires two people for lifting material while wet.
4) Smell
Portland cement reduces the smell of the ammonia from the digestate.

3. Turn on concrete mixer and thoroughly mix.
4. Add in half the amount of water required. Mix
thoroughly until mixture begins to clump. Once this
happens add the rest of the amount of water required.
5. Throughout mixing, if material gets stuck to the
edges of the concrete mixer, scrap it away from the
edge and continue to mix until mixture is thoroughly
mixed.
6. Put mixture into mould and clamp until water seeps
through the bottom. If needed, drill holes into the
bottom areas around the mould to help reduce drying
time.

CONCLUSIONS
This test was done to see if it could be a structural panel. This mixture was the
strongest panel which is due to the ratio of portland cement to digestate and water.
This could be because of the thickness and density differences between the two.
Denser the material the better it will preform structurally. This test was mixed better,
therefore this could have created a denser mix compared to the other lime panel
test. Considering this was the thinest panel out of the three panel tests, it says a lot
about how well the binding agents needs to be mixed with the fibrous digestate.
Further testing would be to add more water to the test to remove the clumps that
portland cement creates chemically when there isn’t enough moisutre in the mix.
This could result in denser stronger materials.

Note to Reader: Please follow this link to
view the video on material production and
material testing: https://www.youtube.com/
watch?v=emMUaVrlBp8&t=24s
It shows all the different phases of making the
materials and process of testing their strength.
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04. MATERIAL TESTING

FITNESS TEST ANALYSIS
DRYING TIME

LONGEST TO SHORTEST

STRUCTURAL CAPACITY
WEAKEST TO STRONGEST

1) BIOPLASTIC
2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN
5) GORILLA GLUE
6) WET CONCRETE BLOCK
7) DRY CONCRETE BLOCK
8) WET LIME AND AGGREGATE BLOCK

DRYING TIME ANALYSIS
96 hours to de-mould

9) DRY LIME AND AGGREGATE BLOCK
10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

THERMAL MASS HYPOTHESIS
WORST TO BEST THERMAL CAPACITY

COST ESTIMATION

STRUCTURAL CAPACITY ANALYSIS
Was able to stand on material while
it was horizontal, when standing on
vertically it cracked.

LOW TO HIGH

1) BIOPLASTIC
2) BOILED LINSEED OIL
3) PICTURE VARNISH
4) 2-PART RESIN
5) GORILLA GLUE
6) WET CONCRETE BLOCK
7) DRY CONCRETE BLOCK
8) WET LIME AND AGGREGATE BLOCK
9) DRY LIME AND AGGREGATE BLOCK
10) WET LIME PANEL
11) DRY LIME PANEL
12) DRY CONCRETE PANEL

THERMAL MASS HYPOTHESIS
Due to density of material compared
to the other panel tests, this one
would have one of the better
thermal capacities.
COST ESTIMATION
Cost of materials was 5.13 pounds
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MIXING & MAKING
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With the time that I had up at Studio Morrison to produce these material tests, I had to take into consideration
the time it would take for the materials to dry for me to be able to de-mould and document before having to
leave. By adding as little water as possible in order to ensure this could happen, this constraint created the lime
mixtures in particular to clump together. If more time had been available more water could have been added to
smooth out the lime mixtures to create a stronger bond to the fibrous digestate.

These are images of the structural block moulds before and after they had been filled with material. Bottom
image shows how clamps could eventually be taken off by drilling holes into the side of the mould to keep the
melamine board inside in place. Throughout drying time it was important that the clamps were tightened every
30 mins to ensure it was as tight as possible.
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CHAPTER SUMMARY
This is the hardest chapter to summarize. Mainly due to the fact that there are many conclusions that have been
drawn from each test. What was learned most through material testing was how the fibrous digestate binds to
all the different materials and how it preforms not only structurally with each test but just as importantly how
it potentially works thermally. The analysis of this is shown in the sectional details and diagrams in the following
chapter.
Moving forward, rammed earth would be a great option to test in the future. The tests done proved that this
material works best in compressive strength which is a qaulity of rammed earth. Rammed earth is also a great
thermal insulator which is explored in various ways in the following chapter.
Not only do these materials have the power to be used as structural blocks and bricks, but there is great potential
to test and see how it could be carried out through rammed earth construction as well.
Note to Reader: to see how material testing for rammed earth would happen in future tests please refer to
diagrams in appendix for this section of the book.
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05. APPLICATION

Part 5: Application
Reflection of Successes and Failures
Objective 3
Potential Site: Material Production
From Material Distribution on Dairy
Farm to Material Production at
Brickyard Manufacturer
Potential Site: Material Application
From Material Distribution on
Dairy Farm to Material Application
& Performance in a Low-Rise
Residential House
Social Experiments:
Prototypes & Tests
Chapter Summary

What was learned most through material testing was how the fibrous digestate binds to all the different materials
and how it preforms not only structurally with each test but just as importantly how it potentially works thermally.
The analysis of this is explored through sectional wall details and diagrams in this chapter.
Moving forward, rammed earth would be a great option to test in the future. The tests done proved that this
material works best in compressive strength which is a qaulity of rammed earth. Rammed earth is also a great
thermal insulator which is explored in various ways in this chapter.
The site chosen for supplying fibrous digestate is Wyke Farms located near the small town of Bruton. This is
illustrated in maps at different scale. This is an interesting context because this is a very expensive and high
end area to live. The term, ‘nimbyism’, is a perfect description for the environment of the town. Introducing such
a controverisal material construction to this town could raise a few eyebrows, setting the scene for the future
design proposal
Note to Reader: to see how material testing for rammed earth would happen in future tests please refer to
diagrams in appendix for this section of the book.

...What to create with waste?
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Within each of these 9 values, they have their own set of stakeholders. These stakeholders are people that are
either behind the scenes of the project, involved in the manufacturing, making decisions about design, marketing
the product, consuming the product, adapting and maintaining the product overtime.
The design of the product will be a system that is partially made at the manufacturing site, and the rest would be
easily constructed at the site of the future project. It has multiple applications, such as new-build construction,
exterior and interior renovations and additions for low-rise construction (one or two storey’s), and wall infill. The
long-term objective of this would provide further services, applications and manufacturing sites to help satisfy the
supply and demand for the benefit of our clients and companies needs.

CONVERSATION CHANGE

MASS SUPPLY

MASS DEMAND

1) Financially Viable
2) Aesthetically Pleasing
3) Structurally Sound
4) Environmentally Sound
5) Weathering Condition
6) Mass Supply
7) Mass Demand
8) Conversation Change
9) Social Acceptance

ENVRIONMENTALLY SOUND

In order to develop a successful material to reach the greatest audience and many local communities that can
apply and use this product, there are certain factors that need to be taken into consideration in the design
development. Listed here are 9 values that should be inherent throughout the process and fruition of the product:

FINANCIALLY VIABLE

Encourage local communities that it’s possible to construct their own businesses and homes within a reasonable
and healthy budget by empowering them with a self-build system and sustainable material that works long term.
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SOCIAL ACCEPTANCE

OBJECTIVE 3

WEATHERING CONDITION
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AESTHETICALLY PLEASING
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Value System
What process would the product have to go through to become a widely used building material?

Value System

What process would it have to go through to become a widely used
building material?
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POTENTIAL SITE
M AT E R I A L P R O D U C T I O N
From Material Distribution on Dairy Farm to
Material Production at Brickyard Manufacturer
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Arla Foods
dairy farm

POTENTIAL SITE FOR PRODUCT DEVELOPMENT
H.G. Matthews
The Brickworks, Bellingdon HP5 2UR, United Kingdom
+44 1494 758212
https://www.hgmatthews.com/

18 mins

vehicular travel time

H.G. Matthews was founded in 1962 and since then has undergone many changes. After many visits to the
brickyard, first touring the yard with administration, and future visits with part owner, Traff Matthews, I was able
to learn about their entire company and the ins and outs of the brickyard. These visits were very beneficial to
learning how to make bricks by hand in a tradition way, how long it takes to make them, and the equipment &
materials needed to do so. H. G. Matthews is a great example for how companies are transforming to become
more environmentally conscious every day.
Proposed Distribution for Material:
The fibrous digestate could be supplied from Arla Foods Dairy Farm as they have current AD plants operating on
their farm from all the waste produced from the milk and cows manure and slurry. This fibrous digestate could be
supplied to H.G. Matthews for creating bricks, blocks, panels, and creating pre-mixed packages for rammed earth
construction.

H.G.Matthews

brickworks

Proposed New Build at H.G. Matthews for Material Production:
All new materials would be made at a proposed new build at H.G. Matthews which plans, sections, sketches and
renders can be found in the following pages.
NOTE: Many site visits and discussions with the staff and owners of the brickyard based on the design of the new
build occurred to inform the best possible efficiency of the layout of the building and how it responds to their
existing brickyard layout.

Note to Reader: Please view the files by following this link for more
information on multiple site visits to H.G. Matthews to document their
brickyard: https://www.sarahdevries.co/ets5

Aerial image of Arla Foods taken from: https://www.arlafoods.ca/

Image of producing hand-made bricks taken from: https://www.hgmatthews.com/
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Lessons Learned from Visiting Brickyard:
Brick-making is an energy intensive industry with large amounts of heat needed
for drying and firing, which is not the most considerate to our environment. It is
impossible to get away from this heat requirement so the answer is to use renewable
sources of energy rather than fossil fuels. Wood provides the perfect solution as a
fully renewable, locally available source of energy.
Brick-making can also impact the landscape through clay extraction. Where our clay
pits are not simply returned to agriculture H. G. Matthew’s seek to turn this impact
to an advantage through the creation of ponds or wooded dells which actually enrich
the environment in the longer term.
Each year around a million litres of rainwater a year are collected from the roofs of
the brickworks buildings and used in the brick making process.
To date they have planted over 25 acres of native species, broad leafed woodland,
under the supervision of the Chiltern Woodlands Project on land previously dug for
clay. They use the trees fallen from their land and Chiltern woodland, where they are
chipped on site to service the each of the 10 biomass boilers they have on site. These
boilers save 360,000 litres of diesel a year, saving significant amounts of carbon.
Their biomass driers and wood fired kilns make us a significant user of wood. The
forestry industry is of course strictly controlled, all felling is licensed by the Forestry
Commission and they only source wood from woodland where trees will be replanted.

CONTEXT AERIAL OF H.G. MATTHEWS BRICKYARD
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SITE AERIAL OF H.G. MATTHEWS BRICKYARD

SITE AERIAL OF H.G. MATTHEWS BRICKYARD WITH PROPOSED NEW BUILD

Highlighted here in white is the area where the new build would be placed after much discussion with staff at H.G. Matthews.

Proposed Distribution for Material:
The fibrous digestate could be supplied from Arla Foods Dairy Farm as they have current AD
plants operating on their farm from all the waste produced from the milk and cows manure
and slurry. This fibrous digestate could be supplied to H.G. Matthews for creating bricks, blocks,
panels, and creating pre-mixed packages for rammed earth construction.
Proposed New Build at H.G. Matthews for Material Production:
All new materials would be made at a proposed new build at H.G. Matthews which plans,
sections, sketches and renders can be found in the following pages.
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EXISTING BRICKYARD

NEW PROPOSED FACILITY

NEW & EXISTING SITE ROOF PLAN
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This plan shows how the production would occur. Reading left to right, it would
start with making the bricks, storage space for bricks ready to be placed in drying
rooms before being placed in kilns, storage for bricks after they have been in the
kiln and ready to be shipped away. The last space is administration, with facilities
for the staff above. Behind is a workshop and exhibition space where the public
can see the more niche products produced on site.
Referencing Ricardo Porro’s School of Modern Dance design and projects alike
gave ideas for such details for the roof and how each interval could connect with
a clean cap. But using Vierendeel trusses to allow for expansive open space plan
(which is why there are very little columns), therefore capped in steel.

NEW & EXISTING SECOND FLOOR PLAN
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This plan shows how the production would occur. Reading left to right, it would
start with making the bricks, storage space for bricks ready to be placed in drying
rooms before being placed in kilns, storage for bricks after they have been in the
kiln and ready to be shipped away. The last space is administration, with facilities
for the staff above. Behind is a workshop and exhibition space where the public
can see the more niche products produced on site.
Referencing Ricardo Porro’s School of Modern Dance design and projects alike
gave ideas for such details for the roof and how each interval could connect with
a clean cap. But using Vierendeel trusses to allow for expansive open space plan
(which is why there are very little columns), therefore capped in steel.

NEW & EXISTING GROUND FLOOR PLAN
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NORTH ELEVATION OF NEW BUILD

Drawing above: 841 x 400mm Graphite and Colour Pencil on watercolour paper.
This elevation is identical on the south side of the building. It was inspired by the design of the kilns on the
existing brickyard. Each kiln consists of 14 tunnels, 7 on either side. Bricks are strategically placed inside the kiln
to create an arch around these tunnels to let air flow throughout the kiln while it is being fired. This also inspired
the design of the brick facade to mimic how the bricks would be stacked in the kiln.
The stacking of these bricks creates such a unique pattern which I began to play with while referencing Antonio
Gaudi’s Bellguard Tower attic design. This ultimately led me to this façade pattern.

Images of inside the kilns at H.G. Matthews
Left to right respectively: image of bricks that have been fired, image of
bricks that have yet to be fired, and the tunnels were the heat is let in to
fire the bricks.
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EAST-WEST SECTION OF NEW PROPOSED FACILITY
Referencing Ricardo Porro’s School of Modern Dance design and projects alike gave ideas for such
details for the roof and how each interval could connect with a clean cap. But using Vierendeel
trusses to allow for expansive open space plan, therefore capped in steel.
This section shows how the production would occur. Reading left to right, it would start with
making the bricks, storage space for bricks ready to be placed in drying rooms before being
placed in kilns, storage for bricks after they have been in the kiln and ready to be shipped away.
The last space is administration, with facilities for the staff above. Behind is a workshop and
exhibition space where the public can see the more niche products produced on site.
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Exterior view of New Proposed Facility for Material Production
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Interior view of New Proposed Facility for Material Production
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POTENTIAL SITE
M AT E R I A L A P P L I C AT I O N
From Material Distribution on Dairy Farm to
Material Application & Performance in a Low-Rise Residential House
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POTENTIAL SITE FOR PRODUCT DISTRIBUTION
Wyke Farms
White House Farm, Bruton BA10 0PU
01749 812424
https://wykefarms.com/

Near the town Bruton, is the location of Wyke Farms, they are cheddar cheese makers that have been making
cheese for over 150 years in a traditional sense using wooden maturing boxes.
Wyke Farms has been chosen as potential site for product development for several reasons. In 2013 the family
farm installed three massive anaerobic digestors to break down organic waste into biogas fuel for electricity. They
use the by-products of cheese-making, farmyard manure and waste from other producers, such as apple pomace
from local cider mills, to produce electricity and gas. These waste products are kept separate, allowing for a pure
digestate made from cow manure and slurry. The electricity powers the cheese making and the biogas powers the
grid which in turn feed the boilers and the local town.
Another reason why they are a targeted as site for digestate supply is due to the fact that their integrated green
approach runs through renewable energy, water recovery, green farming and transport and all of their energy is
generated from solar and biogas. Due to the success of their initial digestors, Wyke Farms increased the number
of units in 2016 allowing them to export energy.

Image of the anaerobic digestors at Wyke Farms.
Image source: https://www.bbc.co.uk/news/uk-england-somerset-35482839

In the following pages, an analysis has been done as Wyke Farms being the
site of production development:
1) Viewing it within a large context to understand how many buildings this
site could potentially service.
2) Choosing an area within that larger context radius to study what types of
buildings within a single street can be serviced. Thirdly, zooming in further
to that street for further analysis of different typologies that could be
targeted clients.

Aerial image of Wyke Farms taken from Google Maps.
Facts in text sourced from: http://www.intosomerset.co.uk/case-studies/wyke-farms-anaerobic-biodigester
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BRUTON
Population: 2,945
Established: 7th Century
Education Boom: 1950s
Regular Transport: 2015

Images Source: https://www.telegraph.co.uk/finance/property/11496477/The-Somerset-town-that-celebrities-just-cant-keep-away-from.html
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SOCIAL EXPERIMENTS:
PROTOTYPES & TESTS
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...What’s next?
The main take-away from this project was the realization of the multitude of building material applications proven
through material testing. By consulting material experts and learning construction techniques and methodologies from
professionals it truly helped inform the possibilities moving forward and which tests to pursue.
Tests to be pursued in the future are varying ratios and dimensions of constructing structural blocks, adobe bricks, and
rammed earth construction. Other tests that could be pursued in the future with financial aid would be how this material
could perform as a thin panel for a suitable application that would be determined through those tests.
The following pages are images of the future material applications that could be. These images are visions of what a
few of the many potential applications could be, whether they have a function or they are material prototypes that have
been adapted overtime to another purpose.

Shelters from the sun on the coast of England
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Material prototyping and testing in parks, transformed into animal sanctuaries

Material prototyping and testing in public square, transformed into playground and site of leisure for locals
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CONCLUSION
Research Question: To help alleviate environmental and economic stresses, how can a low-rise self-build
construction that is both adaptable and maintainable, be created by utilizing fibrous digestate from anaerobic
digestors, specifically using animal and food waste? Through testing fibrous digestate by mixing with various
binding agents, how can a suitable material application be developed to be constructed and produced, in a
localized systematic way within the UK?
This project set out to help alleviate environmental and economic stresses by the continued development of a
self-build and low-rise construction that is both adaptable and maintainable, through the utilization of digestate
from anaerobic digestors, specifically using cow manure/slurry & food waste, in a localized systematic way within
the UK market.
Buildings today are constructed from materials that are produced and transported from all over the world, adding
to the global carbon dioxide emissions. By using resources, such as digestate, from local farms and AD plants,
materials can be distributed by using a much lower carbon footprint than many other materials used today.
Focusing to encourage intensive dairy and cattle farmers with proper waste disposal, to help remedy the struggle
and lack of support in this area which has proven grave consequences environmentally. Proper disposal of waste
at an anaerobic digestion plant turns waste into biogas fuel to help generate electricity for neighbouring bodies.
Since there is such a mass supply and demand for the disposal of manure, it allows the creation of building
products to be highly affordable for all budgets of low-rise building projects. Furthermore, due to the local
systematic strategies set in place of the materials, it significantly reduces the amount of transportation needed
and therefore cutting the greenhouse gas emissions by drastic measures.
Failures and successes were analyzed through the objective lenses of trying to inspire the reduction of extraction
of raw materials, promotion of proper disposal of animal and food waste, and encouraging local communities
that it’s possible to self-build by using materials and construction techniques experimented and explored both
theoretically and physically.
The main take-away from this project was the realization of the multitude of building material applications proven
through material testing. By consulting material experts and learning construction techniques and methodologies
from professionals it truly helped inform the possibilities moving forward and which tests to pursue. Tests to
be pursued in the future are varying ratios and dimensions of constructing structural blocks, adobe bricks, and
rammed earth construction. Other tests that could be pursued in the future with financial aid would be how this
material could perform as a thin panel for a suitable application that would be determined through those tests.
The fact that using fibrous digestate that is made out of both animal and food waste, could open new doors
on how waste is collected to become a building material that can be highly economical and have a low carbon
footprint through a strategic system to help people located their local AD plants for material supply. It is very
exciting that the thermal mass capacity and environmental properties are positive to help bring about change in
how we build with a sustainable conscious. This project strived to find answers, through failures and successes, in
order to fully understand the best applications of this material and celebrate its ubiquitous ways, so that someday
it can influence and inspire forward thinking for future practices, students, and educators alike.
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Livestock account for 20% of the total terrestrial animal biomass,
and occupies a cast area that was once habitat for wildlife

Water pollution and ammonia emissions from industrial livestock production,
compromise biodiversity often drastically in the case of aquatic life

The fact that livestock is industrializing, in a number of concentrated locations,
separates the sector from its land base and interrupts the nutrient flows
between land and livestock, creating problems of depletion at the sources and
porblems of animal wastes being deposited into waterways instead of back on
the land

Grazing and hoof action have negative impacts on water infiltration. Livestock play an
important role on water quality through the release of nutrients, pathogens and other
substances into waterways

BIODIVERSITY

Pollution, as well as over fishing for feed, has had an increasinly
large impact on the biodiversity of marine ecosystems

Considerable amounts of water are used
for processing meat and dairy products
Livestock waste emits 30 million tonnes of
ammonia. Focusing on areas of high concentration
of animals where ammonia is a factor in the
occurence of acid rain, which affects biodiversity.
Overall, livestock contribute to 68% to total
ammonia emissions

CONSUMER OF PRODUCT

Growing at a faster rate than GDP of agriculture, due
to the decrease of overal GDP

Deforestation for Feedcrop
and Grazing

Land and Air Pollution

70% of all agricultural land and 30% of
ice-free terrestrial surface on earth;
26% of which is used for grazing

Livestock is often the only economic
activity accessibe to poor people in
developing countries

In developed countries, forest areas
are growing as marginal pastures are
afforested

In Latin America there is a rapid
increase of pastures in some of the
most vulnerable and valuable
ecosystems with 0.4% of forest
lost annually

Developing countries are rapidly
expanding their feed crop production notably maize and soybean in South
America, Brazil - at extreme expense
of tropical forests

Sanitary concerns are of upmost importance to
human and animal health, becoming major driving
forces for structural change in the livestock sector

77 million tonnes of protein
contained in feed stuff that could be
used for human nutrition

FOOD SECURITY
Provide a buffer in national and international
food supplies that can be drawn from in
case of food shortages

Livestock supply 58 million tonnes of
protein contained in food products

Animal products have higher nutritive value
than the feed provided to animals

Transportation Cost

EXCESS AMOUNTS OF
COW DUNG

Developing countries - concerns of small producers
weigh heavily providing cheap supplies to urban
consumers
High-Income countries - concerns for food and
envrionmental safety override producer interests,
even though governments continue to support and
protect domestic production

Feed crop and
agricultural produciton

Fines are cheaper than
building new storage facilities

FARMERS

Satisfying Supply and
Demand market

Poor and malnourished welcome the addition to diets,
suffering from rotein and vitamin deficiencies and lack of
important minerals

POLICY MAKERS
Limited reinforcement

Livelihood comparisons in
developed and developing
countries

Fertilizer production

No consistent
‘strategic approach’
“Business as usual”
mentality

NUTRITION & HEALTH

Livestock are susceptible to pathogens and can transmit disease
from animal to human (zoonoses) such as tuberculosis, brucellosis
and many internal parasitic diseases. Recent cases of avian flu, Nipah
virus, and Creute Feldt-Jakob disease

ENVRIONMENT

Livestock detract more from the total food
supply than they provide
Consume more human edible protein than
they produce

20% of all grassland is degraded and
reversible in some parts

Biodiversity depletion

It can be an expression of poverty but also an
expression of wealth due to socio-cultural roles that
livestock continues to play in many societies

In the Amazon, cattle ranching is the
biggest reason for deforestation

Livestock represent the largest
anthropogenic land uses

Positive and Negative health
concerns depending on region of
the world

Power Generated to
produce in facilities

SOCIAL IMPORTANCE

20% of the world’s pastures and
rangeland have been degraded

ENVRIONMENT
LAND

‘Out of sight, out of mind”
Mentality

Livestock provide livelihood support to 987 million
poor people living in rural areas

LIVESTOCK
SECTOR

Intensive food production is often
associated with various forms of
land degration, including soil erosion
and water pollution

WATER

Livestock provide inputs of primary measure to the
agricultural and food industry. Therefore there is an
increasing value to these raw materials

Carbon dioxide is released from previously
forested areas converted into grazing land, or
land for feed. It’s also release from land
degradation, transportation, fossil fuel
consumption for operation needs and fertilizers.
Chemical fertilizers contribute to nitrous oxide
emissions.

Religious and Cultural Implications
Can be viewed as a sign of poverty
or status of wealth

Growth rate of 2.2% in the past decade

ECONOMIC IMPORTANCE

ENVRIONMENT
AIR & CLIMATE

8% of global human usage for
entire industry

Livestock land uses and management
(especially of animal wastes) appear to be
the main mechanism through which
livestock contribute to the water depletion
process

WATER

1.4% of the world’s GDP
(Gross Domestic Product)

18% of Global Warming Effect - which is
worse than the transportaiton sector

9% of carbon dioxide emissions, 37% of methane,
and 65% of nitrous oxide. Greenhouse gases are
emitted from livestock waste.

In developed countries, pesticides, antibiotics,
nitrogen and phosphorous land make its way into
fresh water resources

Water used by the livestock sector is 8% of
global human use - 7% of this is for irrigation of
feed crop

Pollutants are leaking into water
supply and causing spread of
pathogens and disease

Illegal dispoal of waste

Wealthy areas with large intakes of meat products suffer
from non-communicable diseases such as cardio-vascular
disease, diabetes and certain types of cancer

STAKEHOLDER DIAGRAM OF LIVESTOCK SECTOR

STAKEHOLDERS RELATED TO EXCESS AMOUNT OF COW DUNG
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EXPERIMENT: COW PAT 1:1

Images left to right respectively: 1) Aerial view of cow pat experiment. Cow length
from front and rear hooves, average of 5 ft. 2) Measuring the distance of a dairy cow,
the white tape to represent the hooves. 3) Experimenting with mud, terracotta and
kaolin clay and water to produce a fake 1:1 cowpat.
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Mail - Sarah Ashley Devries - Outlook

Mail - Sarah Ashley Devries - Outlook

RE: Fibre Haulage

Re: Fibre Haulage

Bridget <bridget@gpbiotec.co.uk>

Sarah Ashley Devries <Sarah.Devries@aaschool.ac.uk>

To: Sarah Ashley Devries <Sarah.Devries@aaschool.ac.uk>

To: Bridget <bridget@gpbiotec.co.uk>

Wed 2020-01-29 6:52 AM

Wed 2020-02-12 4:29 AM

Hi Sarah,

Hi Bridget,

I am well. Trust you are well.

Good to know, thanks for passing that along. I apologize to bother you about this again, but sending 10
tonnes is now alright with my tutor so if sending 5 is more work then we can s ck with the original plan.

Not a problem. We are pleased to have been of help.

Best,
Sarah

The commercial waste used in the digesters are animal gut content, animal blood, cow and sheep slurry,
vegetable peelings, undercro�, whey and wastewater.
Por ons of these are mixed with farm derived feedstock such as maize which is produced by the site’s farm.

From: Bridget <bridget@gpbiotec.co.uk>
Sent: January 29, 2020 6:48 AM
To: Sarah Ashley Devries <Sarah.Devries@aaschool.ac.uk>
Subject: RE: Fibre Haulage

In terms of the composi on of the digester feed, it is approximately 50% of commercial waste against 50% farm
derived feedstock. This is based on volume
Hard to advise on pricing as the biofer liser we produce is used on the site’s aﬃliated farm and farms managed by
us.

Alright Sarah
I’ve passed that on. I’ve asked about the delivery me, I will let you know once I know. They also have your
contact details.

If you know of any farmers who use it, check if they could give you an idea as regards pricing. I know some
farmers get it for free.

Thanks

All the best. Let me know if anything else.

Bridget
From: Sarah Ashley Devries <Sarah.Devries@aaschool.ac.uk>
Sent: 28 January 2020 16:23
To: Bridget <bridget@gpbiotec.co.uk>
Subject: Re: Fibre Haulage

Bridget

Parameter

Results

Units

pH

9.02

pH units

Oven Dry Matter
Organic dry matter (Volatile Solid, VS)
Total Nitrogen(N)
Ammoniacal Nitrogen (NH4-N)
Total Phosphorus(P)
Total Potassium (K)
Total Magnesium (Mg)
Total Sulphur(S)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Lead (Pb)
Mercury (Hg)
Nickel (Ni)
Zinc (Zn)
Volatile Fatty Acids
Volatile Fatty Acids
Physical contaminant (Total) >2mm
Stones >5mm

28.78
27.13
0.740
3229
1194
882
197
1108
<0.1
1.32
5.69
0.21
<0.1
0.56
28.34
<0.02
2.02
<0.01
<0.01

%m/m
%m/m
%m/m
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
g COD/g VS
g COD/kg
Kg/t
Kg/t

Analysis of Digestate Fibre ( Chemistry)

From: Sarah Ashley Devries <Sarah.Devries@aaschool.ac.uk>
Sent: 09 February 2020 15:28
To: Bridget <bridget@gpbiotec.co.uk>
Subject: Re: Fibre Haulage

Hi Bridget,
Thanks for sending the data it's very appreciated.
Would it be possible to only ﬁll the trailer with 5 tonnes instead of 10 as I will now have to ﬁll the bags
myself which will take quite a while? Also would it be possible to dump on a speciﬁc area as he would
appreciate it being placed on a tarp? I'm sorry I wish this process could have been easier, thank you for
bearing with me.

Hi Bridget,
I wanted to thank you and those who helped organize the shipment for me as it is deeply appreciated. If
you could pass on my thanks that would be great!

Hope you feel be er soon,
Sarah

I was wondering if you have the percentages of what kind of food waste and animal waste is in the
product and if that informa on is available? I would be extremely useful to be er understand what kind
of material I'm working with to ﬁnd the proper binding agent. Would it also be possible to help me
understand how much per tonne this kind of material would cost farmers as a biofer lizer?

From: Bridget <bridget@gpbiotec.co.uk>
Sent: January 29, 2020 6:05 AM
To: Sarah Ashley Devries <Sarah.Devries@aaschool.ac.uk>
Subject: Fibre Haulage

Hope you are doing well.

Hi Sarah,

Thanks again,
Sarah

https://outlook.office365.com/mail/search/id/AAQkAGQ2MGI1MWFkLTAxOTQtNGUwNy05NzIzLWQyZjI1M2RkNjJkMAAQAOkK%2FRApSUhYoryCuh…
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Mail - Sarah Ashley Devries - Outlook

Mail - Sarah Ashley Devries - Outlook

From: Bridget <bridget@gpbiotec.co.uk>
Sent: February 3, 2020 11:14 PM
To: Sarah Ashley Devries <Sarah.Devries@aaschool.ac.uk>
Subject: RE: Fibre Haulage

Sorry we are not able to transport the ﬁbres in bags but will be able to transport in a trailer to the address you
provided. The drivers will deliver the bags

Hi Sarah,

Find the data a ached. Let me know if anything else.

I trust you are well.

Regards,

Thanks for oﬀering to acknowledge us but we are not really set up for bagging and had to put in quite a lot to
organise this for you. I’m sure you will appreciate that we are not asking for payment for the product.

Bridget

Our drivers will be there some me today. You are okay to pay them a�er they have delivered the ﬁbre.

Bridget Kumi
Environmental Systems Manager

I’ve had conﬁrma on that we could do this Friday.

Let me know if anything else.

GP Biotec
Great Porthamel Farm,
Talgarth,
LD3 0DL
T: 07507547283

Regards
Bridget
From: Sarah Ashley Devries <Sarah.Devries@aaschool.ac.uk>
Sent: 31 January 2020 12:31
To: Bridget <bridget@gpbiotec.co.uk>
Subject: Re: Fibre Haulage

The informa on contained in this email is strictly conﬁden al and for the use of the addressee only. No ce is hereby given
that any disclosure, use or copying of the informa on by anyone other than the intended recipient is prohibited and may
be illegal. If you have received this message in error please no fy the sender immediately by return email. The sender
does not accept liability for any damage sustained as a result of so�ware viruses and advises that you carry out your own
virus checks before opening any a achment.

Hi Bridget,
I'm doing well, thanks. I would appreciate if you could bag it for me. We have a forklift to handle the
bags. How do I go about payment?
At the end of our school year we put on a highly established exhibition that is viewed by hundreds of
people from all kinds of fields and backgrounds. Would it be possible to reduce the price at all in
exchange for GP Biotec to be advertised in my works, as it would be great publicity for the company?
Let me know if this is something of interest.

SECURITY, PRIVACY & CONFIDENTIALITY NOTICE

Hope you are well,
Sarah

Information contained in this email and any attachment is confidential and is intended for the addressee only. If you are not the intended recipient please
notify us immediately. Any dissemination, distribution, copying or use of this information without our prior consent is strictly prohibited. The views of the

Get Outlook for Android

ANALYSIS OF DIGESTATE FIBRE (CHEMISTRY)

author may not necessarily reflect those of the Architectural Association (Inc.). If you have any doubts as to the authenticity of this e-mail please contact
either the sender or the Architectural Association directly. You should carry out your own virus checks before opening any attachment. The Architectural
Association (Inc.) is not liable for any damage that you suffer as a result of software viruses. The Architectural Association, Inc. is a Registered Charity

From: Bridget <bridget@gpbiotec.co.uk>
Sent: Thursday, January 30, 2020 2:34:43 PM
To: Sarah Ashley Devries <Sarah.Devries@aaschool.ac.uk>
Subject: Fibre Haulage

Incorporated as a Company limited by guarantee. Registered in England No. 171402. Registered office: 36 Bedford Square, London, WC1B 3ES

Hi Sarah,
How are you doing? Just to conﬁrm we are able to transport the ﬁbre to the given address on Monday.
Also we could ﬁll the ﬁbre in the tonne bags you’ve provided at a cost of £50, making the total cost to you £150.
You will need something like a forkli� or telehandler to unload it at your end.
Let me know if you have the necessary tools and you will prefer it bagged.

https://outlook.office365.com/mail/search/id/AAQkAGQ2MGI1MWFkLTAxOTQtNGUwNy05NzIzLWQyZjI1M2RkNjJkMAAQAOkK%2FRApSUhYoryCuh…
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Re: digestate research - Architectural Association

Mail - Sarah Ashley Devries - Outlook

From: Sarah Ashley Devries <Sarah.Devries@aaschool.ac.uk>
Sent: 24 January 2020 13:57
To: Bridget <bridget@gpbiotec.co.uk>
Subject: Re: digestate research - Architectural Associa on

Sarah Ashley Devries <Sarah.Devries@aaschool.ac.uk>
Tue 2020-01-28 4:46 AM

To: Bridget <bridget@gpbiotec.co.uk>

Hi Bridget,

Hi Bridget,
The bags should get to you by this Wednesday, most likely will come in an Amazon package of sorts.
Thanks in advance for sending the data, looking forward to it! Many thanks for helping me with this
process.
Best,
Sarah

Thanks for getting back to me. Before I confirm what time would you be able to confirm how this would
be transported? My tutor, Ivan, can take this material if it's transported in 1x1x1 m tonne bulk bags (In
order to move this material around his yard easily with his forklift, while keeping the neighbours happier
with a clean space as some of its shared). If not I'll have to arrange a different location for it to be
transported which would create quite a lot of difficulty on my end. Let me know if this would be too much
to ask for it to be in bags.
All the best,
Sarah

From: Bridget <bridget@gpbiotec.co.uk>
Sent: January 28, 2020 3:40 AM
To: Sarah Ashley Devries <Sarah.Devries@aaschool.ac.uk>
Subject: RE: digestate research - Architectural Associa on

Get Outlook for Android

Hi Sarah,
The address is
GP Biotec,
Great Porthamel,
Talgarth,
Powys
LD3 0DL
We don’t tend to have that problem with parcels so I’m quite hopeful it will get here safe.
Alright, once I receive the bags, I will conﬁrm to you when we can transport it to you.

From: Bridget <bridget@gpbiotec.co.uk>
Sent: Friday, January 24, 2020 8:37:09 AM
To: Sarah Ashley Devries <Sarah.Devries@aaschool.ac.uk>
Subject: RE: digestate research - Architectural Associa on
Hello Sarah,
Trust you are well.
So how soon would you want this? We could haul up to 10 tonnes of ﬁbre to that address for £100. You will have
the ﬁbre for free.
If you let me know I will conﬁrm when this could possibly be.

I shall send the data soon.

Kind regards,

Regards

Bridget

Bridget

From: Sarah Ashley Devries <Sarah.Devries@aaschool.ac.uk>
Sent: 23 January 2020 14:14
To: Bridget <bridget@gpbiotec.co.uk>
Subject: Re: digestate research - Architectural Associa on

From: Sarah Ashley Devries <Sarah.Devries@aaschool.ac.uk>
Sent: 27 January 2020 13:13
To: Bridget <bridget@gpbiotec.co.uk>
Subject: Re: digestate research - Architectural Associa on

Hello Bridget,
It was great to meet you the other day! Thanks for taking the me to speak with me and show me the
site as it was very helpful for my understanding and research.

Hi Bridget,
That's good news! Would you be able to conﬁrm the correct address to send them to? The address on
the website and google maps sends me to the farm next door unfortunately. I would hate for the bags to
end up in the wrong loca on.
https://outlook.office365.com/mail/search/id/AAQkAGQ2MGI1MWFkLTAxOTQtNGUwNy05NzIzLWQyZjI1M2RkNjJkMAAQAGFmwyucgDpOsigOz6Grp…
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I was wondering if it's s ll possible to arrange a shipment of the ﬁbrous digestate? I'm just trying to
ﬁgure out the logis cs if it would be easier for GP Biotec to transport it or if I'd need to arrange for
someone to come and pick it up? I'm hoping we can arrange this at your earliest conveinence.
https://outlook.office365.com/mail/search/id/AAQkAGQ2MGI1MWFkLTAxOTQtNGUwNy05NzIzLWQyZjI1M2RkNjJkMAAQAGFmwyucgDpOsigOz6Grp…
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Also would it s ll be possible for you to send me the percentages of the nutrients in the digestate (the
pdf you showed me) as well as the % of the contents within?

The address is:
Studio Morison Ltd
Unit 5A, Whitehill Park Industrial Estate
HR4 8QE Weobley
Herefordshire, England

Thanks,
Sarah

Please let me know when this can be arranged so I can give the studio a heads up or plan for pick up. Let
me know if you need anymore informa on. Looking forward to hearing from you.

From: Bridget <bridget@gpbiotec.co.uk>
Sent: January 27, 2020 11:01 PM
To: Sarah Ashley Devries <Sarah.Devries@aaschool.ac.uk>
Subject: RE: digestate research - Architectural Associa on

All the best,
Sarah

I would s ll be needing the digestate to be shipped to my tutor's studio, if that works?

From: Bridget <bridget@gpbiotec.co.uk>
Sent: January 16, 2020 3:01 AM
To: Sarah Ashley Devries <Sarah.Devries@aaschool.ac.uk>
Subject: RE: digestate research - Architectural Associa on

Hi Sarah,
Yes, thanks. I had a good weekend.
Alright, that’s not a problem. Post the bags here and we will try and ﬁll them up for you
Will you be looking to collect the bags of digestate yourself?

Hello Sarah,
Yes tomorrow is okay with us.
See you tomorrow. Any problems, let me know.

Bridget

Thanks

From: Sarah Ashley Devries <Sarah.Devries@aaschool.ac.uk>
Sent: 26 January 2020 13:09
To: Bridget <bridget@gpbiotec.co.uk>
Subject: Re: digestate research - Architectural Associa on

Bridget
From: Sarah Ashley Devries <Sarah.Devries@aaschool.ac.uk>
Sent: 13 January 2020 21:46
To: Bridget <bridget@gpbiotec.co.uk>
Subject: Re: digestate research - Architectural Associa on

Hi Bridget,
A�er much back and forth conversa on with my tutor, an op on we came up with was to purchase 10
bags and have them shipped to GP Biotec to be able to transport the digestate in the bags. Would this
be a possibility? I understand this may create more work on your end to get the material into the bags,
so please let me know if this would be too much to ask. If possible then I will order the bags right away!
Hope you're having a great weekend,
Sarah

Hi Bridget,
Sorry to bother you about this again, but if it is at all possible to arrange a visit this Thursday the 16th
instead of the Monday the 20th that would be great to conﬁrm. I apologize for the short no ce or if this
should cause any inconvenience.
All the best,
Sarah deVries

From: Bridget <bridget@gpbiotec.co.uk>
Sent: January 25, 2020 4:27 AM
To: Sarah Ashley Devries <Sarah.Devries@aaschool.ac.uk>
Subject: RE: digestate research - Architectural Associa on

From: Sarah Ashley Devries
Sent: January 14, 2020 6:25 AM
To: bridget@gpbiotec.co.uk <bridget@gpbiotec.co.uk>
Subject: digestate research - Architectural Associa on

Hi Sarah,
Can you give me your number and I will call to update you further. Alterna vely, you could call me on
07507547283.

Hi Bridget,
I called earlier today - doing research on how ﬁbrous digestate could be used as a building material with
the Architectural Associa on - to arrange a visit to see what the material looks like and poten ally
25/02/2020
Mail - Sarah Ashley Devries - Outlook
arrange a shipment.

Regards,
Bridget
https://outlook.office365.com/mail/search/id/AAQkAGQ2MGI1MWFkLTAxOTQtNGUwNy05NzIzLWQyZjI1M2RkNjJkMAAQAGFmwyucgDpOsigOz6Grp… 2/6

The best day to visit would probably be any me on Monday the 20th that works best for you. Please let
me know if this works for you.

https://outlook.office365.com/mail/search/id/AAQkAGQ2MGI1MWFkLTAxOTQtNGUwNy05NzIzLWQyZjI1M2RkNjJkMAAQAGFmwyucgDpOsigOz6Grp… 4/6

All the best,
Sarah deVries

EMAIL EXCHANGE WITH GP BIOTEC

SECURITY, PRIVACY & CONFIDENTIALITY NOTICE
Information contained in this email and any attachment is confidential and is intended for the addressee only. If you are not the intended recipient please
notify us immediately. Any dissemination, distribution, copying or use of this information without our prior consent is strictly prohibited. The views of the
author may not necessarily reflect those of the Architectural Association (Inc.). If you have any doubts as to the authenticity of this e-mail please contact
either the sender or the Architectural Association directly. You should carry out your own virus checks before opening any attachment. The Architectural
Association (Inc.) is not liable for any damage that you suffer as a result of software viruses. The Architectural Association, Inc. is a Registered Charity
Incorporated as a Company limited by guarantee. Registered in England No. 171402. Registered office: 36 Bedford Square, London, WC1B 3ES
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FIELD RESEARCH
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Image source: https://www.theguardian.com/artanddesign/2019/dec/07/flat-house-margent-farm-cambridgeshire-hemp-practice-architecture-carbon-energy

HEMPCRETE CASE STUDY: FLAT HOUSE
Once commonplace and useful, and hailed in the 1930s as a “billion-dollar crop”, hemp’s modern promise was cut
short by its association with narcotics, which led its production to be taxed and outlawed across the western
world. Call it paranoia, call it realism, but there’s a theory that billionaires with interests in plastics and paper pulp
successfully lobbied the US government to have their rival product suppressed. A war on drugs, in this account,
was whipped up in order to deepen the public’s dependency on petrochemicals.
Now, though, hemp looks like a miracle plant, to a point that seems almost too good to be true. Its growth gobbles
carbon and replenishes the soil, killing weeds without resort to chemicals. It can be used to detoxify poisoned
land. It can make organic alternatives to plastic. BMW use it inside their car door panels. In December 2018 Donald
Trump signed the Hemp Farming Act, which re-legalised the cultivation of the industrial, non-psychoactive strain
of the plant. He wouldn’t have done this, one might guess, if there hadn’t been money in it.

Image and text source: https://www.theguardian.com/artanddesign/2019/dec/07/flat-house-margent-farm-cambridgeshire-hemp-practice-architecture-carbon-energy

Flat House, as the home on Margent Farm is called, is the conversion of a steel-framed agricultural shed, within
which a new structure has been made of prefabricated timber-framed cassettes that were filled with a mulch of
hemp, lime and water known as hempcrete. Once the mulch was dry they were erected into thick, highly insulating
walls that also hold the building up. The exterior is covered in corrugated panels, which at first glance looks like
the cement cladding typical of farm sheds. It is actually made of fibres from the outer coating of hemp stalks
combined with resin taken from agricultural waste. It has a livelier texture and a more translucent quality than
cement.
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H.G. MATTHEWS
Note to Reader: Please follow this link where you can review the following
supporting documents: https://www.sarahdevries.co/ets5
Site Visits Document
Ideal Brick Tests Document
Text Summarizing Information Gained from Tour

Image of clay bed at H.G. Matthews
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CHEMICAL COMPOSITION

CHEMICAL REACTIVITY

Ingredient Percentage in Brick:

Lime

Silica (SiO2)
Alumina (Al2O3)
Iron Oxide (Fe2O3)
Magnesia (MgO)
Lime(CaO)
Organic Matter

Excess lime melts the bricks and disfigures it. If CaCO3 exists (in the purest form, i.e., if it contains at least 95%
CaO) in lime-lump in brick clay, it converts into quicklime on burning. When these bricks come in contact with
water, quicklime slakes and expands. And causes disintegration of bricks.

55%
30%
8%
5%
1%
1%

Alkalis

Alumina

Alkalis are mainly salt of Sodium (Na) and Potassium (K). It acts as a flux in the kiln and causes fusion, warping,
and twisting of bricks. Alkalis absorb moisture from the atmosphere and cause dampness & efflorescence in
bricks (because of the presence of hygroscopic salts, e.g., CaCl2, MgCl2, etc.).

Alumina is the main constituent of clay. It acts as a cementing material in raw brick. Brick clay is plastic due to the
presence of alumina. This plasticity ensures that bricks can be molded. An excess amount of alumina in clay may
cause the bricks to shrink, warp or crack on drying and burning as any other cementing material.

Pebbles, Stones & Gravels

Silica

Their presence does not allow thorough mixing of earth, thus the bricks produced are weaker. Such bricks cannot
be broken at the desired section and they break very irregularly.

Good quality bricks contain 50-60% silica. It is present in both free and combined form. As frees sand, it remains
mechanically mixed with clay. In combined form, it reacts with alumina to form aluminosilicates. Silica prevents
raw bricks from cracking, shrinking and warping. The higher the proportion of sand, the more and shapely and
uniform in texture will be the brick. Although, excess silica destroys cohesion between the brick clay particles
and makes brick brittle and weak. The durability of bricks largely depends upon the proper proportion of silica and
alumina.

Iron Pyrites (FeS)

Lime

Organic matter in bricks makes bricks porous resulting in low density and weaker bricks.

Iron Pyrites causes crystallization and disintegration of bricks while burning. It discolors bricks in the form of black
slag.

Organic Matter

Bricks should contain a little amount of finely powdered lime. It enables silica (of a required portion) to melt at the
furnace temperature of 1650oC and binds the particles of brick together resulting in strong and durable bricks.
At about 1100o C, lime acts as a catalyst to elevate the furnace temperature to 1650oC at which silica fuses.
This slightly fused silica works as a strong cementing material. Excess lime in brick clay will cause vitrification
of bricks. It causes bricks to melt, as more than the required amount of silica will fuse. The bricks then lose their
shape and become disfigured.

Iron Oxide
Bricks contain a small quantity of Iron Oxide. Iron Oxide acts a flux like lime, thus helps silica to fuse at low
temperature. It imparts a red color to bricks upon burning. Iron also increases the durability and impermeability of
the bricks.

Magnesia
A small proportion of magnesium decreases shrinkage and gives a yellow tint to the bricks. An excess amount of it
causes bricks to decay.

Text Source: https://civiltoday.com/civil-engineering-materials/brick/132-brick-composition-ingredients-with-functions

Text Source: https://civiltoday.com/civil-engineering-materials/brick/132-brick-composition-ingredients-with-functions
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MATERIAL TESTING
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RAMMED EARTH TESTING: THEORY
Images are taken from:
Rammed Earth Structures: A Code of Practice by Julian Keable and Rowland
Keable (1996)
This book was extremely beneficial in understanding the step by step process of how to build and construct with
rammed earth. The following pages are scans taken from the book that were referenced in creating the details for
designing the exterior walls of the house in this section of the book.
Unfortunately, due to time constraints and other financial constraints, a rammed earth material test could not be
produced, however, referencing this book would have been very helpful in producing a detail or wall by following
the methodologies they explained in great depth.

Climatic Conditions for Rammed Earth Construction
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Soil Structures and their Percentages

Diagram Explaining the Different Processes of Building
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Various Tests to Complete

Various Tests to Complete to Check Soil Health
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Checking Soil Health and Content

Weight Soil Content
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Water Content Test

Measuring Shrinkage of Soil when place in Mould
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Water Absorption Test

Formwork Typologies and Details
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Corner and Wedge Details

Form-work Deformation Test
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Compressing and Ramming Soil Into Moulds

Compaction Tests
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Sedimentation Sampling and Check

Foundation Details
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Overhang and Foundation Details

Comprehension Test
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Overhang and Foundation Details

Overall Building Health Measurements
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PART 5:

APPLICATION
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ARCHITECTURAL SCIENCE: THEORY
Images are taken from:
Introduction to Architectural Science: The Basis of Sustainable Design 3rd
Edition by Steven V. Szokolay (2003)
This book was very helpful in guiding the understanding behind theories of sustainable design and how to apply
those theories on a technical level. This information aided in the understanding of the environmental qualities of
the design and details in this section of the book.
The following pages are scans taken from the book that were exceptionally beneficial in learning how the designs
would function with sustainable application. It also aided in the understanding of how to best detail the exterior
walls to know which construction would be the best for overall thermal comfort.

Psychometric Chart
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Understanding Properties of the Psychometric Chart

Sun-Path Diagram and Latitudes
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Climate Graphs: Four Climate Types

Design Procedure for Composite Shading
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Thermal Bridging

Data Sheet: Thermal Properties of Materials

304

305

LET’S TALK SHIT

Data Sheet: Thermal Properties of Materials

Data Sheet: Thermal Properties of Walls
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Data Sheet: Thermal Properties of Walls

Data Sheet: Thermal Properties of Windows, Roofs and Floors
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Data Sheet: Thermal Properties of Windows, Roofs and Floors

Data Sheet: Thermal Bridges of Ground Floors and Basements
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Main Types of Passive Solar Systems

