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Preface
 
Only two years ago I was virtually unaware of the impacts my life-style choic-
es had on the planet. My concerns for the preservation of the environment 
began to develop further when I started researching for this document a 
year prior. My interest in the topic became personal to the point where I was 
adapting my own life-style with the knowledge I was gaining. One could sug-
gest I was going through stages of ‘realization’. 

A source I came across explained the process of personal realization regarding 
ecological sustainability. It stated that the first stage of realization was recog-
nizing the problem, that society is formed around unsustainable processes. 
The second was the stage of depression, where many find themselves stuck 
in thoughts that our environmental problems are too vast and far gone to fix. 
The third stage involved a proactive and optimistic mindset, where people 
look for solutions to the problem. 

In developing this project, I hoped to shed a light on the problem our ways 
of living have on the environment. In doing so, I also intended that readers 
reach the proactive and optimistic ‘stage three’ state of mind. It is important 
that we do not dwell on the negatives and rather look to find alternatives and 
solutions.  
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Abstract
 
The environmental impacts of the western life-style are leading society to-
wards an unsustainable future. ‘Out of sight’ land is being drained to support 
this way of living and is exhausting the planet’s resources. Through architec-
tural intervention, sustainable life-styles can be enabled and look to lessen 
societies impact on the environment.      

This project investigates self-sufficient principles to reduce the current im-
pacts of the typical New Zealand household. The average citizen in New Zea-
land uses over five hectares of land to provide their life-style over one year, 
yet only lives on a 617 m2 property. A self-sufficient village is suggested to 
bring the out-of-sight land to the attention of the consumer, shedding light on 
the pressing issue. The design of the village also seeks to reduce the amount 
of land consumed by the average New Zealander to an area that the earth can 
sustainably replenish. 

Just under a third of global greenhouse gases emissions are contributed by 
the construction sector, this subject is also acknowledged as an obligatory 
issue architecture must address. Straw bale, timber and adobe construction 
are explored as viable low carbon alternatives to mainstream construction in 
an attempt to reduce the impact future construction will have on the environ-
ment.  
 
Projected demand for housing in the Queenstown Lakes District will see hun-
dreds of new homes built in the area. The aim is to provide an environmental-
ly sustainable alternative to these future developments, using self-sufficiency 
and low carbon construction as tools to obtain this goal. The outcome is a 
design for a sustainable community built on the edge of the Cardona Village. 
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Lexicon
 

Out-of-sight: Refering to the land used to support a life-style that is unacknowledged by the consumer.

Ecological footprint: Measuring methodology by Mathis Wackernagel and William Rees, conceptualizes 
environmental impacts through land as a measurement.

gha: Global hectares, an international measurement unit for the ecological footprint method.  
 
Architypes: Architectural types within the sustainable community.  
 

Figure 1: Initial village concept, sketch by author
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1.0 Introduction 

“If we want to avoid any such conflict over resources, an alternative approach would be to try to work out what 
sort of society could be achieved within the means that we have…” - Robert & Brenda Vale Time to Eat the Dog?
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Since the industrial revolution of the 19th century, 
society has continued to dramatically progress. Rapid 
expansion of cities and a globally linked supply chain 
feeding the giant multiplicities is nothing shy of an out-
standing feat for humanity. Although remarkable, this 
infrastructure pays a heavy toll on the planet as it relies 
on the out of sight environment being unsustainably 
exhausted of its natural resources. With global trade 
ruling the economy, countries are draining land from 
distant nations, creating a visual disconnect between 
the products used in this lifestyle and the land that was 
used to provide for them. The second consequence of 
this global life-style are the by products and how they 
are dealt with or disposed of, again becoming the bur-
den on the ‘out-of-sight’ environments. This disconnect 
has produced a civilization that continues to develop at 
an ecologically unsustainable rate, with environmental 
consequences hidden behind closed doors. 

Through measuring methodologies, such as the eco-
logical footprint by Mathis Wackernagel and William 
Rees, it is possible to quantify the amount of productive 
land required to sustain certain lifestyles.1 For exam-
ple, according to 2014 Global Footprint Network data,  
civilization requires more than 1.7 earths to sustain 

1 Robert J. D. Vale, and Brenda Vale, Time to Eat the Dog?: The Real 
Guide to Sustainable Living (London, England: Thames & Hudson, 
2009), 15.

it.2 This statistic of 1.7 earths is a product of under 
developed nations balancing the ecological impacts of 
developed countries. If everyone on the planet enjoyed 
the lifestyles of developed nations such as the United 
States of America or Australia it would take 5.04 earths 
for the former 5.16 for the latter.3 In comparison, if 
everyone enjoyed the average New Zealand lifestyle it 
would require 3 earths or 5.14 gha (global hectares per 
person), less than neighbouring Australia but still a far 
cry from the single earth there is access to.  

The western way of living is robbing resources from 
other nations, to the point where we are exceeding 
the limits of our earth. In the text, Permaculture: A 
Designers’ Manual, Bill Mollison suggests that we need 
sustainable villages now more than ever to provide the 
foundation for like-minded people to come together.4 
Villages to develop and spread the much-needed ideas 
for a sustainable future. The project uses this suggested 
theory and applies it to the New Zealand context. 

2 “Ecological Footprint,” Global Footprint Network, accessed August 
5, 2018, https://www.footprintnetwork.org/our-work/ecological-foot-
print/.

3 “Open Data Platform,” Global Footprint Network, accessed May 
10, 2018, http://data.footprintnetwork.org/#/compareCountries?-
type=earth&cn=all&yr=2013.

4 Bill Mollison, Permaculture: A Designers’ Manual (Tyalgum, NSW: 
Tagari Publications, 1988), 519.

In the design of this village, self-sufficiency and low 
carbon construction are also suggested to provide an 
ecologically sustainable alternative to our current way 
of living. This investigation of self-sufficient living is a 
start, or one part of the solution to a wider concern for 
a sustainable future. 

1.1 Background of the project

Ecological footprint of countries 2013
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Figure 3: Ecological footprint comparison
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1.2 Project Outline

This project entails the design of a self-sufficient village using low carbon construction methods. Located in Cardrona Valley, the village is part of the growing Queen-
stown Lakes District (QLD) in New Zealand. The village seeks to be an environmentally sustainable alternative to the housing developments in the area. Social and 

economic infrastructure are also considered to provide a life-style relevant in todays world.

1.3 Aims and Objectives

As an alternative to future housing developments in the 
surrounding QLD, this project seeks to reduce the average 
New Zealanders’ impact on the environment and make 
sustainable living a more accessible choice for all New 
Zealanders. Self-sufficiency and low carbon construction 
are the two main areas of focus that look to provide a 
sustainable solution to this unsustainable way of living. 
Through self-sufficient design the community will aim 
to be reliant on the land within the village boundary to 
produce much of their own food, generate electricity, 
collect water and deal with waste. A desired outcome 
of this self-sufficient living will be to restrict the use of 
out-of-sight land. The application of low carbon materials 
seeks to reduce the construction sector’s impact on New 
Zealand’s environment and global greenhouse gas (GHG) 
emissions. 

Key objectives are:

1. Investigate low-carbon construction in the residential 
sector. 
 
2. Determine requirements for self-sufficient living.

3. Design elements of a self-sufficient village using 
low-carbon construction.
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1.4 Research Question
How can the design of a self-sufficient community reduce the environmental impacts of a New Zealand household?

1.5 Scope and Limitations

This research project investigates solutions for sustainabil-
ity through self-sufficient living. This opposes the current 
western-way of living where there is little certainty in 
choosing ecologically sustainable products. 

The village aims to provide for approximately 100 resi-
dents as a design parameter. The average ecological foot 
print of a New Zealander per year is then compared to the 
land consumption of the residents within the proposed 
village.  

Estimates such as the land area required to sustain a life-
style are based on information in the literature available.   
Basic requirements for self-sufficient living are explored in 
detail and applied to the design of the village. These re-
quirements include, food and water sourcing, waste man-
agement, energy usage, and housing. Economic and social 
requirements are also acknowledged but not explored in 
any depth. Detailed design is limited to the housing, food 
production and masterplanning elements of the village. 

With approximately 30 percent of carbon emissions 
attributed to the construction industry, design choices 
regarding materials and methods are critical. Therefore, a 
brief investigation into alternative construction method-
ologies is carried out. Findings are applied to the archi-

tecture types, but not designed in detail. Methodologies 
investigated are limited to, prefabrication in straw and 
timber construction, alongside traditional adobe con-
struction. General suggestions are made for the remaining 
elements of the buildings. 

The site is located on the south edge of the Cardrona 
Village to provide an ecologically sustainable alternative 
to current housing developments in the area. It is outside 
the scope of this project to compare in an empirical way, 
rather the project investigates requirements of an envi-
ronmentally sustainable life-style and estimates the land 
consumption. The design results in an infrastructure for 
a self-sufficient village and the potential amount of land 
required to support it.

Likewise, although economic and further social benefits 
can be realized through an alternative lifestyle, it is out-
side the scope of this project.
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1.6 State of knowledge in the field Sustainable design methodologies and theories are 
argued to have been present from the beginnings of 
architecture. In the text, Philosophy of Sustainable Design, 
Jason F. Mclennan explains this disparity of ‘sustainable’ 
design is due to the theory’s evolution.5 Originally with 
biological roots, sustainability was the “ultimate pursuit of 
comfort” and worked with the environment to obtain this 
desire.6 After human and technological development, the 
ability to mechanically control internal environments and 
obtain material from any location resulted in exploitation 
of the earth’s resources. Come the mid-twentieth century, 
realisation that the survival of civilization was dependent 
on the limited resources provided by the planet, led to the 
‘modern sustainable design movement’.7  Modern sustain-
able design continues today, McLennan defining it as, “a 
philosophical approach to design that seeks to maximize 
the quality of the built environment while minimizing or 
eliminating the negative impact to the environment.” 8 

7 Jason F. McLennan, The Philosophy of Sustainable Design (Bainbridge 
Is, WA: Ecotone Publishing, 2004). 

8 McLennan, The Philosophy of Sustainable Design, 11. 
9 McLennan, The Philosophy of Sustainable Design, 24.  
8 McLennan, The Philosophy of Sustainable Design, 10 .  

Brenda and Robert Vale in their text, Time to Eat the 
Dog?, analyse the environmental impacts of the everyday 
choices people make.9  A reoccurring theme in their texts 
is that the sum of many small items in the western life-
style create a significant negative impact on the environ-
ment. Chapters in the text detailing the environmental im-
pacts of a broad range of topics including food, transport, 
buildings, ‘stuff we have at home’, hobbies and work. In 
a prior text from the Vales, The Autonomous House, they 
suggest self-sufficient housing as an answer to begin an 
environmentally sustainable shift in the current struc-
ture of the western-world.10 With theories based around 
impacts of the average western life-style, the Vales 
provide insight to a sector of society that can benefit from 
sustainable design and start a global shift towards a more 
sustainable future. 

Theories from Bill Mollison also argue a need for sustain-
able design. Based around the parameters of permacul-
ture theories in design, much like McLennan’s theories 
of sustainability, Mollison explores the philosophy of 
9 The Vales, Time to Eat the Dog?. 
10 Robert J. D. Vale, and Brenda Vale, The New Autonomous House (Lon-
don: Thames & Hudson Ltd, 2000), 15.

“working with, rather than against nature…”11  Mollison’s 
outlined parameters of self-sufficient living and village 
structures, under permaculture principles, provide insight 
into how to approach design and requirements to achieve 
a sustainable outcome.  

In using philosophies from theorists and others like 
Mollison, the Vales and McLennan, investigation can be 
made into an environmentally sustainable life-style for the 
average New Zealand citizen. The project uniquely driven 
by its site, demonstrates how these applied theories can 
formulate a sustainable architecture for the region.  

11 Mollison, Permaculture: A Designers’ Manual, 519. Figure 4: Bill Mollison’s “Evolution from contempory agriculture to a 
permaculture”, 70% cropland devoted to forage 
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1.7 Methods of research
A literature analysis on the ecological state is initially 
set out to understand a need for this project. With that 
knowledge, the second stage of the literature investi-
gation informs the design requirements for the project. 
These requirements include steps for achieving self-suf-
ficient living in conjunction with what materials are best 
suited for the architecture and the environment. This 
project values the impact the life-style of the average New 
Zealander has on the environment over social and eco-
nomic concerns. Literature analysis is therefore focused 
around design requirements to reduce environmental 
impacts. Some literature informs how to socially and 
economically sustain a self-sufficient lifestyle but is not 
investigated in detail. This research also determines the 
archetypes for the village. Site visits and discussions be-
tween fellow students, supervisors and other field experts 
also informed the project. 

Precedent studies are organised to support findings in 
literature. Existing self-sufficient and eco-villages provide 
detail on how to arrange the project and the potential 
amount of land area required to support the residents. 
Glasshouses are one architectural type of focus, with 

precedents providing insight on the structural require-
ments alongside applicable technology and materials. A 
smaller scale study is used to analyse eco-buildings and 
the way environmental drivers have formed the archi-
tecture. Floorplans, orientation, technology and other 
categories are investigated for the eco-buildings. 

Literature analysis and precedents provide insight on the 
chosen forms of low-carbon construction methods. A 
physical investigation is additionally carried out to gain an 
understanding of the properties and processes for adobe 
construction. 

Site analysis informs the design alongside the informa-
tion obtained in the literature, physical and precedent 
research. Learned knowledge is then realised through 
sketching, physical models and computer modelling. 
Design is then developed to enhance the environmental 
benefits of the village and maximise productive use of the 
land. 
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2.0 Concerns for ecological sustainability
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Demand on the earth’s resources is continuing to increase 
with population growth and vast development in infrastruc-
ture. Methodologies today measure civilizations total con-
sumption at 1.7 earths per year.1 This means that the earths 
capacity to absorb the wastes and reproduce the resources 
consumed is being exceeded by 70%. Today, societies unsus-
tainable future is becoming realised with the United Nations 
banding together to discover solutions for altering this unsus-
tainable fate.

Across the globe a movement for ecological sustainability is 
gaining traction, particularly within countries experiencing 
severe effects of the human impact on the climate. Country 
leaders such as former Maldives President Mohamed Nasheed 
in his film, The Island President, urge developing countries 
such as India, to reduce their environmental impacts and save 
countries with similar conditions to the Maldives.2  

Through the United Nations Framework Convention on Cli-
mate Change (UNFCCC) the 2016 Paris Agreement has seen 
nations come together, to consider the pleas of countries such 

1  “Ecological Footprint,” Global Footprint Network, accessed August 5, 2018, 
https://www.footprintnetwork.org/our-work/ecological-footprint/. 
2 The Island President directed by Jon Shenk (NYC: Samuel Goldwyn Films, 
2011), DVD.

as the Maldives.3 Targets have been set and agreed upon by 
approximately 180 parties, including New Zealand, to keep 
global temperature rise below 2 degrees above pre-industrial 
levels. With existing agreements via the UNFCCC such as the 
1997 Kyoto Protocol, the problem had previously been ac-
knowledged, yet nations neglected the urgency to change. As 
outlined by Joanna Caytas in the journal article, “The COP21 
Negotiations: One Step Forward, Two Steps Back”, she sates 
that after the original Kyoto Protocol, “New Zealand, which 
had exceeded its carbon emission reduction goals, announced 
that it would not be participating in the second round of the 
Kyoto goals because other countries were not pulling their 
weight.”4 With other countries exiting under similar incentives 
or to avoid carbon taxes, the failure of the Kyoto Protocol saw 
the Paris Agreement draw up ‘more obtainable’ and far less 
ambitious goals, nations only bound to report their progress in 
reduction of global warming.5 

So why has there been a lack of urgency to change our 

3 “What is the Paris Agreement?” United Nations Framework Conven-
tion on Climate Change, accessed April 16, 2018, https://unfccc.int/pro-
cess-and-meetings/the-paris-agreement/what-is-the-paris-agreement.
4 Joanna Caytas, “The COP21 Negotiations: One Step Forward, Two Steps 
Back.” Consilience, no. 19 (2018): 5, https://www.jstor.org/stable/26427709.
5 Caytas, “The COP21 Negotiations: One Step Forward, Two Steps Back.”  5.

environmental impact? Caytas explains that many countries 
are heavily reliant on non-renewable systems and additional 
pressing issues such as immigration, armed forces, health 
care, amongst many others are concerns above environmental 
stabilization.6 

Theories of sustainability argue the upmost importance of 
environmental issues and look to provide ‘alternative’ solu-
tions for the developing world. In the Philosophy of Sustain-
able Design Mclennan, explains that we as humans will always 
need shelter, and that, “Architecture, and the communities 
we build, will continue to be the largest single artefact we will 
leave to the future. And in the end, it will have to be a sustain-
able architecture that is the future.”7  

6 Caytas, “The COP21 Negotiations: One Step Forward, Two Steps Back.”  

7. 
7 McLennan, The Philosophy of Sustainable Design, 241.  

2.1 The global ecological state

Figure 6: Ecological consumption comparison
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2.2 Environmental impacts of a ‘kiwi’ household 

When considering statistics, the largest estimates are used. Sectors of land con-
sumption dealt within the village include food & drink, infrastructure & housing, 
and energy use.

‘Average household assumption’: Family of 4 (2 adults, 2 children)
Occupants ecological footprint: 5.11 gha per year x48 
Energy: 8 500 kWh9 
On average the NZ house in 2017 used 7000kWh. In Canterbury it is 8,500kWh 
due to most houses heating their homes with electricity rather than by fire. For 
this study, the average consumption for a Canterbury home is used. 
Water consumption: 250-300 litres per person per day10 
Physical home area: 182 m211 
Median property size: 617 m212 
Average yearly land for food : 1.2 gha pp13 
 
 

8 “Open Data Platform,” Global Footprint Network, accessed May 10, 2018, http://data.footprintnet-
work.org/#/compareCountries?type=EFCpc&cn=all&yr=2013.
9 Electricity Authority. “Electricity in New Zealand.” Last modified September 25, 2018. https://www.
ea.govt.nz/about-us/media-and-publications/electricity-nz/.
10 “Saving water,” Northland Regional Council, accessed September 10, 2018, https://www.nrc.govt.
nz/Environment/Water/Take-action/Saving-water.
11 “We’re building bigger 40 years on,” StatsNZ, accessed August 14, 2018, http://archive.stats.govt.
nz/browse_for_stats/industry_sectors/Construction/building-bigger-5oct-16.aspx.
12 Corzaon Miller, “The shrinking size of an Auckland property section,” NZ Herald, last modified 
March 15, 2018, https://www.nzherald.co.nz/business/news/article.cfm?c_id=3&objectid=12013542.
13 The Vales, Time to Eat the Dog?, 40. 

Figure 7: Townhouse in Arrowtown, 
sketch by author

Figure 8: Graphic showing average life-
style consumption 
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Since the industrial revolution, there has been development 
of alternative approaches to the current economic drivers 
of society. Influential people including, William McDonough, 
Michael Braungart, Jason F. McLennan, Robert Vale and 
Brenda Vale have been formulating principles providing sus-
tainable solutions to civilization’s unsustainable future. Prac-
ticed theories and rating systems such as ‘Cradle to Cradle’ 
and the ‘Living Building Challenge’ are continuing to provide 
designers with the tools needed to reshape our infrastruc-
ture, to better ourselves and our ecological impacts. 

Sustainable design has many branches, but one of the most 
commonly understood is its purpose to better the envi-
ronment, or as McLennan states, “Sustainable Design is a 
design philosophy that seeks to maximize the quality of the 
built environment, while minimizing or eliminating negative 
impact to the natural environment.”14 The ‘maximizing of 
quality’, is the area of focus dependent on the environment 
as McLennan continues to explain stating that ‘sustainable 
design’, “… balances environmental concerns with comfort, 
aesthetics, cost and a host of traditional architectural or 
design outcomes.”15  Driven by environmental concerns, 
‘sustainable design’ acknowledges that our current way of 
living is unsustainable and seeks to provide alternatives to 
our predicted fate. It can be argued that predictions, like the 
outcomes of our planet, are flawed due to multiple unpre-

14 McLennan, The Philosophy of Sustainable Design, 4. 
15 McLennan, The Philosophy of Sustainable Design, 6. 

dictable variables. McLennan, understanding the backlash of 
this uncertainty, argues that it is in these disagreements that 
investigations arise and a need for ‘sustainable design’ finds 
its feet.16 

Six main principles found present in sustainable design are 
summarized by McLennan.  The principles most relevant 
to this project include ‘The Conservation and Renewable 
Resources Principle’, ‘The Holistic Thinking Principle’ and the 
‘The “Seven Generations” Principle’.17

The “Seven Generations” Principle is seen within the work 
of William McDonough and Michael Braungart. McDonough 
and Braungart are influential in the design of ‘sustainable’ 
models that have been applied world-wide since the release 
of their first book, Cradle-to-cradle, in 2002.18 Their con-
cepts of preserving and upcycling biological and technical 
nutrients, re-developed in their second book, The Upcycle, 
have helped turn large global corporations into more ‘eco-
logically sustainable’ models.19  McDonough and Braungart’s 
practiced and proven theories provide holistic techniques 
for the sourcing, application and after-life of materials in de-
sign, stating, “Instead of these products becoming waste in 
16 McLennan, The Philosophy of Sustainable Design, 247. 
17 McLennan, The Philosophy of Sustainable Design, 282. 
18 William McDonough and Michael Braungart, Cradle to Cradle: Remaking the Way 
We Make Things, (London: Vintage Books, 2009). 
19 William McDonough and Michael Braungart, The Upcycle. Beyond Sustainability: 
Designing for Abundance, (North Point Press, 2013), 20.

2.3.1 Philosophy of sustainable design – Theories, processes & systems 

2.3 Solutions for sustainable living

a landfill, they could become ‘food’ for another product, and 
that product would also become ‘food’ again – endlessly.”20 
This reprocessing system is known as cradle-to-cradle.

McDonough and Braungart explain that for our planet to 
adopt cradle-to-cradle, the bi-products of civilization must 
be separated into two categories, the techosphere and the 
biosphere. The techosphere or ‘technological cycle’ contains 
the materials that cannot be fully broken-down and requires 
recycling or up-cycling processes to restore the materials to 
their pure ‘nutrient’ potential. McDonough and Braungart 
suggest design of the production and disassembly processes 
to ensure the product has the potential to be fully recycled.21 
McDonough and Braungart encourage designers to under-
stand that a material does not cease to exist after its use, and 
this notion must be catered for. 

The Living Building Challenge (LBC) developed by McLennan 
and Bob Berkebile is an internationally practiced building 
certification program that includes aspects of ‘cradle-to-cra-
dle’. This certification program contains a section called 
‘Materials Conservation Management Plan’, detailing that not 
only must buildings go through the common, ‘Design Phase’, 
‘Construction Phase’ and ‘Operation Phase’ but that they all 
have an ‘End of Life Phase’ which must be equally weighted 
and designed for.22 The holistic view of designing for a mate-
rials life-cycle from production, sourcing, use and end of life 
can now be seen in buildings that followed the living building 
20 McDonough and Braungart, The Upcycle. Beyond Sustainability, 14. 
21 McDonough and Braungart, The Upcycle. Beyond Sustainability, 14. 
22 “Living Building Challenge, Materials Petal Intent,” International Living Future Insti-
tute, accessed April 23, 2018, https://living future.org/lbc/materials-petal/. 

challenge, including Te Kura Whare in Taneatua, New Zea-
land. Within these buildings the materials in the techosphere 
are designed for re-use, while materials in the biosphere are 
extensively utilized.23 Low carbon materials such as straw bale 
and adobe construction fall under this biosphere category.   

A specific example of ‘cradle to cradle’, or the ‘closed loop 
system’ is seen in the technology commonly known as com-
posting toilets. Composting toilet systems work within the 
‘biosphere’ to help reduce, harness and repurpose human 
by-products. Alongside providing nutrients out of waste, the 
system also reduces the excessive use of fresh water, saving 
9500 liters per year of water otherwise used in four-person 
family home with a traditional flush toilet.24 The technology 
varies between products, but all obtain the same principle 
which is to end the current ‘water-contaminating cycle’ that 
results in polluted waterways, and instead provide a full ‘cra-
dle-to-cradle’ system.

In the text, Time to Eat the Dog?, the Vale’s explain civiliza-
tions un-sustainable trajectory with facts that target the daily 
lifestyle of people in the western world.25 The Vale’s base 
their findings on the same notion of McLennan, McDonough 
and Braungart stating that, “in spite of its obvious finiteness, 
we tend to treat the earth as if it were inexhaustible. Our 
globalized society is based on growth: growth of population, 
growth of income, growth of energy consumption, growth of 
23 “Te Kura Whare,” International Living Future Institute, accessed April 18, 2018, 
https://living-future.org/lbc/case-studies/te-kura-whare/. 
24 “Environmental Benefits,” Sun-Mar, accessed April 15, 2018, http://www.sun-mar.
com/tech_envi.html. 
25 The Vales, Time to Eat the Dog?.
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wealth.”26 Their thought-provoking text highlights the 
importance of day to day choices, encouraging ‘closed 
loop systems’ and self-sufficiency.  An example of 
the impact that a minor life-style change can have, is 
shown by the Vales in their investigation of the eco-
logical foot print of pet food. The Vales estimate that 
feeding a cat a lower meat content pet food can re-
duce their ecological footprint from 0.84 to 0.2 global 
hectares per year.27  This 0.64 global hectare difference 
might seem unsubstantial, but when multiplying it by 
the 2016 estimated cat population in New Zealand 
(1,134,000 x 0.64) it is 725,760 gha of land, needed to 
re-produce the resources and absorb the by-products 
of cat food alone, that could be salvaged every year.28 
Throughout the Vales text it becomes apparent that 
multiple ‘small’ changes made within the western 
lifestyle can affect a substantial change on the house-
hold’s environmental impact. 

Like the Vales, McLennan elaborates the limit of our 
resources and how not only does the western civili-
zation exploit them with poor living choices, but this 
exploitation will increase as, “countless millions will 
seek to emulate the lifestyle that we in the west have 
enjoyed for the last century.”29 This prediction from 
McLennan is made evident within the current situation 
of India planning to overhaul the country’s electricity 
infrastructure with the adoption of more fossil fuels. In 
26 The Vales, Time to Eat the Dog?, 8. 
27 The Vales, Time to Eat the Dog?, 231. 
28  “Companion Animals in NZ 2016 Executive Summary,” The New Zealand 
Companion Animal Council INC, accessed April 18, 2018, http://nzcac.org.
nz/images/downloads/Companion%20Animals_in_New_Zealand_2016_Re-
port_web.pdf, 9. 
29 McLennan, The Philosophy of Sustainable Design, 241. 

the 2011 documentary The Island President a discus-
sion between Mohamed Nasheed, the ex-president 
of the Maldives, and Shyam Saran, the Indian Chief 
Negotiator on Climate Change, explains India’s stance 
on this re-structuring. In this discussion Saran states, 
“you cannot say, I will stay where I am because I got 
here first” (discussing the United States), “and you stay 
where you are because you are a late comer” (refer-
ring to India).30 The ideal living model of the west, 
although severely damaging, is admired, making it 
imperative for the western world to lead by example. 

McLennan also acknowledges an absence of action, 
arguing that the solution lies within the individual, and 
not solely on government authorities.31 In a metaphor 
from Cradle to Cradle, McDonough and Braungart 
compare our civilization to that of the ants, explaining 
that it is the actions of the individuals that amount to 
a greater collective outcome. Looking at ants alone 
provides proof that even with vast population and 
infrastructure, a ‘closed-loop cycle’ in each individual 
element within a civilization, provides a sustainable 
outcome.  

With an extensive understanding of sustainable philos-
ophy, McLennan outlines a methodology for approach-

30 The Island President directed by Jon Shenk (NYC: Samuel Goldwyn Films, 
2011), DVD, 59:50. 
31 McLennan, The Philosophy of Sustainable Design, 247.

ing a project with sustainable design.32 
 
Elements of the sustainable design methodology:
1. Understand Climate and Place (orientation, low-car-
bon material selection, ventilation etc.); 
2. Reduce Loads (reduce or accurately define rather 
than inflate requirements); 
3. Use Free Energy; 
4. Use The Most Efficient Technology Possible (only 
after exhausting the first three approaches should a 
designer then implement the most efficient technolo-
gies). 

Through a re-design of various aspects of a western 
way of living, with sustainable principles such as cra-
dle-to-cradle, the greater issue of global sustainability 
can begin to become a reality. 

 

32 McDonough and Braungart, Cradle to Cradle, 79. 

Figure 9: Graphic displaying a principle 
of sustainable design
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In developing countries today, the output of GHG into the atmo-
sphere has increased significantly. The largest contributor to the 
worlds GHG’s is carbon dioxide, which absorbs excess amounts 
of solar radiation, leading to an increase in surface temperatures. 
Countries contributing to well over half of the total global carbon 
emissions include China, the United States, the European Union, 
India, Russia and Japan.33 According to 2013 data, the United 
States carbon emissions per person are at 6.06 gha.34 In compar-
ison New Zealand’s carbon emissions are at 2.5 gha per person. 
With the European Union, Japan and the United States supplying 
many products to New Zealand, localised low carbon materials in 
construction can disrupt this unsustainable supply chain. 

In the text, Building with Straw Bales, Barbara Jones explains that 
straw bale construction, “has a seriously negative carbon foot-
print.”35 Jones continues to explain that this low carbon method 
can help reduce the total carbon emmisions, 50% of which the 
construction industry is responsible for. In the case study, “Is 
There a Place for Natural Building in New Zealand’s Conventional 
Housing Market?”, by Blue Forsyth, Min Hall and Sven Johnston, 
the study investigates natural building with straw bale con-
struction methods, in an aim to reduce carbon emissions.36 In 

33 Andrei-Laurentiu Popescu, and Ona Luca. “Built Environment and Climate 
Change,” Theoretical and Empirical Researches in Urban Management 12, no. 4 
(2017): 54, https://www.jstor.org/stable/26234014.
34  “Open Data Platform,” Global Footprint Network, accessed May 10, 
2018, http://data.footprintnetwork.org/#/compareCountries?type=EFCp-
c&cn=all&yr=2013.
35 Barbara Jones, Building with Straw Bales: A practical manual for self-builders 
and architects. (Cambridge, England: Green Books, 2015) 14. 
36 Blue Forsyth, Min Hall, and Sven Johnston. “Is There a Place for Natural Build-

improving straw bale construction, prefabrication methods are 
also suggested to reduce costs and construction time amongst 
multiple other benefits. 

In Andrew Alcorn’s PhD dissertation, “Global Sustainability and 
The New Zealand House”, low carbon materials are said to be, af-
ter self-sufficient and sustainable technologies, the second most 
important strategy to reduce carbon emissions in a home.37 Driv-
en by a parameter to design the lowest possible carbon emission 
house, Alcorn advocates for the use of straw bales for insulation, 
and timber for framing, cladding, windows, linings and roofing. 
Adobe bricks were additionally suggested for their low carbon 
properties and to provide thermal mass in the walls of a home.38 

In using timber as a material in conjunction with adobe and straw 
bale, carbon emissions in construction can be reduced. Materials 
can also be sourced from local areas. When considering the ther-
mal properties of a building, prefabricated straw bale construc-
tion provides an insulative element that is quick to construct. For 
passive design, light weight adobe construction can be used as a 
thermal mass, assisting with the utilization of the sun’s heat.

ing in New Zealand’s Conventional Housing Market?” Accessed September 20, 
2018. https://unitec.researchbank.ac.nz/bitstream/handle/10652/4145/1410_
Min_Hall.pdf?sequence=1&isAllowed=y. 
37 J. Andrew Alcorn, “Global Sustainability and The New Zealand House” (Ph.D., 
Victoria University of Wellington, 2010), 3.
38  J. Andrew Alcorn, “Global Sustainability and The New Zealand House”, 3. 

2.3.2 Benefits of alternative construction methods

If each person had their ‘equal share’ of bio-productive 
land to sustain their life-style everyone would have an 
average 1.72 gha per person.39 This number continues to 
decrease with the degradation of land and population. 
The Vales explain the dramatic growth in population 
changing our bio-capacity stating that, “In 1964, when 
the population was half what it is now, our individual 
earth share would have been 3.78 ha...”40  In comparison, 
the average New Zealander’s ecological footprint from 
the 2013 Global Footprint Network study, is at 5.1 gha, 
nearly two times more than our 2013 global equal share 
count.41 With a relationship between the population 
increasing and the bio-capacity decreasing, alongside an 
industrialised life-style that continues grasp for more, the 
infrastructure we have built our civilization on will not 
last. 

One obtainable solution is to begin altering the fabric of 
our civilization, starting within the homes of the indi-
vidual. The Vales in another text, The New Autonomous 
House, argue the relevance of designing self-sufficient 
homes and how they demonstrate mankind’s ability to 
exist without the need for the unsustainable infrastruc-

39 “Glossary,” Global Footprint Network, accessed July 19, 2018,
https://www.footprintnetwork.org/resources/glossary/
40The Vales, Time to Eat the Dog?, 37. 
41 “Open Data Platform,” Global Footprint Network, accessed May 10, 
2018, http://data.footprintnetwork.org/#/compareCountries?type=EF-
Cpc&cn=all&yr=2013.

ture we are currently dependant on.42 The Vales contin-
ue to explain that, “If such a goal can be achieved in a 
house that has 24-hour occupancy with a relatively low 
occupant density, then it may be possible to achieve the 
same goal in commercial buildings that are occupied for 
shorter periods of the day, and mostly during daylight 
hours, by large numbers of people.”43 Within the homes 
of the individual is a place to start, and that knowledge 
can then be applied to the many unsustainable sectors 
of our developed world. Additionally Mollison explains 
that we have the tools to solve our ecological problems, 
“but in the everyday life of people, this is hardly appar-
ent.”44 Mollison highlights the lack of connection between 
the knowledge of this alternative way of living and the 
employment of it. Our civilization functions on a system 
that makes sustainable choices difficult and is continuing 
to hinder any chance for change. 

Within New Zealand there is also a demand for housing 
to accommodate population growth and unaffordable liv-
ing conditions. A 2017 Ministry of Business report states 
that the current ‘housing crisis’ in New Zealand has been 
inflating prices within the market, leaving 86 percent of 
households below the National Affordability Benchmark.45  
Also in 2017 the KiwiBuild scheme was announced by 

42 The Vales, The New Autonomous House, 17. 
43 The Vales, The New Autonomous House, 17.
44 Mollison, Permaculture: A Designers’ Manual, 2.
45 “Documents and images library,” Ministry of Business, Innovation 
& Employment, accessed May 10, 2017, http://www.mbie.govt.nz/
info-services/housing-property/sector-information-and-statistics/docu-
ments-and-images-library/HAM%20v%20.

New Zealand Housing Minister Phil Twyford, to solve this 
issue by promising 100,000 affordable homes over the 
next ten years.46 

According to Statistics New Zealand, the regions predict-
ed to have the greatest population increases (greater 
than one percent) include; Auckland, Waikato, Hamil-
ton, Tauranga and Carterton for the North Island; and 
Hurunui, Selwyn, Waimakariri, Ashburton and Queen-
stown Lakes for the South Island. Alongside population in-
crease, the KiwiBuild scheme highlights that the Auckland 
and Queenstown regions will have the highest costs for 
the first home buyers due to demand. This is explained 
in an article by Henry Cooke stating that, “In Auckland 
and Queenstown there’s a price cap of… $650,000 for 
a three-bedroom - up $50,000 on the election promise. 
Outside of Auckland and Queenstown everything will be 
capped off at $500,000.”47 With a demand for housing in 
New Zealand, and an international need for self-sufficient 
homes, there is an opportunity to start a sustainable 
change to our life-style.

In designing self-sufficient homes, the previously ex-
plained 1.72 gha of bio-productive land per person, can 
be used as a guide in defining the maximum amount of 
land per home. After the maximum land area is deter-

46 Anne Gibson, “Phil Twyford reveals $2b KiwiBuild housing scheme,” 
accessed April 22, 2018, https://www.nzherald.co.nz/business/news/
article.cfm?c_id=3&objectid=11936574.
47 Henry Cooke, “Where KiwiBuild is at with one year to build 1000 
Houses,” accessed July 2, 2018, https://www.stuff.co.nz/national/
politics/105107864/where-kiwibuild-is-at-with-one-year-to-build-1000-
houses.

2.3.3 The need for self-sufficiency 
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3.0 Alternative construction methods
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3.1 Straw and timber construction
Straw bale construction reduces total carbon emissions in a home, whilst provid-
ing economic and other environmental benefits. In Andrew Alcorn’s dissertation, 
he compares calculations of carbon totals in a build. By swapping out traditional 
‘concrete slab, timber framed homes’ with timber floors, timber windows, and 
straw bale insulation, the positive effects on carbon totals were described as 
‘significant’.1 With timber and straw readily available in the Otago Region, meth-
odologies such as prefabrication can utilize these local materials, reduce environ-
mental impacts and increase efficiency.  
 

1  J. Andrew Alcorn, “Global Sustainability and The New Zealand House”, 3. 

“About one hundred years ago farmers in the sand hills of Nebraska decided to try building homes out of the one material they had an abundance of …straw. With timber 
scarce, the only alternative was the sod house. To what must have been their delight the straw-bale homes were quite comfortable and some of these early homes persist 
today, testament to the appropriateness and potential longevity of the structures.” – Jason F. McLennan The Philosophy of Sustainable Design

Alongside reducing carbon emissions, straw bales are thermally 
and acoustically insulating, have a low fire risk, are affordable and 
provide a healthy living environment.2 Timber framing, pegs or steel 
are used to contain the bails and to add structural support. Earth 
plaster is a low carbon rendering used to finish the walls. Some 
common characteristics include thick walls, of around 400-600mm, 
and generous overhangs for protection. 

Most of New Zealand’s grain crops are grown in the South Island. In 
a 2012 survey of the production of cereals in New Zealand, 87% of 
wheat (47 800 ha), 66% of barley (43 600 ha), and 51% of oats (1 
989 ha) were grown solely in the Canterbury region.3 Out of these 
totals, 41% the crop residue, which has the potential to produce 
straw bales for construction, is being burned. This process is wast-
ing carbon into the atmosphere. Straw bale construction becomes 
a solution to reduce crop residue burning by utilizing a product 
currently seen as ‘waste’. 

2 Barbara Jones, Building with Straw Bales: A practical manual for self-builders and architects. 
(Cambridge, England: Green Books, 2015) 14.
3 “Review of the role and practices of stubble burning in New Zealand, including alternative 
options and possible improvements,” Foundation for Arable Research, accessed September 
21, 2018, https://www.far.org.nz/assets/files/uploads/130809_FAR_Stubble_Burning_Re-
view_Final.pdf.

3.1.1 Brief overview of straw bale construction

Figure 10: Straw bale wall detail
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PrefabNZ encourages prefabrication within New Zealand 
claiming that is has the potential to improve quality; reduce up 
to 60% of construction time; see a 15% savings in cost; reduce 
construction waste; provide mass-customization options; 
increase productivity; and reduce health and safety risks.4 Pre-
fabrication can mitigate the risk of weather disrupting the build, 
a paramount issue in straw bale construction. Types of prefab-
rication include, component, panelised, volumetric, hybrid and 
complete building systems. 

By incorporating straw bale construction with prefabrication, 
multiple benefits can occur that better the environment and 
construction costs. A popular example is the Modcell system 
used on multiple projects in the UK.5 This systems consist of 

4 “About,” PrefabNZ, accessed June 2, 2018. http://www.prefabnz.com/About. 
5 Forsyth, Hall, and Johnston. “Is There a Place for Natural Building in New Zealand’s 

a box frame, made from sustainably sourced timber, filled 
with stacked straw bales, metal strapping for corner bracing, 
and then closed off with a vapor-permeable lime render or 
dry lining.6 Systems used in the industry today have also been 
developed to utilize loose straw, seen in the Ecococon Straw 
Panels. This process makes the most of all straw waste products 
by compressing loose straw in the timber frame. Much like the 
Modcell system, the panels can be pre-rendered for a complete 
weather tight wall system. Panels are provided with standard 
dimensions, with some variation allowed particularly in the 
vertical height to suit design requirements.7  

Conventional Housing Market?.”
6 “Modcell Straw Bale Panel System, The Self Build Guide,” Modcell, accessed July 24, 

2018. https://www.the-self-build-guide.co.uk/modcell/. 
7 “Modular Building,” Ecococon, accessed July 24, 2018. http://www.ecococon.lt/

english/modular-building/. 

3.1.2 Benefits of prefabrication in straw bale construction

Figure 11: Ecococon panel details

Figure 12: Ecococon construction
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3.2 Adobe construction

Also known as ‘mud-brick’, adobe  bricks provide an affordable, low-carbon 
solution of the walls of a home. This construction system also requires employ-
ment of low-skilled labour. Historically adobe construction has been employed 
in the Queenstown Lakes District since the 1870’s.8 A practiced method in the 
area, adobe utilizes local material whilst providing thermal mass in the building. 
Adobe construction traditionally consists of solid mud-brick, with the adaptation 
of light weight mixes investigated today. The makeup of the bricks consists of a 
wet mix of earth and a small amount of straw or other fibre to prevent cracking. 
The mixture is then formed in moulds and finally air or sun dried. Over the past 
twenty years light-weight materials have been introduced to improve the ther-
mal performance of the bricks.

8 “Werner Dairy,” Heritage New Zealand, accessed June 16, 2018, http://www.heritage.org.nz/the-list/de-
tails/2392.

In his dissertation, Alcorn investigates the use of Adobe bricks for thermal mass elements of 
a home. Adobe was chosen for its low CO2 emissions, where other earth building methods 
such as rammed earth, poured earth, pressed brick or cement stabilised abode all resulted 
in slightly higher CO2 emissions.9  

Adobe brick can vary in solid to light-weight formulas. In adding light-weight materials such 
as straw, sawdust or even paper waste, adobe bricks can be reduced dramatically in weight 
and improve upon their insulative value. This also sees the construction method utilize 
waste products, reduce strain on labour and improve the R-value of the wall. Thermal bene-
fits are utilized when the adobe walls are in the path of the sun.

9 J. Andrew Alcorn, “Global Sustainability and The New Zealand House”, 288. 

3.2.1 Benefits of adobe construction

Figure 13: Adobe construction
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One major passive design feature of adobe construction is 
its ability to absorb heat as a thermal mass. This is seen in 
the brick-veneer walls of the Te Kura Whare in Tāneatua, 
New Zealand.  The mud-bricks, with sawdust for light weight 
material, attach to the timber frame using metal brick ties. 
This reduces the need for structural requirements as the 
adobe is stabilized via the timber wall behind. The purpose 
of this method is to utilise the structural properties of the 
timber-frame, with the added benefit of the adobe brick 
thermal properties. In Te Kura Whare the adobe bricks pro-
vide insulation, moderate the humidity and absorb excess 
radiation from the heating of the building.  Adobe walls can 
also provide additional heating to a building when they are 
in the path of the sun. This allows the bricks to absorb the 
radiation and slowly release the heat after the sun recedes. 
In Te Kura Whare clays from the area were used to con-
struct the mud-bricks. The adobe wall opened community 
involvement to the construction part of the build.10 Around 
6000 earth bricks were used in the building, the production 

10 “Self-Guided Tour Pamphlet,” Te Kura Whare, 2014. 

taking 8 locals to train in the craft and later teach more than 
100 others within the community. As quoted from the Te 
Kura Whare Self-Guided Tour, “The opportunity to physically 
contribute to the creation of their tribes’ base allowed the 
people to take ownership of the building through literally 
participating in the creation of it.”11 This connection of the 
people to the build is a positive side-effect to a traditional, 
low embodied energy, construction method. 

Unlike rammed earth which McLennan states can be “com-
plex and incredibly laborious”, adobe requires minimal ‘skill’ 
and is therefore well suited to communal projects.12 A neg-
ative aspect of adobe construction is that it is not as phys-
ically strong compared to other methods such as rammed 
earth.  To combat this, timber or steel reinforcing can be 
used to provide a competitive product.  An alternative is us-
ing the mud-brick veneer method, as seen in Te Kura Whare. 

11 “Self-Guided Tour Pamphlet,” Te Kura Whare, 2014.
12 McLennan, The Philosophy of Sustainable Design, 125.

 

3.2.2 Precedent Study - Te Kura Whare: 
Location: Tāneatua, New Zealand 
Architects: Jasmax

Figure 14: Te Kura Whare
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3.2.4 Physical investigation: wall detail

In this physical investigation a 1:2 model 
of an adobe wall was constructed. The 
purpose of this investigation was to 
inform the step-by-step construction 
process of a structural adobe wall. Ado-
be bricks were pre-made as part of the 
Unitec course, Designing with Low Car-
bon Building Materials in 2017 and var-
ied from solid clay to light weight types. 
The vent system (detailed in setion 6.5) 
for the trombe wall was also constructed 
from recycled floor boards and replaced 
two bricks at the top of the 1:2 model.

 

Figure 15: Construction of adobe wall detail
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4.0 Self-sufficient living
4.1 What are the architectural requirements for self-sufficient living?

The requirements for a self-sufficient village can be defined by the basic human needs that are satisfied through 
architectural intervention. In using Maslow’s Hierarchy of Needs as an organisational tool, these basic needs are de-
fined.1  McLennan’s sustainable design strategies also fall within the self-sufficient requirements. This demonstrates 
the direct connection between sustainable philosophy and the first two tiers or requirements of self-sufficient 
design. Moving up the tiers, self-sufficiency becomes less reliant on the architecture and more dependent on the 
organizational design requirements of the inhabitants.  

1 Pierre Pichere, Anne-Christine Cadiat, and Carly Probert, Maslow’s Hierarchy of Needs: Understand the true foundations of human motivation (50 minutes, 
2015), 5. 
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4.2.1 Food Supply (Principles of permaculture): 

Tier one involves the physiological requirements for the village to 
sustain its inhabitants including food production, water sourcing 
and waste management. In outlining each requirement, a consistent 
theme of interconnectedness occurs. This highlights the equal role 
food, water and waste has in sustaining society.
 

Food production varies based on climates and the provided land-
type.2 Through landscape and architectural design, the environment 
can be harnessed to grow and preserve crops. In the text, Homes for 
a Changing Climate, Will Anderson states that, “If we are to prepare 
our homes and communities for the challenges ahead, we must 
respect their dependence on, above all things, a secure supply of 
food.”3 Providing controlled environments near or within the home 
for food production will ensure food security in the predicted chang-
ing climate. 

A self-sufficient, closed loop food supply is also an answer to the 
growing issue concerning industrial farming’s relationship to the 
reduction in bio-diversity, GHG emissions and contaminated water-
ways. In a Ministry for the Environment report it details New Zea-
land’s reliance on dairy farming stating that, “… dairying land occu-

2 Peters, Christian J., Jennifer L. Wilkins and Gary W Fick, “Land and Diet: What’s the most effi-
cient diet for New York State?” accessed May 3, 2018, http://essex.cce.cornell.edu/resources/
land-diet-what-s-the-most-land-efficient-diet-for-new-york-state.
3 Will Anderson, Homes for a Changing Climate (Foxhole, Dartington: Green Books, 2009), 148. 

4.2 Tier one:
pies only 22 per cent of the land area in Waikato, but it 
is estimated by Environment Waikato to account for 68 
per cent [sic] of nitrogen and 42 per cent [sic] of phos-
phorus entering the waterways of the region.”4 With the 
environmental impact of traditional farming methods 
severe, self-sufficiency is an immediate solution to deal 
with the issues around waste and the supply of food. 
 
Another issue with food supply is seen in the increase of 
climate variation. With this variation it is becoming hard-
er to predict crop yields and meet the supply demands, 
the common solutions today involving chemical fertiliz-
ers and irrigation from unsustainable sources. Techno-
logical quick-fix trends used historically in events such 
as the 1930’s dust bowl in the US Great Plains, continue 
today with industrialized farming.5 Again, through the 
design, architecture can harness elements such as sun 
and rainfall rather than using unsustainable methods to 
combat them. In the design of structures, for example 
glass houses, yields can also be increased and extended 
over frost months. 

With the adoption of architectural design for food 
4 “Introduction,” Ministry for the Environment, accessed August 30, 2018, 
http://www.mfe.govt.nz/publications/land/water-quality-selected-dairy-farm-
ing-catchments-baseline-support-future-water-5.
5 Brian K. Obach, Organic Struggle: The Movement for Sustainable Agriculture 
in the United States (London, England: The MIT Press, 2015), 30.

production, permaculture principles can be applied to 
create a cohesive relationship between the buildings 
and crops. As defined by Mollison, “Permaculture is a 
philosophy of working with, rather than against nature; 
of protracted and thoughtful observation rather than 
protracted and thoughtless action: of looking at systems 
in all their functions rather than asking only one yield of 
them…”6 Architecturally, structures can enable closed 
loop and passive systems with multiple benefits to assist 
in plant growth. Moreover, the organisation of buildings 
can create micro-climates to cater for a variety of crops 
and is seen in notions such as the ‘edge theory’ by Toby 
Hemenway.7 

6 Bill Mollison, Permaculture: A Designers’ Manual, 3.  
7 Toby Hemenway, Gaia’s Garden (White River Junction, Vermont: Chelsea 
Green Publishing, 2009), chap. 3, Kindle.

 

Figure 16: Diagram of self-sufficient village 
requirements 
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Human beings are dependant on water of a high, 
drinkable quality. This valued resource extends to our 
food sources and even our current waste management 
systems. In discussing the western-worlds treament of 
water, McLennan explains that “The problem is not the 
amount of water available, but the quality and distribu-
tion of that water.”8 McLennan continues to explain that 
planet Earth is comprised of 70.8 percent water, of this, 
97 percent is salt water. Of the remaining three percent, 
ninety percent is locked up in glaciers, leaving 0.0001 
percent for the fresh water we use. As previously ex-
plained, treaments of water within New Zealand alone 
have seen spoilt waterways from agriculture. Addition-
ally, one flush of our traditional toilet cistern, “requires 
more water than most individuals around the world get 
for all their water needs in an entire day.”9 
 
With global climate variation we are experiencing 
flooding and droughts, making the sustainable captur-
ing and storing of rain water paramount. Niwa climatic 
predictions for rainfall and temperature extremes over 
the next seventy years, calculate up to a twenty percent 
rainfall increase in the winter and a 3 degrees celcius 
summer temperature increase in the Queenstown Lakes 

8 McLennan, The Philosophy of Sustainable Design, 81.
9 McLennan, The Philosophy of Sustainable Design, 82.

District alone.10 The self-sufficient lifestyle must work 
within these prediction parameters, and collect enough 
water to last the summer months, while preventing 
winter floods.  

“As a species, we consume an enormous portion of the 
earth’s biological output, and yet our output-our feces 
and urine are not returned to the earth for use. We def-
ecate in our water supply, creating enormous environ-
mental and economic problems in our communities and 
then use amazing amounts of energy and chemicals to 
render this nutrient-laden, polluted water sterile.”  – Ja-
son F. Mclennan The Philosophy of Sustainable Design11

To reduce the amount of water consumed by traditional 
plumbing systems for toilets and other waste, alterna-
tive systems become crucial. The Vales outline our us-
age of these systems stating that, “In a typical four-per-
son household in the United Kingdom, about 35% of 
the total daily water consumputon of 440 l is used for 
flushing the toilet.”12 Composting toilets is a developed 
technology accessible in the Australasian continent, that 
can provide an alternative that repurposes waste and 

10 NIWA. “Our Future Climate New Zealand.” Accessed 15 May 2018. https://
ofcnz.niwa.co.nz/#/nationalMaps.
11 McLennan, The Philosophy of Sustainable Design, 69.
12 The Vales, The New Autonomous House, 111.

4.2.2 Water Sourcing and management:

“Of all our natural resourc-
es, water has become the 
most precious… In an age 
when man has forgotten 
his origins and is blind 
even to his most essential 
needs for survival, water 
along with other natural 
resources has become the 
victim of his indifference.”   
- Rachel Carson, Silent 
Spring

does not contaminate fresh water. 

Rainwater catchment is a sustainable and prac-
ticed system for the supply of water. In the text, 
The New Autonomous House, the Vales investigate 
a case study on a community in Waiheke Island in 
New Zealand, providing an example of living with-
out connection to water mains.13 The Vales explain 
that in collecting water from their roofs, locals fill 
their 25 m3 concrete tanks with the 760mm of 
rainfall, alongside sourcing water from boreholes 
as a back-up system. Although the hilly land of 
Waiheke sees the path to many homes with up to 
a 1:4 slope, the installation process of the tanks 
also had no difficulties. With remote examples, 
such as Waiheke communities, able to source 
rainwater, the technology is therefore applicable to 
mainland communities.  

After sustainable water sources are stored and 
greywater systems have recycled the water, it can 
be distributed for cultivation. In a North Carolina 
State University study, water consumption through 
irrigation for 0.4 ha of greenhouse crops is approx-
imately 83 m3 of water per day.14 In Peter Mpu-
13 The Vales, The New Autonomous House, 116.
14 Bilderback, Ted, John Dole and Ronald Sneed. “Water Supply and 

sia’s thesis, “Comparison of Water Consumption 
between Greenhouse and Outdoor Cultivation”, 
he outlines that, “Greenhouse cultivation reduc-
es evapotranspiration (ET) to about 70% of open 
field, therefore improving the water use.”15 Mpu-
sia continues to explain that outdoors, one ton 
of tomatoes requires 50 m3 of water, and inside 
a greenhouse, 30 m3. Through the controlled 
environment in a glass house, water consumption 
is reduced, and alongside rainwater harvesting a 
sustainable food source can be obtained. 

Water Quality for Nursery and Greenhouse Crops.” Accessed Septem-
ber 18, 2018. http://www.nurserycropscience.info/water/source-wa-
ter-quantity/extension-pubs/extension-pubs. 
15 Peter Tipis Ole Mpusia,  “Comparison of Water Consumption 
between Greenhouse and Outdoor Cultivation” (Ph.D., International 
Institute Geo-Information Science and Earth Observation, 2006), 11, 
ftp://ftp.itc.nl/pub/naivasha/ITC/Mpusia2006.pdf.
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Sustainable philosophies such as Braungart and Mc-
Donough’s cradle-to-cradle, and McLennan’s ‘seven 
generations principle’ all conclude that the relationship 
between ‘waste’ and resources is a closed loop process. 
Where wastes from one product become a resource for 
another. 

As previously outlined for human sewage, composting 
toilets and grey water systems can be used to return what 
was waste into a resource for the environment. For hu-
man effluent, distribution of the by-products can fertilize 
plant-life used in landscaping rather than vegetation asso-
ciated with food products. To generate compost for culti-
vation, composting systems, much like in the treatment of 
sewage, can repurpose remaining household wastes and 
garden waste. For larger amounts of waste from public 
amenities and cultivation, large in-vessel systems like the 
‘Earth Flow Custom Vessel’ composting system, can mix-
ing up to 3 tons per day.16  

The re-purposing of waste to compost feeds directly back 
into the food supply sector, which additionally depends on 
the water sector. The connection of categories in tier one 
show they are dependent on each other, much like the 
natural cycle of life. 

Designing to reduce construction waste also falls under 

16 “Earth Flow Custom Vessel,” Green Mountain Technologies, accessed Septem-
ber 10, 2018, http://compostingtechnology.com/in-vessel-composting-systems/
earth-flow-custom-vessel/.

the umbrella of waste management. With the use of 
low-carbon and bio-based materials, such as straw bale, 
adobe and timber construction, waste or surplus can be 
naturally returned to the environment it was sourced 
from.

Designing to reduce construction waste is another ele-
ment of sustainable waste management. According to a 
paper by Sven Hanne and Carol Boyle from the University 
of Auckland, construction waste accounts for 20.1% of 
total landfill wastes in New Zealand.17 In the journal arti-
cle, “Economising subsidies for green housing features: A 
stated preference approach”, the research suggests one 
solution to reducing construction waste is through using 
prefabricated elements in design.18 Alongside reducing 
waste, design principles from the Living Building Chal-
lenge, as previously described in the document, specify 
an understanding that we must also design for the ‘end-
of-life’ phase of a building.  This includes disassembly of 
materials, and the avoidance of ‘red-list’ materials that 
contain harmful treatments, which can be devastating to 
people and the environment.19  
17 Sven Hanne, Carol Boyle. “Source Separation of Construction Wastes in 
New Zealand,” accessed September 10, 2018, https://www.wasteminz.org.nz/
wp-content/uploads/SOURCE-SEPARATION-OF-CONSTRUCTION-WASTES-IN-
NEW-ZEALAND.pdf.
18 “Living Building Challenge, Materials Petal Intent,” International Living Future 
Institute, Accessed April 23, 2018, https://living future.org/lbc/materials-petal/.
19 Justine Harvey, “Toxic Declaration,” ArchitectureNow, September 2015, 
accessed September 5, 2018, http://architecturenow.co.nz/articles/toxic-decla-
ration/. 

4.2.3 Waste Management:

“In nature, nothing is 
ever wasted but be-
comes a key part for 
another organism or 
another system. One 
animals waste is anoth-
er’s food. And so on.” – 
Jason F. McLennan

Figure 17: The problem with waste
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Tier two builds upon the physiological needs by improving the quality of basic 
needs. This provides residents with a sense of security, through comfort (ener-
gy, heating etc.) and ownership (private dwellings).  

Modern society has become dependent on energy and is commonly obtained 
from unsustainable resources such as fossil fuels. An alternative is renewable 
energy systems, with different options to suit individual climates. In New 
Zealand, 40 percent of the countries energy in 2016 was from renewable 
energy sources, which were mostly sourced from hyrdro and geothermal 
activity. In rural areas where connection to the grid can cost up to $25 000 per 
km, a renewable off-grid system can have both environmental and economic 
benefits.20 Passive design can also reduce a buildings dependence on energy 
to control internal environments. Only renewable energy systems applicable 
to the project are investigated. 

Solar power is a widely available renewable energy source within New Zea-
land, but only accounts for 0.1% of our total renewable energy.21 The financial 
cost of photovoltaics (PV) has decreased to approximately $9 000 for a 3kW 
system, a quarter of the price it was ten years ago, requiring approximately 
20m2 roof area. New technological development in batteries and other sys-
tems continue to increase efficiency and reduce costs, making it more acces-
sible to the masses. Additionally, solar hot water systems can be installed, 
with back-up heating systems connected to battery stores. Te Kura Whare in 
Taneatua is an example of a building fully powered by solar energy, connected 
to the grid as a back-up precaution and to sell excess energy.22  

20 “Small wind turbines,” EECA Energywise, accessed September 24, 2018, https://www.energywise.govt.
nz/at-home/generating-energy/small-wind-turbines/.
21 “Solar,” EECA, accessed September 24, 2018, https://www.eeca.govt.nz/energy-use-in-new-zealand/
renewable-energy-resources/solar/.
22 “Living Certified, Te Kura Whare,” Tuhoe, accessed August 30, 2018, http://www.ngaituhoe.iwi.nz/

 
Small scale hyrdo solutions include micro or mini-hyrdro generation and 
can cost between $10 000 to $15 000 for a basic domestic system.23 These 
systems have an output of approximately 5kW and 22MWh annually.24 De-
pending on the chosen system and waterflow, the number can also be as little 
as 1kW or reach 20kW.25 In supplying power for the masses, as explained by 
Peter Van Ness and Mel Gurtov in the text, Learning from Fukushima, hydro 
power will struggle to compete with wind and solar technologies due to their 
reliance on unconstrained resources.26 Therefore hydro must consider the 
implications on its limited resource, the surrounding environment and bio-di-
versity. An additional benefit of hydro power is its ability for 24/7 production, 
unlike wind and solar energy systems, if the river source is constant. The 
Cardrona river is an example of a constant source.

Wind technologies on a domestic scale tend to cost between $10 000 to $15 
000 per kW capacity.27  To power an individual home the cost per kW is signifi-
cantly higher than micro-hydro and solar technologies. 

Wind = $15 000 per kW
Solar = $3 000 per kW  (9000 / 3)
Micro-Hydro= $3 000 per kW (15 000/5)
Estimations made using maximum energy potential and costs provided from EECA, energywise.govt.nz

Living-Certified-Te-Kura-Whare.
23 “Solar,” EECA, accessed September 24, 2018, https://www.eeca.govt.nz/energy-use-in-new-zealand/
renewable-energy-resources/solar/.
24  “How much energy could I generate from a hydro turbine?” Renewables First, accessed September 10, 
2018, https://www.renewablesfirst.co.uk/hydropower/hydropower-learning-centre/how-much-energy-
could-i-generate-from-a-hydro-turbine/.
25 “Hydro power,” Smarter Homes, accessed September 10, 2018, https://www.smarterhomes.org.nz/
smart-guides/power-lighting-and-energy-saving/hydro-power/.
26  Andrew Blakers, “Sustainable energy options,” in Learning from Fukushima: Nuclear power in East Asia 
(Canberra, ACT: ANU Press, 2017), 325, https://www.jstor.org/stable/26234014.
27 “Small wind turbines,” EECA Energywise, accessed September 24, 2018, https://www.energywise.govt.
nz/at-home/generating-energy/small-wind-turbines/.

4.3.1 Renewable energy sourcing: 

4.3 Tier two:

Figure 18: Renewable energy
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Individual spaces in a self-sufficient village, can provide resi-
dents with a sense of responsibility and personal satisfaction. 
This becomes a crucial aspect of the social sustainability in 
the design of a village. In an investigation of housing studies 
in the journal article, “Housing aspiration in an informal urban 
settlement: A case study”, the defined requirements for future 
housing developments include: secured tenancy, activity space, 
privacy and neighbourhood safety.32 

Land consumption from the built environment is becoming a 
global issue. The Vales outline average home areas from a 2006 
survey where new homes in New Zealand were said to average 
177 m2.33 To compare, Statistics New Zealand calculated that in 
2016 new homes averaged 182 m2, showing a 0.02% increase 
in size.34  

Shared spaces can be utilized to reduce land consumption, 
energy usage and costs. In the text, Shared Living on a Shared 
Planet, by Anitra Nelson, she explains that success in small and 
shared living is about, “a modest haven, fondly called ‘home’, 
socialising in streetscapes and ‘greenscapes’ nearby, working 
at home or in a conveniently located shared office space…”.35  
Nelson highlights that shared spaces can provide the location 
for residents to form social connection between each other. 
Nelson additionally argues that through sharing, sustainable 
building techniques; living spaces; energy, water and food 
sources; and waste systems, communal living sees the environ-
mental benefits.

32 A. P. Opoko, E. O. IBEM, and E. K. Adeyemi, “Housing aspiration in an informal urban 
settlement: A case study,” Urbani Izziv 26, no. 2 (December 2015): 124. 
33 The Vales, Time to Eat the Dog? 130.
34 “We’re building bigger 40 years on,” StatsNZ, accessed August 14, 2018, http://
archive.stats.govt.nz/browse_for_stats/industry_sectors/Construction/building-big-
ger-5oct-16.aspx.
35 Anitra Nelson, “Less Is More: Living Closely on a Finite Planet,” in Shared Living on a 
Shared Planet (Pluto Press, 2018), 8, https://www.jstor.org/stable/j.ctt1zk0mpz.7.

4.3.3 Homes: 
Passive design involves harnessing natural elements 
to provide a ‘comfortable’ environment within a 
space.28 McLennan discusses the benefits harness-
ing the climatic conditions can have, such as venti-
lation and passiving heating as tools to reduce the 
buildings reliance on  mechanical systems.29 Thermal 
comfort is the design driver for passive design and 
depends on a response to radiation, convection, 
evaporation and conduction. To control these 
elements of thermal comfort, design decisions can 
utilize orientation, glazing, thermal mass, insulation 
and ventilation.30 In the section drawings from Nick 
Hollo’s, Warm House Cool House, passive systems 
are shown. 31 
28 Nick Hollo, Warm House Cool House (Marrickville, NSW: Choice 
Books, 1995) 16. 
29 McLennan, The Philosophy of Sustainable Design, 69. 
30 Nick Hollo, Warm House Cool House, 19. 
31 Nick Hollo, Warm House Cool House. 

4.3.2 Passive design: 

Figure 19: Conservatory for heating

Figure 20: Operation of a trombe wall

Figure 21: Clearstory windows
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4.5 Tier four:

 
Much like tier three, this final tier involves the value of occupa-
tion and sense of purpose. Within a self-sufficient community 
personal jobs provide economic security, but overall ‘success’ 
of the village requires a collective effort from the residents. 
Self-sufficiency is therefore not only attributed to technolo-
gy and the environment, but the output from its inhabitants. 
Achieving this self-sufficiency can also provide individual resi-
dents with a sense of importance and accomplishment.39

39 Bill Mollison, Permaculture: A Designers’ Manual, 532. 

4.5.1 Maintenance and shared responsibilities:

4.6 Summary
In organising a self-sufficient village, the first tiers need to sustain 
basic needs of the residents. In doing so, environmental impacts 
must be valued at the highest so the land can continue to support 
its inhabitants. Consequently, when the remaining tiers that involve 
social and economic stability, build upon their preceding tiers, envi-
ronmental values are upheld. 

4.4 Tier three:
Unlike tiers one and two, which focus on environ-
mental stability, tier three draws attention to the im-
portance of social and economic stability. In design of 
the village, social connection can be enhanced, and 
financial security can be provided. This additionally 
connects residents to the wider community, provid-
ing a sense of purpose and belonging. 

Shared spaces not only have environmental benefits, 
but can help form social connections within a com-
munity. The community spaces investigated exclude 
areas within communal homes such as private gar-
dens or shared eating spaces.  

In Earthaven, an eco-village in the United States 
of America, public buildings service social events, 
provide work environments and facilitate education-
al classes. One example is Earthaven’s Council Hall 
building, built by the community using straw-bale 
construction.36  

Community buildings can also provide the location to 
house businesses for internal economic stability. In 
the text, Creating a Life Together, by Diana L. Chris-
36 “Ecovillages: Lessons for Sustainable Community,” Earthaven, accessed 
September 20, 2018, https://ecovillagebook.org/ecovillages/earthav-
en/. 

tian, she investigates the economic foundation of 
the eco-villagers from Lost Valley.37 Christian explains 
that Lost Valley provides spaces for small business-
es, such as massage therapy, with larger spaces for 
their educational programme that employs 15 locals. 
These businesses attract people from the neighbour-
ing towns, providing jobs and income for the Lost 
Valley residents. When discussing Christian’s findings 
from multiple eco-communities, she stated that 
many founders wished they had more viable commu-
nity businesses to employ the residents as an initial 
requirement in the design of their villages. 

Educational programmes will not only provide many 
residents with employment but connect the wider 
community to the village and help spread knowledge 
of sustainable practices. Like Lost Valley, Earthaven 
provides educational workshops and conferences in 
their village, teaching permaculture and earth build-
ing practices amongst many others.38 This sees the 
villagers thrive economically within the village itself. 
Other communities that host workshops under the 
umbrella of ecological sustainability in New Zealand 
include, Camp Glenorchy, Otamatea Eco Village, and 
Earthsong, Eco-neighbourhood. 

37 Diana L. Christian, Creating a Life Together (Gabriola Is, BC: New Soci-
ety Publishers, 2003) chap. 14. Adobe Digital Editions.
38 “Frequently Asked Questions,” Earthaven, accessed Septemner 20, 
2018, http://www.earthaven.org/faq/#12.

4.4.1 Community/public spaces:  
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5.0 Precedents
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This investigation groups eco-communities and self-sufficient models together 
to find the commonalities and differences between them. This determines the 
organisational guidelines for designing a self-sufficient village.  
 
 

 
- Meadowsong, Lost Valley, United States of America 
- Earthaven, United States of America
- Otamatea, New Zealand  
- Earthsong, New Zealand

 

- Regen Village, Netherlands (to be built)
- Study from One Block Off the Grid (1BOG)  
- Auroville, India  

5.1 Villages

Eco-communities:

Self-sufficient models:

Figure 22: Precedent locator diagram
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5.1.1 Public & Private Zone Study

Earthaven Eco-village1: 
 
Location: NC, USA
Population: circa 85 members
Land area: 133 ha
Housing types: Free standing & commonwall homes
External community: Campgrounds and education centres

- Public/shared zone and private zones defined. 
- Road access connects private zones
- Public have their own campground space in shared zone

1 “Earthaven Ecovillage,” Earthaven, accessed September 20, 2018, http://www.
earthaven.org/.

ReGen Villages2:

Location: Almere, Netherlands
Population: up to 400 members
Land area: 20.2 ha
Housing types: Free standing homes
External community: No intent in design to connect village to external 
community. Internal community learning centres provided.

- No connection to external community 
- No single path of access through village
- Public and shared spaces less defined
- Private spaces around the parameter enclose the village. 
- Private spaces scattered in shared zone create interaction within the 
community. 

2 Dana Varinsky, “The ‘Tesla of eco-villages’ is developing off-grid villages that grow their own food 
and generate their own power,” Business Insider Australia, last modified September 29, 2016,  
https://www.businessinsider.com.au/self-sufficient-village-regen-2016-9?r=US&IR=T.

Earthsong Eco-neighbourhood3:

Location: Ranui, Auckland NZ
Population: circa 70 members
Land area: 1.29 ha
Home types: Commonwall homes
External community: Education centre, restricted access

- Shared zone and private zones defined. 
- Restricted public access 
- Road access restricted, parking on edges of village
- Road access for emergency vehicles and temporary services 
inside the private zone

3 “Earthsong Eco-Neighbourhood,” World Habitat, accessed September 20, 2018, 
https://www.world-habitat.org/world-habitat-awards/winners-and-finalists/earth-
song-eco-neighbourhood/.

Earthaven and Earthsong both have similar organisation 
methods, with separate zones for shared/public and pri-
vate areas. All villages locate the public buildings such as 
educational centres in the shared/public zones (shown in 
the dark red rectangles). Road access is uninterrupted in 
Earthaven, and is the only village in this analysis to have 
designated public accommodation. Road access in Regen 
villages and Earthsong is restricted to the outside of the 
village, encouraging walking within village boundaries.

The design of ReGen Village is organised for privacy of 
the residents. To create this privacy the ReGen Village 
locates the homes on the boarder of the village. Similar-
ly, Earthsong keeps the housing separate to the shared 
spaces, with public access solely for planned events. 
The projects brief is in line with Earthaven and Earth-
song where public access is required to infiltrate the 
wider community. Like Earthsong, car access outside 
the village boundaries will be designed into the village. 
In understanding the importance of car access, public 
accommodation should be located near the carparks. 
Earthaven also highlights the potential of full-time public 
access for economic reasons and to spread ideologies of 
sustainable living to the wider community.

Summary:

Figure 23: Public and private zone studies
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5.1.2 Comparison: land consumption

[1] Earthsong, New Zealand4 
Education on site
Land area: 1.29 hectares
Total Residents: 70
Land area ratio (land area : per person): 228m2 : 1(15mx15m)

[2] Regen Village, Netherlands5 
Land area: 20.2 hectares
Total Residential: 100 homes 
Total Residents: 300-400 (supports up to 4 people per home max)
Monthly fees per family (+mortgage, payment for external labour): $560
Land area ratio (Total area : Per Person): 505m2 : 1 (22.5mx22.5m)

[3] Meadowsong, Lost Valley, United States of America6 
Education and accommodation on site
Land area: 35.2 hectares
Total Residents: 35 permanent, 150 student residents
Land area ratio (land area : per person): 1900 m2 : 1 (43.6mx43.6m)

[4] Study from One Block Off the Grid (1BOG)7 
Land area (food): 0.8ha
Land area (residential): 186m2 
Total Residents: 4
Land area ratio (land area : per person): 2050m2 : 1 (45.3mx45.3m)

 

4 “Earthsong Eco-Neighbourhood,” World Habitat, accessed September 20, 2018, https://www.world-habi-
tat.org/world-habitat-awards/winners-and-finalists/earthsong-eco-neighbourhood/.
5 “The ‘Tesla of eco-villages’ is developing off-grid villages that grow their own food and generate their 
own power,” Dana Varinsky, Business Insider Australia, last modified September 29, 2016,  https://www.
businessinsider.com.au/self-sufficient-village-regen-2016-9?r=US&IR=T.
6 “Meadowsong Eco Village,” Global Ecovillage Network, accessed September 15, 2018, https://ecovillage.
org/project/meadowsong-ecovillage/.
7 Dawn Gifford, “How Much Land Do You Really Need to Be Self Sufficient?” Small Footprint Family, 
accessed May 18, 2018, https://www.smallfootprintfamily.com/how-much-land-is-needed-to-be-self-suffi-
cient.

[5] Auroville, India8 9 
The analysis of this city will only include the Residential Zone and 
Green Belt as the research project itself is only seeking to achieve 
the specified essential areas of self-sufficiency.
Land Production area: 486 hectares farming
Residential Area: 189 hectares, 55% green (103ha) and 45% built (85ha) proposed
Total Residents: currently 2,500 (goal 50,000)
Land area ratio (Residential + Productive Green : Per Person): 
                114.2m2 : 1 (goal)  (10.7mx10.7m)
                2200m2 : 1 (current) (46.9.x46.9m)

[6] Earthaven, United States of America10 
Education on site
Land area: 133 hectares
Total Residents: 85
Land area ratio (land area : per person): 1.56ha : 1 (124.9mx124.9m)

[7] Otamatea, New Zealand11  
To make up for the low population per acre the community offers working accommodation 
(WWOOFing). 
Land area: 102ha 
Personal lots (residential and garden): 31 ha (15lots total) 
Monthly fees: minimum 12hr work (on communal land) 
Land area ratio (land : per person assuming 4 people per lot): 2.2 ha : 1 (148.3mx-
148.3m) 
 
 
 

8 “Census September 2018 – Auroville population,” Auroville, accessed August 15, 2018, https://www.
auroville.org/contents/3329. 
9 “City Layout,” Auroville, accessed August 15, 2018. https://www.auroville.org/categories/5.
10 “Earthaven Ecovillage,” Earthaven, accessed September 20, 2018, http://www.earthaven.org/. 
11 “Community Structure,” Otamatea Eco Village, accessed September 8, 2018, http://www.otamatea.org.
nz/community/index.htm.

1
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5

Figure 24: Land consumption diagram
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This analysis uses the three self-sufficient village models to investigate the 
amount of land area needed to support a self-sufficient village. The area 
of consideration is the food production land. Energy consumption is not 
analysed as numbers have been previously determined in ‘Tier Two’ of the 
self-sufficiency literature analysis. 

Current Consumption:
Abtained from the Vales, Time to Eat the Dog?, Cardiff Study12: 
Current average yearly Land for food : 1.2 gha per person (2 dp)
Total without dairy, beef and alcohol: 0.42 gha per person (2dp)

Self-sufficient life-style consumption breakdown: 
As a starting point, the 1BOG study is used as it determines the types of food 
production and the yearly land consumption. The land consumption analysis 
diagram in figure__ demonstrates that the 1BOG study is within the 114.2m2 
to 2200 m2 bracket of land required that was set out by the other self-suffi-
cient villages. 1BOG suggests 2050m2 per person. Dairy and beef are re-
moved from the dietary requirements due to the high land consumption, of 
which the 1BOG study has already opt out.

1Bog study13:
Average yearly Land for food: 0.8518 gha for a family of 4 
Fruit & Vegetables: 0.7123 gha
Wheat: 0.1115 gha 
Corn: 0.0245 gha
Meat, Eggs, Dairy (Goat): 0.0035 gha 
Average yearly Land for food: 0.213 gha per person

12 The Vales, Time to Eat the Dog?, 40. 
13 Dawn Gifford, “How Much Land Do You Really Need to Be Self Sufficient?” Small Footprint Family, 
accessed May 18, 2018, https://www.smallfootprintfamily.com/how-much-land-is-needed-to-be-self-suffi-
cient.

5.1.3 Land consumption analysis

Beef & Dairy (Cow) > 60% 

Figure 25: Land consumption cattle

Figure 26: Land consumption diagram with 
1BOG study
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5.2 Greenhouses

- Glasshouse defined from interior dwelling spaces.  
- Tend to be smaller in size  
 - Timber framing common  
- Located on the facade in the path of the sun  
- Utilizes thermal mass
- Passive heating for home
- Good for domestic use, house plants, seating area 
and vege gardens 

Examples: Earthship Te Timatanga (Hikuai, Waikato 
NZ), The Autonomous House (Southwell, England)

- Homes fully enclosed by glasshouse structure - 
Large, expensive
- Steel framing with glass
- Provides large controlled outdoor space, good 
for harsh environments
- Full disconnect from the outside environment
- Allows for expansion of home inside the glass-
house
- Passive heating for home

Example: ReGen Villages (Almere, Netherlands)

Type 1: Lean to/conservatory Type 2: Full enclosure

5.2.1 Greenhouse Types

- Similar to ‘full enclosure’
- Interior spaces connect the exterior envi-
ronment to the glasshouse
- Steel framing with glass
- More for leisure space rather than growing 
produce
- Provides large protected area

Example: Kelly House (Paraparaumu, Kapiti 
Coast NZ)

- Structures completely independent 
from the homes
- Larger industrial style - Steel frame with 
polycarbonate, acrylic sheets or film
- large-scale production
- High-tech mechanical and irrigation 
systems.  

Example: Southern Paprika Glasshouses 
(Warkworth, NZ)

Type 3: Semi-enclosed Type 4: Free standing

Figure 27: Greenhouse types, sketches by author
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Glasshouse: 73 units
Indoor: 78 units 
Roof opening: 19 units
Total area (glasshouse + indoor) = 151 units

Glasshouse % = 73/151
                          = 48.3%
         Indoor % = 78/151
                          = 51.7% 
Roof opening % of glasshouse = 19/73
                                                       = 26%

Proportion estimates

Proportion estimates calculated by drawing a grid over the floorplan. Squares or ‘units’ that are 
filled by a particular building type (e.g. glasshouse floor area) are then counted. Units are then 
added to make an estimation of the total area, rounded to the nearest whole number. In this 
wind-rain house the floor area of the glasshouse, indoor spaces and roof opening are estimated. 

5.2.2 Nigel Cook wind rain house

The Kelly House is a private residential dwelling notable for the detached 
rooms enclosed by a glasshouse. The purpose of this was to provide a 
sheltered outdoor area from the rain, wind and short summers.14  The sys-
tems in the greenhouse, for example the roof vents, are mechanical and 
allow for optimum control over the internal environment. 

The barn red ‘internal spaces’ or the rooms are separated based on func-
tion. Walls of the internal spaces that open to the glasshouse resemble 
the exterior facades. The only notable difference is steel cladding on the 
exterior. The glasshouse consists of a metal structure closed in with glass, 
and a polycarbonate-like cover for the roof vent system. 

The purpose of this precedent is to investigate the relationship between 
the area of the glasshouse and the interior rooms. The ventilation system 
is also analysed to understand the roof opening area required to ventilate 
the glasshouse space.

14 “236. Nigel Cook Kelly House (Wind/Rain House),” OfHouses, accessed May 12, 2018, 
http://ofhouses.tumblr.com/post/131138036315/236-nigel-cook-kelly-house-windrain-
house. 

Kelly House (Wind/Rain House) 1988
Architect: Nigel Cook 
Location: Paraparaumu, New Zealand

Figure 28: Wind rain house airflow study, sketch by author

Figure 29: Nigel Cook’s wind rain house

Figure 30: Interior verses glasshouse area analysis
Figure 31: Exterior wind rain house
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Southern Paprika Limited (SPL) production buildings consist of 22 ha of glasshouses.15 SPL uses closed-
loop systems and energy efficient technologies to reduce their environmental impacts.  

Closed-loop
For water management, an irrigation system treats and reuses irrigation water, cycling it 
throughout the glasshouses. The water that is unable to be recycled is applied to local farm-
land. Water is sourced from rainwater collection off the roofs and additional bore water for 
back-up. Waste from capsicum plants, for example damaged fruit or plant stalks, is compost-
ed and recycled to prevent pollution. Packaging for the capsicums is also made from recycled 
food grade card board.  Although SPL use gas heating to keep temperatures between 21-29 
degrees, exhaust gas is condensed from this process. Once the waste product is condensed 
CO2 is extracted and pumped into the glasshouse to enrich the air, increasing yields by up to 
15%. SPL is currently investing in research toward bio-fuels to heat their glasshouses. To deal 
with pests, beneficial insects are introduced into the glasshouse rather than insecticides and 
other chemicals. 

Community
With recent advances in climate change, the island nation of Kiribati has faced the need 
for re-location due to sea levels rising.16  New Zealand has taken in the Kiribati people, 
and Southern Paprika is known for employing 70 to 80 permanent Kiribati workers and 38 
seasonal.17  With internal climates of the glasshouses similar to Kiribati, it provides a familiar 
work environment for the people as they assimilate into the New Zealand community.  Kiri-
bati President Anote Tong is quoted by a local newspaper saying that, “Warkworth is leading 
the way in enabling people from Kiribati to resettle with dignity”.18  50% of the crop is sold 
domestically, with the rest predominately sold to Japan. 

Interior systems
In the above ground ‘planter boxes, Cocopet is used which is an extracted material from the 
coconut husk.19 This system provides the plant with good water and nutrient retention  

15“About Us,” Southern Paprika Limited, accessed August 20, 2018, http://www.southernpaprika.co.nz/.
16 Farquhar, Harriet. “Migration with Dignity: Towards a New Zealand Response to Climate Change Displacement in 
the Pacific.” Honours, Victoria University of Wellington, 2014. https://researcharchive.vuw.ac.nz/xmlui/bitstream/
handle/10063/4302/thesis.pdf?sequence=2.
17 “Warkworth Kiribati resettlement role praised,” Local Matters last modified February 29, 2016, https://www.lo-
calmatters.co.nz/news/10266-mahurangi-news-archives-march-2016-warkworth-kiribati-resettlement-role-praised.
html. 
18 “Warkworth Kiribati resettlement role praised,” Local Matters.
19 “Southern Paprika,” Rural Delivery, last modified July 2016, https://www.ruraldelivery.net.nz/stories/South-

 
 
 
 
 
properties, providing control over the amount of water distributed. An irrigation system 
feeds water directly to the base of the plant. A computer system controls C02, humidity, 
temperature levels and ventilation of the glasshouses. There is a three-month organisation 
to produce crops, which enables uninterrupted year-round production. Result is around 
30kg of fruit per square meter, producing 20 to 30 times more than traditional out-door 
methods.20 

Glasshouses
Openable roof area for ventilation, mechanically controlled by computer system. Fused glass 
is used to distribute light across the full height of the plant, increasing photosynthesis. A 
modular steel structure is repeated with gable roofs and space framing. Beams support roof 
structure wherever space framing is located, this provides the large hectare size areas. En-
ergy screens, commonly made from woven aluminium strips and acrylic or polyester, reduce 
the heat requirements by up to 40% on cold night. These energy screens are installed on the 
roofs of the glasshouses. 

ern-Paprika.
20 “About Us,” Southern Paprika Limited. 

5.2.3 Southern Paprika Glasshouses 

Location: Warkworth, Auckland, New Zealand
 Type: Large-scale industrial food production

Figure 32: Southern Paprika Glasshouses

Figure 33: SPL irrigation system diagram
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5.3 Eco-buildings
5.3.1 Te Kura Whare

Built under the standard, the Living Building Challenge (LBC), the Te Kura Whare utilised 
local labour, materials and renewable systems to fulfil the requirements. One of the most 
challenging standards, the LBC has led the architecture of Te Kura Whare to benefit the 
wider community environmentally, socially and economically.21 It is the first example of an 
LBC building in New Zealand and the southern hemisphere. The building is now used by the 
Ngāi Tūhoe iwi tribe for various community activities. 

Significant to this building is the way it achieved the requirements set out by the LBC known 
as ‘petals’. The petals with unique relevance to this research project are outlined, including 
SITE, WATER, ENERGY and MATERIALS.22 

SITE 
Prior to build the site was on a greenfield, zoned as Rural Farmland.23 Alongside construc-
tion, native plant-life was re-introduced throughout the site, additionally encouraging the 
rejuvenation of native wildlife. Productive land was also designed into the northern area of 
the building near the café, suppling some food for the business and for teaching sustainable 
harvesting. Other purposes for productive landscaping include preserving traditional meth-
ods of medicine and fibre crafts. 

WATER 
All water used in the building is obtained through a roof rainwater catchment system, with 
a maximum potential of collecting 123,000 litres per month.24 After collected from the roof, 
a First Flush System is used to capture debris and impurities from the initial portion of the 
water.  Botanical Wastewater Treatment System fully treats waste water and is disposed of 
at drinking quality into a field. This system treats 5 000 litres of black water a day. Flooding 
and storm water issues with the site are dealt with by directing it into ‘sink-hole’/storage 
pond, reaching full capacity in the winter.  
  
21 Sarah Rothwell, “Te Kura Whare: NZ’s 1st Certified Living Building,” last modified May 23, 2017, https://www.
jasmax.com/news/te-kura-whare-new-zealand-s-first-certified-living-building/.
22 “Self-Guided Tour Pamphlet,” Te Kura Whare, 2014.
23 “Living Certified, Te Kura Whare,” International Living Future Institute, accessed April 18, 2018, https://living-fu-
ture.org/lbc/case-studies/te-kura-whare/.
24 “Living Certified, Te Kura Whare,” International Living Future Institute. 

ENERGY 
Solar power, roof mounted photovoltaics - Total of 352 panels, watts per panel is 250W.25  
Tilt of panels varies betweem, 11- 25° all facing north with the kilowattpeak (kW) totalling 
at 88kW. Battery bank stores additional power for night consumption, yet inefficiencies in 
the system mean the building is connected to the grid. Net energy supply is positive. Esti-
mated yield from the solar power is 125 mWh/yr. For hot water a solar hot water system is 
used with an alternate gas-fired hot water heater for kitchen and big events. North facing 
glazing with eaves to control summer and winter sun. Low-e, argon filled, thermally broken 
double glazing. Adobe brick walls and concrete supply additional thermal mass for heating. 
Back-up energy-efficient heat pumps and heat recovery ventilator system assist tempera-
ture control in winter months. 

MATERIALS
As outlined by the LBC materials used in the build must not be part of the ‘Red List’ which 
includes treatments and chemicals toxic to people and the environment.26 In the construc-
tion of Te Kura Whare most of the construction involved the use of timber, including Abo-
do’s FSC-certified eco-timbers.  More than 75% of the materials were also sourced within a 
100km radius including local timber, and clays from surrounding rivers.  Investigation of the 
clays application for the adobe mud-brick walls are outlined in section 4.2.2 of this docu-
ment. 

 

25 “Living Certified, Te Kura Whare,” International Living Future Institute.
26 “Living Certified, Te Kura Whare,” International Living Future Institute.

Location: Tūhoe, Tāneatua, New Zealand
Architects: Jasmax
Number of occupants: 50
Project area: 539.5 m2

Findings 
In comparison to the proposed Cardrona Village site, the climate in the Whakatane District receives greater hours of sun and more rainfall 
annually. Since the Te Kura Whare can support approximately 50 temporary occupants, the design for the Cardrona eco-village can use similar 
systems, but must additionally ramp up numbers to suit the climate and projected village population. 

Figure 34: Climate comparison diagram

Figure 35: Te Kura Whare water systems
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This home by Nigel Jones is in a cool-temperate 
climate. Most of the house was constructed by the 
home-owner using local materials.27 This is an exam-
ple of a smaller home that is seeking to reduce the 
external surface area of the building through com-
pact design. The purpose of this is to reduce heat loss 
and to minimize the amount of interior space that 
will require heating.  

 Organisational diagram shows the public spaces in 
one concentrated group. This leaves one internal 
environment to control during the day. This also 
provides the opportunity to heat the private spaces 
when they become used.  

27 Nick Hollo, Warm House Cool House (Marrickville, NSW: Choice 
Books, 1995) 55.

Floorplan Study 1

Location: Hobart, Tasmania, Australia 
 Architect: Nigel Jones

The home is designed for a hot-humid climate. The floor plan is 
orientated to maximise use of the prevailing winds and to cool 
the home.28  The living spaces are located on the upper floor 
with storage on the bottom, this is also to enhance the use of 
prevailing winds. Large eaves block out most of the annual sun. 

Organisational diagram shows the public spaces lined up 
together towards the ‘north’ end of the home. The bathroom 
is kept to the south as the function of the room doesn’t require 
any direct sunlight. Private spaces are also to the south end of 
the building but get some direct sunlight in the late afternoon. 

28 Nick Hollo, Warm House Cool House, 63.

Floorplan Study 2

Location: Batchelor, Northern Territory, Australia
Architect: Supergrass Architects 

5.3.2 Comparison: Passive home floorplans

Figure 36: Floorplan study 1

Figure 37: Floorplan study 2
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The home is part of a housing development that uses environmental 
concerns as a design driver.29 The climate is temperate, so heating 
and cooling are both of equal concern. In applying passive design 
features from the ‘Floorplan Study 1’, this house would benefit if 
the garage was removed and the floorplan flipped. The living space 
would then be in the path of the sun and the private spaces to the 
north end of the building. This will enable the building to harness the 
suns heat for the winter.

29 “Pringle Creek Community History,” Pringle Creek Community, accessed August 4, 
2018, http://pringlecreek.com/about/history/.

Floorplan Study 3
Pringle Creek House - Serra Home   
Location: Salem, Oregon, USA

Comparison: Outdoor verses interior spaces

The Pringle Creek Village in Salem, Oregon is a new housing development 
designed to be in balance with nature.30 The development offers new homes, 
community spaces, gardens, greenhouses and orchards for the residents. 

The ‘Pringle Creek House’ provides a comparable example for sustainable 
living with an indoor-outdoor transitional space. Like the Kelly House, this 
space is sheltered, but only with a closed roof and open walls. This can be 
attributed to the climate of Oregon which has an annual average high tem-
perature of 17.5oC and 1006mm of rainfall.31 In Wellington, near Paraparau-
mu, the climate averages for temperature highs is at 15.9oC and 1215mm 
for rainfall.32  Windspeeds in Paraparaumu also average at 16.2km/h annually 
and 8.8km/h for Oregon. 

For this reason, the Pringle Creek House is analysed for its covered outdoor 
area as the climate is less harsh, but still uses an indoor-outdoor interme-
diate space. This study concludes that both homes provide a larger interior 
living space, with the average of the two at 56 % for the interior living and 44 
% for the sheltered outdoor spaces. 

Sun studies also show the New Zealand house’s sheltered outdoor space 
orientated towards the sun. This could be due to the purpose of the glass-
house for growing plants and providing shelter from the elements. The 
Oregon house favours shade in the sheltered area, utilizing the sun instead 
for unsheltered outdoor garden space, a design talored for good outdoor 
growing conditions. 

30 “Pringle Creek Community History,” Pringle Creek Community, accessed August 4, 2018, 
http://pringlecreek.com/about/history/.
31 “Climate Salem, Oregon,” U.S. Climate Data, accessed August 5, 2018, https://www.usclimate-
data.com/climate/salem/oregon/united-states/usor0304/2018/1.
32 NIWA. “Climate data and activities.” Accessed August 5, 2018. https://www.niwa.co.nz/educa-
tion-and-training/schools/resources/climate. 

Pringle Creek House & Wind Rain House

Figure 38: Floorplan study 3

Figure 39: Floorplan comparison
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6.0 Design Process

Figure 40: Hybrid housing model
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6.1 Site selection + Context

The project’s site is to be set in a location that 
already has a demand for housing and can then 
seek to provide a more environmentally sus-
tainable solution to current housing proposals. 
Through the KiwiBuild scheme, new homes in 
the Queenstown Lakes District (QLD) and Auck-
land are highlighted to be in the highest de-
mand.1

As shown in the adjacent diagram, population is 
also predicted to increase in the QLD by a further 
3%, showing that demand will continue to grow 
in the region over the next ten years.2 Housing 
demand in the QLD is currently high, and the 
environmental implications from this will only 
continue to increase with the population. There-
fore, locating this project in the QLD can provide 
insight into the environmental impacts of these 
future developments and what is required to 
reduce them.

1 Anne Gibson, “What house deposit will you need to qualify for Ki-
wiBuild?” NZ Herald, last modified July 8, 2018, https://www.nzher-
ald.co.nz/business/news/article.cfm?c_id=3&objectid=12084096.
2 StatsNZ. “Subnational Population Projections: 2013(base)-2043 
update.” Last modified February 22, 2017. http://archive.stats.govt.
nz/browse_for_stats/population/estimates_and_projections/Sub-
nationalPopulationProjections_HOTP2013base-2043/Commentary.
aspx.

NIWA has predicted the QLD region to see some 
of the highest increases in temperature and 
rainfall in the country (shown in the maximum 
predictions in the adjacent diagram).3  These 
climatic variations give the project reason, par-
ticularly in the harnessing of rainwater and food 
production stability. Designing for extreme con-
ditions will also allow elements from the project 
to have possible relevance in other areas such as 
the Auckland region. 

In a 2018 report from the Electricity Authority 
Cantebury and the QLD have the highest energy 
consumption for the residential sector for New 
Zealand.4 The design for a self-sufficient village 
will combat the energy usage in the QLD and 
provide an example on how other homes can 
follow suit. This targets an area when energy 
demand is at its highest for homes. 

3 “Our Future Climate New Zealand,” NIWA, accessed May 15, 
2018, https://ofcnz.niwa.co.nz/#/nationalMaps.
4 Electricity Authority. “Electricity in New Zealand.” Last modified 
September 25, 2018. https://www.ea.govt.nz/about-us/me-
dia-and-publications/electricity-nz/.

Region selection:

Average annual percentage change

Projected Population Change
2013-28 (medium projection)

maximum predictions

Temperature - 2090

Rainfall - 2090

High housing  
prices and 
demand

Predicted  
population 
increase 
greater than 3%

Significant 
climatic 
change 
predictions 

High residential 
energy  
consumption 

Auckland 
Region

Queenstown 
Lakes District
(QLD)

Cantebury 
Region

Figure 41: Region selection diagram

Figure 42: Region selection diagram 2
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Originally the specific site was brought to attention 
by a client who wished to build a wildlife sanctuary 
a five-minute drive north of the Cardrona Village. 
This proposal shed light on the tourism potential 
within the Cardrona Valley. A main road goes from 
Queenstown to Wanaka brings traffic through the 
Cardrona Valley. This road also takes tourists to the 
historic Cardrona village itself and the alpine ski 
resort. The ski resort itself brought 196,200 visitors 
in June 2016 alone.5 In 2015 the Cardrona distillery 
opened adding another tourist stop, just a two-min-
ute drive north of the popular Cardrona Hotel. 
Other tourist towns and attractions along the road 
between Queenstown and Wanaka are marked in 
the adjacent figure. 

Tourism potential is important to expose the project 
to the wider community. In locating the project in 
the town, tourists will see the proposed self-suf-
ficient village from Cardrona Valley road. This will 
assist in openly advertising this alternative way of 
living to the public.  

5 “Cardrona skifield reports record start to 2016 season.” Stuff, last 
modified July 26, 2016, https://www.stuff.co.nz/business/82498797/
cardrona-skifield-reports-record-start-to-2016-season.

Site selection:

“This is one of the most beautiful of the mountain masses which nearly 
surround Lake Wakatipu, rising to the height of 9500 feet, its summit 
decked with perpetual snow. The scenery round this lake is so grand as 
absolutely to defy mere description, and can only be fully appreciated 
by those who wander along its shores...”  
- New Zealand Graphic and Descriptive 

Figure 43: Photograph from 
Cardrona Valley Road, by author

Figure 44: Diagram of tourism in 
the Queenstown Lakes District
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similarly distinguished. Arrowtown has a combination of historic buildings, revi-
talized existing structures and new homes. Common in the revitalized buildings is 
schist construction, both exposed and plastered. Like Cardrona, all new and exist-
ing structures use a combination of façade materials including timber, mortared 
schist, corrugated iron and plaster finishes which area also detailed as materials of 
choice in the Cardrona Characteristic Guidelines.

 

In a January 2016 Realestate.co.nz stated the median listing price for houses in the 
Queenstown Lakes District (QLD) has risen above that of Auckland.7 In the village 
of Cardrona similar inflated prices influence the market, providing a prime market 
for developers. This is evident with the recent 131ha ‘Cardrona Station’ develop-
ment being approved, providing 480 permanent dwellings as well as a hotel and 
golf course.  

The original Cardrona Station proposal suggested two options, first a capacity for 
1000 permanent high-density dwellings, and second included half the dwellings 
and a golf-course.8 The first proposal was said to be uneconomical, although there 
was a greater yield potential, there was lack of demand for this type of housing in 
the region. The second proposal was chosen as the golf-course and hotel attracted 
tourism, therefore making the development more economically stable.

7 Stuff. “Queenstown Lakes and Central Otago have highest asking price for homes.” Last modified January 4, 
2018. https://www.stuff.co.nz/business/property/100324339/queenstown-lakes-and-central-otago-have-highest-
asking-price-for-homes.
8 Insight Economics. “Economic impacts of the proposed Mt Cardrona Station development.” Last modified No-
vember 25, 2016. https://www.qldc.govt.nz/assets/Uploads/Council-Documents/Committees/Planning-and-Strat-
egy-Committee/2-Feb-2017/Item-1-Proposed-Private-Plan-Change-52-Mount-Cardrona-Station-Special-Zone/At-
tachment-F-Document-6-Market-Economics-Assessment-prepared-by-Fraser-Colegrave-of-Insight-Economics.pdf

Site visit:
During a site visit to the Cardrona area, historic structures were visit-
ed to obtain an understanding of the context. The history of Cardrona 
village is significant to future developments in the village, detailed in the 
Cardrona Village Character Guideline.6 This guideline lists the current 
architecture in the area and how new buildings are expected to follow 
suit. It is therefore important to understand the surrounding context, 
not only to determine what materials were of easy access in the past, 
but to keep to the guidelines set out by the council. 

In the village the most iconic and prominent structure is the Cardrona 
Hotel. Upon visiting you are welcomed by a traditional timber façade, 
cladding running horizontally. On the north end the extension made of 
schist walls capture the suns heat, providing thermal mass in the cold 
months. The interior walls are plastered or have the exposed schist walls 
with traditional timber flooring. In keeping with the ‘Character Guide-
line’, the Cardrona Hotel is the base example for new buildings that 
must be discrete, small scaled, have distinctive forms in the landscape, 
reinforce landscapes, provide ample space for mature vegetation, and 
that they fit within the distinct escarpment edges. 

In the neighbouring historic village of Arrowtown, the architecture is 

6 “Cardrona Village Character Guideline,” Queenstown Lakes District Council, last modified January 
2012, https://www.qldc.govt.nz/assets/OldImages/Files/Strategies/Urban_Design_Strategy/Cardro-
na_Village_Character_Guidelines_Final_web.pdf.

PROPOSED ECO-VILLAGE

CARDRONA HOTEL

PROPOSED ECO-VILLAGE

CARDRONA VILLAGE

CARDRONA STATION DEVELOPMENT

Figure 45: Photograph of Cardro-
na Village, by author. 

Figure 46: Historic Cardrona 
Hotel, sketch by author.

Figure 47: Townhouse in Arrow-
town, sketch by author, 80.

Figure 48: Cardrona village 
plan 1

Future development:
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Approximately 25km south-east of Cardrona is one of the earliest goldmining settlements in 
the area, now only a tourist attraction known as Stewart Town.9 The ghost-town consists of 
the remaining mud-brick structures which were built circa 1870. These regionalist struc-
tures provide insight into the potential of adobe construction in the area, as it was a fa-
voured construction type when importing of materials wasn’t a viable option. Another local 
historic earth structure 13km north east of Stewart Town is the Werner Dairy just outside 
the village, Lowburn. Built in the 1870’s by John Werner the former miner was known to 
have kept dairy cows on the surrounding farm.10 After damming of the Clutha River in the 
1980’s, forming Lake Dustan the wider area became used for vineyards and agriculture. The 
Werner Dairy is in operational condition today, while the Stewart Town buildings remain but 
are classified as ruins. 

9 “Bannockburn Sluicings,” Central Otago NZ, accessed July 24, 2018, https://www.centralotagonz.com/heritage/bannock-
burn-sluicings.
10 “Werner Dairy,” Heritage New Zealand, accessed June 16, 2018, http://www.heritage.org.nz/the-list/details/2392. 

Brief history of adobe in Otago

Figure 49: Stewart town, sketch by author.

Figure 50: Werner Dairy, sketch by author
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The Cardrona Valley has low ground fertility levels, with clays 
available in the Central Otago region to make the adobe bricks.11 
Adobe construction is found in the historic sites, Werner Dairy 
in Lowburn and Stewart Town in Bannockburn. The sights are 
within a 50km radius of the Cardrona Village. See figure __. 

Schist rock is a common building material in the area with 
extensive amounts found throughout the Cardrona valley. This 
can be used as a thermal mass, because adobe is chosen as a 
thermal mass for the walls, schist can be applied to the flooring 
or pathways between buildings. 

This analysis has determined the soil conditions in the area are 
not ideal for growing crops. Therefore, composting becomes 
crucial in the start-up of the village. A controlled environment 
for food production, with planter box systems like the Southern 
Paprika glasshouses, will also provide a solution to grow pro-
duce in this landscape.

11 Leamy, M.L. “The Soils of Central Otago.” Accessed June 28, 2018. https://www.
grassland.org.nz/publications/nzgrassland_publication_1713.pdf.

Ground Type:

Figure 51: Geographic analysis

Figure 52: Adobe sites
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6.2 Brief 

The project: 
- The programme entails the design of an ecologically sustainable community, provid-
ing housing for people moving into the Queenstown Lakes District. 

Site:
- The proposed site borders the south edge of the Cardrona Village and continues to 
extend over the east side of the Cardrona river. 
- Allocated land to provide for 24 temporary and 100 permanent residents. 
- Mediate public and private access for exposure to the wider community.

Design Objectives:
- To reduce the amount of land the average New Zealander consumes annually by using 
self-sufficient design. 
- Apply sustainable design principles to selected elements of the village. 
- Utilize low carbon materials in the architecture. 

Elements of the village to be designed for:
- Overall zoning/masterplan of the village. To determine a potential amount of land 
needed to sustain a community of this size. 
- Residential housing. This includes ‘individual housing’ models for larger families and 
the communal housing model. Design to demonstrate the application of prefabricated 
straw bale and adobe construction. 
- Food Production Glasshouses. To explore how to utilize passive design principles for 
cultivation.

Overall Aim: 
- To shed light on the amount of land impacted by the average New Zealand life-style. 
Exposure of this alternative way of living will also seek to evoke change in the wider 
community. 
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6.3 Site Analysis

Option 1 - Plateau  

Option 2 - Town 

Option 3 - Hills

Shelter 
from winds

River 
proximity

Expansion 
potential 

Public 
exposure

Option 1 
Plateau

Option 2 
Town

Option 3 
Hills

Building 
consent 
potential

poor

good

good

poor

good

good

moderate

low

high

good

good, 
but poor 
privacy

good

low-
none

good

good

Potential resources:
Site selection

Site borders were determined by exsisting or proposed property lines and roads.

The Cardrona Village township runs off independent 
water supply systems.1 The businesses that outsource 
water to the homes are the Cardrona Hotel and the 
Benbrae Cardrona Valley Resort. To support the village 
an independent system would need to be installed, 
regardless of self-sufficiency principles. With a rainfall 
of approximately 650-750mm per year the potential of 
solely rainwater catchment will be estimated after total 
roof areas are determined.

The Cardrona River flows to the north with a minimum 
of 700 litres per second in the summer and a minimum 
of 2000 litres per second in the winter.2 This gener-
ous and consistent water flow is a suitable source for 
micro-hydro power.  If one 5kWh micro-hydro system 
is installed an average of 22MWh can be produced 
annually or 2.5kW can be produced per hour (20 
000kwh/8760 hours in a year).3 
1 Edens, John. “Cardrona’s contaminated water supply led to norovi-
rus outbreak.” Last modified December 13, 2013. http://www.stuff.
co.nz/southland-times/news/9511656/Cardronas-contaminated-wa-
ter-supply-led-to-norovirus-outbreak. 
2 Otago Regional Council. “Upper Cardrona Catchment – Minimum 
Flows.” Accessed September 10, 2018. https://yoursay.orc.govt.nz/
cardrona.
3 “How much energy could I generate from a hydro turbine?” Renew-

In using the EECA solar calculator and plugging in the 
data from section 2.2 and section 4.3.1, the sites loca-
tion is predicted to generate 4200 kWh annually.4 The 
house was further predicted to use only 2260 kWh and 
sell 1,960 kWh due to electricity requirements during 
off peak hours. Additional energy needed to supply this 
average kiwi home is 6,240 kWh. Battery stores and 
alternative energy sources such as hydro can supple-
ment the energy loss. 

Wind power has the potential as wind speeds south 
and up the hill from the site are between 20-24km. 
Since solar will be used for hot water and power gener-
ation, with hydro having the constant potential via the 
river, wind will not be used. This is also because wind 
power is not a constant and had the highest installation 
cost per kW. 

For additional information see section 4.3.1  
 
 

ables First, accessed September 10, 2018, https://www.renewables-
first.co.uk/hydropower/hydropower-learning-centre/how-much-en-
ergy-could-i-generate-from-a-hydro-turbine/.
4 “Solar calculator,” EECA Energywise, accessed September 24, 2018, 
https://www.energywise.govt.nz/tools/solar-calculator/.

Figure 53: Site selection

Figure 54: Site selection 
diagram
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Cardrona climatic data: 

Winter air temp median Summer air temp median

Winter solar radiation Summer solar radiation

Annual rain Drainage

Water data estimates 
- Summer rainfall median: 140-180 mm 
- Winter rainfall median: 180-200 mm 
- Annual rainfall median: 650-750 mm
- Water drainage: Moderate (into Cardrona River)

Snowfall data 
- Max snowfall median: 0 -400 mm  
- Sept 2017-18 snowfall: 12 days, aprox 16cm total

Annual maximum snowfall median

Frost data estimates 
- Earliest frost date median: 12 March 
- Late last frost date median: 17 November 
- Frost-free period median: 150 days 

Annual frost days median

Annual wind speed median

Wind speed data estimates 
- Average annual speed (valley): 8-14 km 
- Average annual speed (high elevation): 20-24km 

Temperature data estimates 
- Annual air temp median: 8-10 oC 
- Summer air temp median: 13-15 oC 
- Winter air temp median: 4-6 oC 
- Summer soil temp median: 13-15 oC 
- Winter soil temp median: 1-3 oC 

Solar radiation estimates 
- Annual solar radiation median: 12-15MJ/m2/day 
(3.64 kWh/m2/day average) 
- Summer solar radiation median: 19-21 MJ/m2/day 
(5.6 kWh/m2/day average) 
- Winter solar radiation median: 9-12 MJ/m2/day 
(3.08 kWh/m2/day average)

Obtained from: “growOTAGO Online Maps,” growOTAGO, accessed May 27, 2018. http://growotago.orc.govt.nz/.

Figure 55: Climate data Figure 56: Cardrona Village, 
by author
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Waste & Water management

6.4 Self-sufficient systems (tier one):

Design of the food production systems is addressed 
throughout the archi-types and zoning sections of this 
document. 

 
 

 

 
 

 

Food Production
Composting systems include the Clivus Multrum, available for com-
mercial and domestic use.5  This system stops our reliance on fresh 
water for toilet systems, and reduces the mass of feces alone by over 
ninety percent. The composting system for the black water or solid 
matter, creates a dry end-product that can be repurposed for fertil-
izer or disposed of in a matter of weeks. Waste water from showers 
and hand-wash sinks can be treated by natural systems known as 
Greywater or Botanical Wastewater Treatment Systems.6  Clean 
water will be rain water sourced and treated again as seen in Te kura 
Whare. Residents will have the shared water storage tanks with tanks 
for cultivation located up the hill.  

For larger amounts of waste from public amenities and cultivation, 
large in-vessel systems like the ‘Earth Flow Custom Vessel’ compost-
ing system can mix, break up and aerate greater amounts of compost 
with mechanical rotators, mixing up to 3 tons per day.7 After 14-21 
days the compost can be used for mulch, or can be cured in a pile for 
30-60 days for application of soil amendment.
 
5 “How the Clivus Multrum Works,” Clivus New England, accessed September 13, 2018, http://
www.clivusne.com/science-and-technology.php.
6  “Living Certified, Te Kura Whare,” International Living Future Institute, accessed April 18, 
2018, https://living-future.org/lbc/case-studies/te-kura-whare/.
7 “Earth Flow Custom Vessel,” Green Mountain Technologies, accessed September 10, 2018, 
http://compostingtechnology.com/in-vessel-composting-systems/earth-flow-custom-vessel/.

Figure 57: Earth Flow custom vessel

Figure 58: Clivus Multrum system dia-
gram from their website
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6.5 Architypes 
This section is focused around tiers one and two for self-sufficient design. 

Figure 59: Hybrid housing initial sketch by author
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Initial housing & food production hybrids - Semi-enclosed glasshouse

14 000 mm 38 000 mm

Individual homes

Communal homes

Initially this hybrid design looked to combine 
the housing and large-scale food production 
types. The main influence for the design was 
the ‘semi-enclosed’ glasshouse type, seen 
in the Nigel Cook’s Kelly house. A traditional 
glasshouse structure was adapted to span 
38 metres to cover the area between the 
houses. 

Shadow studies were drawn with the height 
of each home set to 5 metres. This led to the 
separation distances required so that the 
homes in front did not completely shadow 
cast the buildings behind, approximately 10 
metres. Originally the buildings were set in 
straight, leaving two small triangular areas 
that are not shadow casted within in the 
glasshouse. The design was then altered to 
allow a larger area to have full sun exposure. 
This meant two extensions of the green 
house needed to be added to enclose all the 
homes. 

The glasshouse is harnessed to create a 
trombe wall system to heat the homes. 
Part of the home being outside also allows 
cool fresh air into the home and assist with 
ventilation. With a smaller glass area, like in 
a traditional trombe wall, the heat generated 
is greater. Therefore, this large model has 

the potential to provide minimal heat for the 
homes, unless mechanical systems are used. 

The crop land that has full exposure to the 
sun in the final layout was approximately 
0.19 gha. In using the previously determined 
0.8518 gha for a family of four, this green-
house can provide for approximately 20% 
of one families food produce for the year. 
This model can house up to 68 people if two 
people are in each room (an absolute maxi-
mum). Therefore, the greenhouse does not 
have the potential to independently sustain 
the villagers.  

The span of the glasshouses required a large 
height and slope, leading to potential high 
costs for the residents and a probable need 
for a steel structure. With high potential 
costs, large areas and minimal food produc-
tion potential, this model later becomes 
redesigned. In the redesign smaller glass-
houses are considered to follow the 6 metre 
Winter Gardenz shed, to increase heat gains 
and reduce potential costs. Separation of 
the housing types and glasshouses are also 
considered. 
 

 
 

Figure 60: Hybrid design developments
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Designing in section: hybrids

Bill Mollison’s drawing is a section of a home in a cool-hu-
mid climate like Cardrona.8 Basic design principals in this 
sketch include eaves to control the summer and winter 
sun exposure. Windows to the north are also larger to 
allow in light while smaller double glazed windows reduce 
heat loss in the south.  
 
An adaptation of Mollison’s sketch to the right shows the 
home using eaves in the same fashion. A ‘trombe wall’ 
system is also added into the north facing wall with adobe 
brick and control vents. Instead of a traditional trombe 
wall, heat is assumed to be trapped in the glasshouse and 
moderated throughout the home. The adobe wall addi-
tionally acts as a thermal mass. Remaining walls entail 
straw bale prefabrication.

8 Bill Mollison, Permaculture: A Designers’ Manual, 416.

Figure 61: Passive design sketch by Bill Mollison

Figure 62: Hybrid living section
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Individual homes
This floorplan re-imagines the temperate climate prec-
edent studies from, ‘Floorplan Study 1 & 3’. (see section 
5.3.2) The redesigned Study 3 or Pringle Creek House 
enabled this design to be sketched, with the living area 
in the north facing part of the house, with private spaces 
and bathrooms to the south. The design is also compact 
to reduce heat loss and additional heating requirements. 

With this design, residents have the 2-bedroom option 
with the choice of adding additional bedrooms. The 
simple modular design with mass customization gives 
residents customizable options to suit their budget and 
space requirements.  
 
Circulation through the homes is shown in the green 
arrows. Entry points allow the residents to come into 
their homes from inside the glasshouse and through the 
external zone. 

The north facing walls use adobe construction to create a 
trombe wall effect through the thermal mass properties. 
Adjustable vents in the top and bottom of the walls allow 
occupants to control the temperatures and ventilation 
throughout the home. Prefabricated straw bale walls 
enclose the rest of the home to retain the heat and re-
duce construction time. Internal walls use prefabricated 
timber construction to maximise the internal space. 

Figure 63: Individual homes
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Communal housing
In the communal housing, part of the individual home 
is repeated to organise the personal spaces. Utilizing 
the pre-determined floor plan simplifies the housing 
architypes and utilizes design features such as the 
trombe wall system.  Each personal ‘space’ or ‘room’ 
includes a double bed, full bathroom and instead of a 
laundry will have a kitchenette and seating area. The 
double bed can also fold away to maximise space. The 
living areas in the individual home are also repeated in 
the communal home to provide enough space for the 
resident’s laundry area, guest entertainment or other 
social activities. Providing the option of fully-kitted per-
sonal spaces along with shared areas differentiates this 
type of communal housing from co-housing. Like the 
individual homes, adobe, straw and timber wall types 
are applied to the communal home in a similar fashion.

The physical model demonstrates this type of housing 
standing on its own with a ‘lean-to glasshouse’.

Figure 64: Communal housing
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Individual homes Communal housing

Design development
Further analysis of the site and the decision to separate the dwellings from the production 
glasshouses lead to a re-design of the architypes. The glasshouses and storehouses were 
also relocated to make use of the sites sloped area. Levels of shared living can vary to ac-
commodate the needs of residents and the amount of land provided.  
See section 4.3.3 
 

Individual homes follow a similar plan to the passive homes in section 5.3.2. The 
homes also share amenities, such as storage areas and water tanks, with a neigh-
bouring house. These buildings are tailored for larger families and use incremental 
design to allow for future extension of the homes. Nelson explains that in providing 
incremental living options, space consumption and costs can be reduced. Design for 
incremental living also provides residents with variation in design at the start of the 
build, including choices in the number of bedrooms or garden area. 

Floorplans were altered from the food production hybrid models as there was no 
need to enter from the external zone and the glasshouse area. With only one main 
entrance to the home the other end of the hallway is utilized for additional storage.  
 
‘Gable roof form’ designed to follow the Cardrona Character Guidelines
 

Different to the individual homes, communal homes increase the amount of 
shared area between residents whilst reducing private dwellings. This dra-
matically reduces land consumption and costs. Therefore, communal housing 
can see the majority of kiwis who cannot afford a home, obtain property in an 
area where the housing costs are amongst the country’s highest.

Figure 65: Individual homes 2
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Lean-to glasshouses - residential 

For the self-sufficient village, many of the systems from the Southern Paprika Limited (SPL) glasshouses can be applied to the 
food-production sector. Technology such as the energy blankets will not be used as the material has high embodied carbon 
and is difficult to recycle. With the greenhouses of SPL covering 22ha, energy blankets such as these help with large surface 
areas. Smaller glasshouses and passive systems such as thermal walls can make up for a lack of energy blankets. Smaller 
houses can also make a timber structure a more viable option rather than steel framing. 
 
The Christchurch Botanic Gardens by Pattersons architects in Christchurch, New Zealand displays glasswalls across the 
front facade. The glasshouse design was derived from a modular commercial greenhouse system.9 The standardised design 
utilised an already accessible technology and therefore dramatically reduced costs. To adjust for function, spaces such as 
the café use fritted glass to reduce solar gains, while the botanic gardens used clear glass. This notion of adapting standard 
glasshouse design is applied to the archetypes in the proposed Cardrona self-sufficient village. 

To develop the lean-to greenhouses in the self-sufficient village, the 6m wide Winter Gardenz Greenhouses are used.10 This 
dimension of 6m means the structural design can be applied to most of the archetypes in the village. The greenhouses use 
steel or aluminium framing and have glass, polycarbonate and plastic film options available. Spacings for the steel verticals 
reach approximately 750mm spacing. 

9 “Christchurch Botanic Gardens / Pattersons,” ArchDaily, last modified July 6, 2017, https://www.archdaily.com/875161/christchurch-botanic-gardens-pat-
tersons?ad_medium=gallery.
10 “Poly vs Glass for use on a Glasshouse or Greenhouse,” WinterGardenz, accessed Sept 15, 2018, https://www.wintergardenz.com/glass-vs-poly.html.

The Winter Gardenz detail the positives and negatives for glass, polycarbonate and 
plastic films. For polycarbonate it is claimed to be tough, durable, produce diffused light, 
with good thermal efficiency, but is non-recyclable. Plastic films are the most affordable 
of the three options but have a poor thermal efficiency, prone to rips and have a rela-
tively short lifespan leading to landfills as a quick solution. Glass is argued to have a poor 
thermal efficiency, can be fragile, and full transparency has the potential to burn plants. 
To combat this 4mm toughened glass is suggested to improve strength. Fritted glass like 
in the Christchurch Botanic Gardens, and energy screen systems can provide an adjust-
able solution to seasonal sun exposure requirements.

As a material with high embodied carbon, timber framing is suggested to replace the 
existing steel structure of the Winter Gardenz. In the lean-to conservatory types seen in 
The Autonomous house and Earthship Te Timatanga use the existing building structure 
and timber framing. The main negative of timber framing is the larger width to depth siz-
es of the structural elements.  To reduce the size of the structural elements, cross brac-
ing and scissor trusses can be used to provide additional bracing. Based on this analysis 
greenhouse type 1 (lean-to conservatories) design features will be applied to most of the 
eco-villages archetypes, and type 4 (freestanding) design features will be applied to the 
food production zones. When considering food production, technology in the glasshous-
es and other design features will be derived mainly from Southern Paprika Glasshouses. 

With the self-sufficient village seeking to ecologically provide for its residents, maximisa-
tion of yields is considered but not at the expense of a more environmentally sustainable 
option. For example, timber framing results in larger shadows cast over aluminium or 
steel framing. This can lead to smaller crop yields, but embodied carbon of the materi-
al leads to timber as a preferred option. The visual difference between aluminium and 
timber greenhouse structures is sketched in figure 67. 

 

 

The simplified 6m glasshouse design is applied to the housing model. Full portal frames 
are at the end of the house then reduced on the north façade. This reduced glass area is 
where the trombe wall system is built into the adobe wall. Glasshouses allow the home 
owners to grow their own personal gardens year round. Renders below suggest the form 
and layout of the lean-to glasshouse concepts. 

Design developments

Figure 66: Christchurch Botanic Gardens 
Figure 67: Steel verses timber, sketch by author

Figure 68: Individual housing 3
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Designing in section: Food-production houses

ADOBE WALL

RETAINING WALL

GLASSHOUSE

WINTER SUN

SUM
M

ER SUN

In the food production design, Mollison’s 
sketch shows how the building can maxi-
mise heat gains.  
 
The adapted design to the right mimicks 
this design, fully exposing the glasshouse 
zone to the sun. An adobe wall absorbs 
additional heat. Back area behind the 
adobe wall is used as a circulation and 
storage space. Retaining wall to the south 
allows this glasshouse to be built up the 
hilly area on the site. 
 

 

Figure 69: Passive greenhouse designs sketch by 
Bill Mollison

Figure 70: Glasshouse passive design section
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Glasshouses - food production

Design development

GLASSHOUSES ITERATION 1

GLASSHOUSES ITERATION 2

 
 
In iteration one of the glasshouses the edge theory was applied to 
every façade. The structures also followed up the land with the portal 
frames facing perpendicular to the slope of the hill. The glasshouses 
were then adapted so that the portal frames turned to follow the curve 
of the land. This allowed the structures to sit on top of the landscape 
and reduced the size of the span of the portal frames. 
 

 

Figure 71: Glasshouse development
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GLASSHOUSE

ADOBE WALL

STORAGE AREA

Designing in section: Passive study

This model displays how the two glasshouse-types harness 
heat from the sun by designing in section. In the produce 
glasshouse, a solid roof extends just far enough to allow 
winter and summer sun to be exposed onto the adobe wall. 
The solid roof and walls are maximised to reduce the glazing 
area and therefore reduce heat loss. In the housing model the 
roof extends to block out the summer sun angle and allow full 
exposure on the adobe wall in the winter. Vents in the top and 
bottom allow the intake of hot air to be controlled through 
the adobe wall. 
 
Designing in section initially generated the form for the 
residential and food production buildings. Functional require-
ments were then applied adjusting the designs. Finally the 
section was revisited to ensure the passive design principals 
were upheld.  

See section 4.3.2

Figure 72: Passive design study model
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6.6 Zoning

In iteration one the village was planned to have public access and 
accommodation at the front, on the east side of the river. The food 
production area then followed with housing and storage to the back. 
This was to allow the public mediated access to the food growing 
areas without disrupting the villagers. In iteration two the village is 
organized much like the eco-neighborhood Earthsong, with a public 
zone in the front and a separate private zone. A break in the trees 
around the river allowed for a place to bridge the two zones, adding 
additional privacy to the villagers. This defined separation was also 
due to the hill area being zoned for food production. The residential 
zone was then located on the ‘flat’ area of the site. 

Iteration 1& 2

PUBLIC ZONE

PRIVATE ZONE

Iteration three combines elements from iterations one 
and two. Public accommodation is provided at the 
front of the village with the addition of a multi-func-
tional building. The residential zone remains at the flats 
on the east side of the river. A restricted public zone 
has a food production glasshouse, multi-functional 
building and out-door production area. Storage space 
and food production remain at the south end of the vil-
lage. Road access was also introduced from the south 
west off an established farm road. Pedestrian access 
remains at the north west end over the river.  
 
See section 5.1.2

Iteration 3

FOOD PRODUCTION

STORAGE

RESIDENTIAL

PUBLIC ACCOMODATION

ROAD ACCESS

PEDESTRIAN 

ACCESS

FOOD PRODUCTION

STORAGE

RESIDENTIAL

PUBLIC ACCOMODATION

RESTRICTED PUBLIC ZONEITERATION ONE ITERATION TWO

ITERATION THREE

PUBLIC ZONE

RESTRICTED PUBLIC ZONE

PRIVATE ZONEFigure 73: Diagrams for iteration 1&2
Figure 74: Diagrams for iteration 3
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Section of zoning iteration 3
Explores the relationship between the landscape, existing village and proposed design. 
Village spreads up the hill for exposure to the wider community, distance and river pro-
vides privancy for the residents. 

NTS

NTS

Figure 75: Zoning sections
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7.0 Design outcome 
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Original proposed site:  
approximately 7 gha

20 - 30 times more produce per m2 potential

Land savings estimate for fruit and 
veges = 220,000 m2 / 20 
                   = 1,1000 m2 (1.1 gha) 
35 large glasshouses or  
108 small glasshouses 
    

Large glasshouse floorplan 48m x 6.5m  

  

Small glasshouse floorplan 15.7m x 6.5m 

    

Fruit & vegetables area: 22 gha

Wheat: 3.46 gha

Pork, poultry, 
eggs, dairy (goat): 0.1 gha

Corn: 0.76 gha
Land use
The controlled environment within the 
glasshouses has the potential to increase 
crop yields. Systems from the Southern 
Paprika glasshouses are used, providing 
the potential to increase yields by 20 to 
30 times more than traditional methods.  
 
Therefore, to obtain an estimate for 
the amount of glasshouses needed, the 
22 gha of fruit and vegetable land was 
divided by 20. This dramatically reduced 
the land consumption to 1,1000 m2 or 35 
large glasshouses. Wheat and corn were 
not added to the glasshouses as they will 
be grown outside, processed and then 
stored. Fruit and vegetables will be grown 
in the glasshouses to provide the village 
with fresh produce year-round. Pork, 
poultry, eggs and diary (goat) will be scat-
tered throughout the village, and shelter 
provided in one of the multi-use buildings.  
Refer to sections: 5.1.4 & 5.2.3 

Food productionZoning the land:

Figure 76: Food production land area diagrams
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Public Zone 
- Car parking 

- Accommodation
- Multi-functional space

Food-production Glasshouses 
- Glasshouse areas 

- Storage areas 
- 35 in total (1.1 gha indoor area)

Residential Zone 
- Individual homes 

- Communal homes

Storage Spaces 
- Food storage 

- Communal cars 
- Waste management 

- Water treatment

Outdoor cultivation
Wheat  
3.46 ha

Outdoor cultivation
Corn 

0.76 ha

Outdoor cultivation
misc. 
0.1 ha

Determining the amount of land needed 
for food-production gave a parameter o 
organize the rest of the villages elements. 
 
Firstly the flat land on the east side of 
the river was allocated for 4.32ha of food 
production. 
 
Secondly the estimated 35 glass houses 
were organised into the landscape. The 
glasshouses were curved around the land-
scape to utilize the sloped area.  
 
The residential sector was also located on 
the slope. This design decision allowed 
the homes to be placed closer together 
without shadow casting on the build-
ings behind. The slope additionally gives 
residents views of the village and further 
landscape.  
 
Remaining spaces within the master-
plan saw additional storage facilities and 
multi-function buildings.  
 
The public zone with accomodation and 
one multi-function building remained on 
the west side of the river. 

Zoning: Masterplan

Figure 77: Zoning diagram
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Low carbon construction
Ecococon Panels

- Plaster & timber cladding finish on south facade. 
- Earth plaster finish on east and west facades, protected by 500mm 
eaves. Facade finishes to follow the Cardrona Character Guidelines. 

Ecococon panels, south, west and east walls

Adobe wall north wall, earth plaster finish
Adobe 1:2 wall detail

Earth plaster

Trombe wall vents

Steel reinforcing

Light weight adobe brick
Mortar & chicken mesh 
every second course for 
reinforcing

Figure 78: Exploded view of housing

Figure 79: Ecococon panel system

Figure 80: Adobe wall detail
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Communal housing

- Private areas: 4x 1 bedroom units  
- Shared central area: 2x guest bedroom, kitchen and bathrooms 
- Access to internal spaces through glasshouse on the north facade. 
- Adobe walls shown in red, straw bale prefab in white.

Figure 81: Representational render for communal housing

Figure 82: Floorplan for communal housing
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Incremental design - Individual homes

2 x Bedroom 
Capacity: 3

3 x Bedroom 
Capacity: 4

4 x Bedroom 
- 4th bedroom single bedroom size
Capacity: 5 

Bathroom located for 
easy external access to 
the clivus multrum com-
posting toilet.

Sliding doors, full glazing

Vents

Figure 83: Individual housing floorplans
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Roof Area estimate: 150m2 
Region: Central Otago 
Residents: 2 adults, 2 children 
Potential Harvest: 6938 l monthly, 83250 l annually 
Consumption: 21900 l monthly, 262800 l annually 
Requirements: 1x 25000 l tank minimum  
 
If the homes are at full capacity and have 6 residents, 2x 25000l tanks 
are needed. Sharing watertanks between two separate homes can 
reduce the initial required 4x 25000 l tanks to 3x 25000 l tanks.  
Additional water sourcing will need to supplement housing require-
ments. Large scale rainwater catchment on the top of the hills or bore 
water systems can be used.  
  
Water consumption estimated with the Devan rainwater calculator.1 

1 “Rainwater Calculator,” Devan, accessed September 29, 2018, https://www.devan.
co.nz/rainwater-calculator/.

Water consumption
Roof Area estimate: 60m2 
Location: Cardrona Village 
Energy consumption: High 
Roof Pitch: Medium (20o-30o) 
Consumption: 8500 kWh 
3 kW system genterates: 4380 kWh annually, with 2380 kWh 
potentially used.  
 
20m2 of roof area is required for a 3kW system, therefore a 6kW 
system has potential to be installed to accommodate energy 
requirements. Additional power will be sourced from hydro to 
suppliment as well as battery storage to make up for additional 
energy requirements. Passive design of the house also has the 
potential to reduce energy requirements for heating, therefore 
the consumption of 8500 kWh could see a reduction.  
 
Solar consumption estimated with the EECA solar calculator.2  

2  “Solar calculator,” EECA Energywise, accessed September 24, 2018, https://
www.energywise.govt.nz/tools/solar-calculator/.

Solar Energy  
Greenhouse area: 48 m2 
 
Benefits:  
- Personal year-round garden space 
- Sheltered out-door living area 
- Heat gains for passive design

Greenhouse area  
Internal home area: 95 m2 
Total home area: 143 m2 
 
Percentage of internal space: 66% 
Percentage of greenhouse space: 34%

Total floor area

Consumption analysis

Figure 84: Consumption analysis
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Passive design 
Individual homes & communal housing

Sliding doors, full glazing

Adobe wall

Vents

Figure 85: Passive design, glasshouse Trombe wall system
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Passive design 
Food production glasshouses

Panel shutter system enclosing 
glasshouse area to trap heat 
over night

Storage area & 
circulation zone

Shadow cast in winter
Distance between glass-
houses can be reduced 
with the slope

11 m

6 m

Panel shutter system

Adobe wall

Glass panels

Planter & irrigation system, seen 
in Southern Paprika glasshouses.

Panels hide into the ground

Figure 86: Food production glasshouses passive design
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PUBLIC ZONE

RESTRICTED PUBLIC ZONE

PRIVATE ZONES

Access 
Access is restricted to non-motorized transport within the 
village boundary. Public can park their cars near their accom-
modation and restricted vehicle access is provided off an es-
tablished farm road to the south. Storage sheds near this road 
access also give residents the opporunity to have shared cars. 
Additional privacy is given to the residents with the out-door 
crops providing a buffer zone. A clear definition between the 
residential and food production areas also assist in mediating 
privacy. The buildings are arranged to follow the land, with 
a general north orientation. Energy and water sourcing is 
considered within the design of the buildings, apart from the 
allocated area for hydro-power. 

VEHICLE ACCESS

PEDESTRIAN ACCESS

MIXED USE AREA 
- Shared buildings (offices, shops 
and conference spaces) 
- Storage areas (shared cars, 
additional food storage, equip-
ment etc.)

Public zone 
Tempoary residents capacity: 24 people 
Area estimate: 0.51 gha 
gha per person: 0.02 gha (2dp) 
 

Restricted & private zone 
Residents capacity: 100 people 
Area estimate: 12.43 gha 
Food production area estimate: 9.89 gha  
(approximately 76% of the total area) 
 
Total area estimate: 12.94 gha  
gha per person (total area/100 residents): 
0.13 gha (2dp)

10
1m

31
4m

235m

177m98m

21
2m

151m79
m

100m
117m

89m

113m
42m45m66m

28
m

24
m

57mfood  
production areas

Figure 87: Design summary
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8.0 Conclusion

proposed village: 
1300 m2 per person 

Figure 89: Land consumption comparison with proposed village

proposed village total consumption: 
0.52 gha for a family of 4

NZ average property: 
0.0617 gha for a family of 4

NZ average annual land consumption: 
20.44 gha for a family of 4

This project explored a sustainable alternative to future 
housing developments in New Zealand. It initially began 
through an investigation of literature and the site. The liter-
ature informed the notion that the average New Zealander’s 
lifestyle is unsustainable and must therefore be addressed. 
With this impact visualized in global hectares, the project 
could use this as a base to improve upon. Further analysis 
determined that low carbon construction and self-suffi-
cient principles have the potential to reduce this land area 
consumption and better the environment.  To provide a 
plausible architectural application for the project, learnings 
were applied to the design of a community bordering the 
Cardrona Village. The outcome proposed a self-sufficient 
alternative to future housing developments in the Cardrona 
region.

The design of the community was focused around the 
resources the average life-style consumes. The resources 
of focus included the food and energy sectors, making ap-
proximately 42% of a person’s annual gha consumption. An 
investigation into low-carbon construction also addressed 
the environmental impacts of the built environment.

In early stages, complete self-sufficiency was discovered to 
be implausible within the scope of the project and was in-
stead used as a tool for design decisions. Elements were or-
ganized into the tier system to help determine the self-suf-
ficient requirements. Alongside self-sufficient principles, 
precedent studies determined the architypes of the village. 
Architypes included food production, individual housing, 
communal housing, public accommodation, storage and 
mixed-use buildings. 

The implementation of low carbon materials saw the 
construction aspect of the build reduce GHG emissions and 
minimize the impact of construction waste due to their bio-
sphere properties. This type of construction can also make 
use of materials normally seen as waste, such as excess 
straw, to further reduce impacts on out-of-sight land. 

Through designing the residential and food production arch-
itypes, land areas for the village could be organized and as-
sumed. When self-sufficient principles were applied to the 
food production sector, land consumption was dramatically 
reduced. It was also realized that the area required for food 
production was the largest sector making up approximate-
ly 76% of the total land area. A major factor that reduced 
land consumption was the glasshouse technology adopted 
from the Southern Paprika glasshouses. The potential of 
20 to 30 times more produce than traditional farming from 
the Southern Paprika systems was applied to the fruit and 
vegetable sector of the village. This saw the original 26.32 
gha land consumption from all food produce reduced to 
9.89 gha.

Zoning for the village included a private accommodation 
zone to encourage exposure. The location of the project on 
a popular tourist route also increased potential public inter-
action of the project. Exposure of the site was important to 
educate the wider public about the need for environmental-
ly sustainable living and how to achieve it. The overall aim, 
to evoke a change within the average New Zealand life-style 
and future developments. 

Today the average property in New Zealand is 617 m2, yet 
with four people living in this household, their ecological 
footprint is 20.44 gha annually (5.11 gha x4). Over twenty 
hectares of additional land from out-of-sight environ-
ments are being drained to support this household, whose 
residents are only responsible for the 617 m2 land they 
live on. Through self-sufficiency, this project brought the 
responsibility of caring for the land, back to the consumer. 
It also suggested that the self-sufficient life-style within 
the community would consume a total of 0.52 gha for a 
family of four (0.13 gha x 4). Although the average 0.0617 
gha property size increased to 0.52 gha for a family of 
four, the project resulted in a dramatic reduction in annual 
land consumption of the average New Zealand life-style. 
Housing developments today, such as the Cardrona Station 

development, increase housing density to reduce costs and 
land consumption. Based on findings, this has a predicted 
consequence of increasing the use of out-of-sight land. In 
an alternative approach, this project proposes a larger prop-
erty size whilst reducing out-of-sight land through self-suffi-
ciency. This therefore makes the life-style within the village 
more ecologically sustainable compared to the average 
life-style being provided in future developments.

This project concludes that with future development, the 
deterioration of out-of-sight land will continue at an unsus-
tainable rate. Increasing density may reduce costs and land 
consumption on site, but this way of living will not last. To 
reduce our impacts, low carbon construction can mini-
mize the ecological implications of the built environment. 
Self-sufficient principles can additionally help contain the 
land needed to support a sustainable future. Through build-
ing self-sufficiently, land will need to be utilized to support 
society, rather than left to deteriorate. The amount of land 
available will also need to be considered, rather than seeing 
out-of-sight land as a solution. Self-sufficiency is therefore 
a possible alternative to the unsustainable infrastructure 
civilization is currently built on today.

Figure 88: Diagram to visualize the consumption of out-of-sight land 
compared to property size and how self-sufficient living reduces it.
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Through the design of a village, requirements to live sustain-
ably on a small-medium scale were considered. This meant 
that certain items could not be sourced within the village, for 
example replacing broken panels of the glasshouses. If the proj-
ect was to be developed further, an increase in the size of the 
village could see it become more self-sufficient and of a higher 
density.  
 
Additional development of the project could also continue 
within the sustianable village food production sector as it 
consumed the largest amount of land. Further investigation 
into glasshouse production or vertical gardens could see this 
significant portion of land area reduced even futher.  
 
This project was also limited to making land area asumptions 
off literature and precedent studies. An indepth investiga-
tion into the specific land area requirements for food could 
strengthen this project further. 
 
The scope of the project also entailed the design of only a few 
architypes. This leaves the potential for more design investiga-
tion into the communal housing, storage areas, and the mixed-
use buildings. More detailed investigation into the individual 
housing architypes can also determine the difference in costs, 

specific energy consumption and environmental impacts the 
project proposes compared to traditional housing. Land areas 
were also roughly estimated in order to draw land consumption 
comparisons of current-ways of living. More specific calcula-
tions could be made to improve upon the estimations.
 
This project also made an assumption that the life-style pro-
vided within the village is at 0.13 gha per person, well below 
the fair earth share of 1.17 gha. Again, more depth in specific 
land areas for self-sufficient requirements can legitimize this 
assumption. The project also formulated a warning that an 
increase in housing density will subsiquentially see an increase 
in the severity of societies environmental impacts. A major 
shortfall within future developments in New Zealand. 
 
Regarding the findings within the project, it achieved its aim to 
shed a light on the amount of land currently needed to support 
the average New Zealand life-style. Additionally, with further 
investigation, a more plausible sustainable alternative could be 
formulated, giving New Zealanders the opportunity to lead the 
way for a sustainable future. 

Critical reflection

Figure 90: View from individual home



141 142

9.0 Bibliography

Anderson, Will. Homes for a Changing Climate. Foxhole, Dartington: Green Books, 2009.

Best, Elsdon. Maori storehouses and kindred structures. Wellington, New Zealand: A. R. Shearer, 1974.

Christian, Diana L. Creating a Life Together. Gabriola Is, BC: New Society Publishers, 2003. Adobe Digital Editions.

Hemenway, Toby. Gaia’s Garden. White River Junction, Vermont: Chelsea Green Publishing, 2009. Kindle.

Hollo, Nick. Warm House Cool House. Marrickville, NSW: Choice Books, 1995. 

Jones, Barbara. Building with Straw Bales: A practical manual for self-builders and architects. Cambridge: Green Books, 2015. 

McDonough, William and Michael Braungart. Cradle to Cradle: Remaking the Way We Make Things. London: Vintage Books, 2009.

McDonough, William and Michael Braungart. The Upcycle. Beyond Sustainability: Designing for Abundance. North Point Press, 2013.

McLennan, Jason F. The Philosophy of Sustainable Design. Bainbridge Is, WA: Ecotone Publishing, 2004.

Mollison, Bill. Permaculture: A Designers’ Manual. Tyalgum, NSW: Tagari Publications, 1988.  

Vale, Robert J.D., and Brenda Vale. The New Autonomous House. London: Thames & Hudson Ltd, 2000.

Obach, Brian K. Organic Struggle: The Movement for Sustainable Agriculture in the United States. London, England: The MIT Press, 2015.

Pichere, Pierre, Anne-Christine Cadiat, and Carly Probert. Maslow’s Hierarchy of Needs: Understand the true foundations of human motivation. 50 minutes, 
2015.

Vale, Robert J.D., and Brenda Vale. Time to Eat the Dog?: The Real Guide to Sustainable Living. London: Thames & Hudson Ltd, 2009.

Texts: Journal Articles:

Caytas, Joanna. “The COP21 Negotiations: One Step Forward, Two Steps Back.” Consilience, no. 19 (2018): 1-16. https://www.jstor.org/stable/26427709.

Popescu, Andrei-Laurentiu, and Ona Luca. “Built Environment and Climate Change.” Theoretical and Empirical Researches in Urban Management 12, no. 4 (2017): 52-66  

Blakers, Andrew. “Sustainable energy options.” In Learning from Fukushima: Nuclear power in East Asia, 319-348. Canberra, ACT: ANU Press, 2017. https://www.jstor.
org/stable/26234014.

Popescu, Andrei-Laurentiu, and Ona Luca. “Built Environment and Climate Change.” Theoretical and Empirical Researches in Urban Management 12, no. 4 (2017): 54  
https://www.jstor.org/stable/26234014. 

Opoko, A. P., E. O. IBEM, and E. K. Adeyemi. “Housing aspiration in an informal urban settlement: A case study.” Urbani Izziv 26, no. 2 (December 2015): 117-131.

Nelson, Anitra. “Less Is More: Living Closely on a Finite Planet.” In Shared Living on a Shared Planet. Pluto Press, 2018. https://www.jstor.org/stable/j.ctt1zk0mpz.7.

Alcorn, J. Andrew. “Global Sustainability and The New Zealand House.” Ph.D., Victoria University of Wellington, 2010.

Farquhar, Harriet. “Migration with Dignity: Towards a New Zealand Response to Climate Change Displacement in the Pacific.” Honours, Victoria University of Welling-
ton, 2014. https://researcharchive.vuw.ac.nz/xmlui/bitstream/handle/10063/4302/thesis.pdf?sequence=2.

NIWA. “Our Future Climate New Zealand.” Accessed May 15, 2018. https://ofcnz.niwa.co.nz/#/nationalMaps.

Te Kura Whare. “Self-Guided Tour Pamphlet.” 2014. 

The Island President. DVD. Directed by Jon Shenk. NYC: Samuel Goldwyn Films, 2011.

Mpusia, Peter Tipis Ole. “Comparison of Water Consumption between Greenhouse and Outdoor Cultivation”, Ph.D., International Institute Geo-Information Science 
and Earth Observation, 2006. ftp://ftp.itc.nl/pub/naivasha/ITC/Mpusia2006.pdf.

Other:



143 144

Gifford, Dawn. “How Much Land Do You Really Need to Be Self Sufficient?” Small Footprint Family. Accessed May 18, 2018. https://www.smallfootprintfamily.com/how-
much-land-is-needed-to-be-self-sufficient.
Global Ecovillage Network. “Meadowsong Eco Village.” Accessed September 15, 2018. https://ecovillage.org/project/meadowsong-ecovillage/. 

Global Footprint Network. “Ecological Footprint.” Accessed August 5, 2018. https://www.footprintnetwork.org/our-work/ecological-footprint/.  

Global Footprint Network. “Glossary.” Accessed July 19, 2018. https://www.footprintnetwork.org/resources/glossary/.
Global Footprint Network. “Open Data Platform.” Accessed May 10, 2018. http://data.footprintnetwork.org/#/compareCountries?type=earth&cn=all&yr=2013. 
Global Footprint Network. “Open Data Platform.” Accessed May 10, 2018. http://data.footprintnetwork.org/#/compareCountries?type=EFCpc&cn=all&yr=2013.

Green Mountain Technologies. “Earth Flow Custom Vessel.” Accessed September 10, 2018. http://compostingtechnology.com/in-vessel-composting-systems/earth-flow-
custom-vessel/.
growOTAGO. “growOTAGO Online Maps.” Accessed May 27, 2018. http://growotago.orc.govt.nz/.

Hanne, Sven, Carol Boyle. “Source Separation of Construction Wastes in New Zealand.” Accessed September 10, 2018. https://www.wasteminz.org.nz/wp-content/up-
loads/SOURCE-SEPARATION-OF-CONSTRUCTION-WASTES-IN-NEW-ZEALAND.pdf.
Harvey, Justine. “Toxic Declaration.” ArchitectureNow, September 2015. Accessed September 5, 2018. http://architecturenow.co.nz/articles/toxic-declaration/.
Heritage New Zealand. “Werner Dairy.” Accessed June 16, 2018. http://www.heritage.org.nz/the-list/details/2392.
International Living Future Institute. “Living Building Challenge, Materials Petal Intent.” Accessed April 23, 2018. https://living future.org/lbc/materials-petal/. 
International Living Future Institute. “Living Certified, Te Kura Whare.” Accessed April 23, 2018. https://living future.org/lbc/materials-petal/.
International Living Future Institute. “Te Kura Whare.” Accessed April 18, 2018. https://living-future.org/lbc/case-studies/te-kura-whare/.

Insight Economics. “Economic impacts of the proposed Mt Cardrona Station development.” Last modified November 25, 2016. https://www.qldc.govt.nz/assets/Uploads/
Council-Documents/Committees/Planning-and-Strategy-Committee/2-Feb-2017/Item-1-Proposed-Private-Plan-Change-52-Mount-Cardrona-Station-Special-Zone/Attach-
ment-F-Document-6-Market-Economics-Assessment-prepared-by-Fraser-Colegrave-of-Insight-Economics.pdf

Local Matters. “Warkworth Kiribati resettlement role praised.” Last modified February 29, 2016. https://www.localmatters.co.nz/news/10266-mahurangi-news-archives-
march-2016-warkworth-kiribati-resettlement-role-praised.html.
Leamy, M.L. “The Soils of Central Otago.” Accessed June 28, 2018. https://www.grassland.org.nz/publications/nzgrassland_publication_1713.pdf.
Modcell. “Modcell Straw Bale Panel System, The Self Build Guide.” Accessed July 24, 2018. https://www.the-self-build-guide.co.uk/modcell/.
 
Miller, Corzaon. “The shrinking size of an Auckland property section.” NZ Herald. Last modified March 15, 2018. https://www.nzherald.co.nz/business/news/article.cfm?c_
id=3&objectid=12013542. 

Ministry for the Environment. “Introduction.” Accessed August 30, 2018. http://www.mfe.govt.nz/publications/land/water-quality-selected-dairy-farming-catch-
ments-baseline-support-future-water-5.

Ministry of Business, Innovation & Employment. “Documents and images library.” Accessed May 10, 2018. http://www.mbie.govt.nz/info-services/housing-property/sec-
tor-information-and-statistics/documents-and-images-library/HAM%20v%20.

ArchDaily. “Christchurch Botanic Gardens / Pattersons.” Last modified July 6, 2017. https://www.archdaily.com/875161/christchurch-botanic-gardens-pattersons?ad_medi-
um=gallery.
Auroville. “Census September 2018 – Auroville population.” Accessed August 15, 2018. https://www.auroville.org/contents/3329. 
Auroville. “City Layout.” Accessed August 15, 2018. https://www.auroville.org/categories/5.

Bilderback, Ted, John Dole and Ronald Sneed. “Water Supply and Water Quality for Nursery and Greenhouse Crops.” Accessed September 18, 2018. http://www.nursery-
cropscience.info/water/source-water-quantity/extension-pubs/extension-pubs.
Central Otago NZ. “Bannockburn Sluicings.” Accessed July 24, 2018. https://www.centralotagonz.com/heritage/bannockburn-sluicings.

Cooke, Henry. “Where KiwiBuild is at with one year to build 1000 Houses.” Accessed July 2, 2018. https://www.stuff.co.nz/national/politics/105107864/where-kiwibuild-is-
at-with-one-year-to-build-1000-houses.
Clivus New England. “How the Clivus Multrum Works.” Accessed September 13, 2018. http://www.clivusne.com/science-and-technology.php.
Devan. “Rainwater Calculator.” Accessed September 29, 2018. https://www.devan.co.nz/rainwater-calculator/.
Earthaven. “Earthaven Ecovillage.” Accessed September 20, 2018. http://www.earthaven.org/.
Earthaven. “Ecovillages: Lessons for Sustainable Community.” Accessed September 20, 2018. https://ecovillagebook.org/ecovillages/earthaven/.
Earthaven. “Frequently Asked Questions.” Accessed September 20, 2018. http://www.earthaven.org/faq/#12.
Ecococon. “Modular Building.” Accessed July 24, 2018. http://www.ecococon.lt/english/modular-building/.

Edens, John. “Cardrona’s contaminated water supply led to norovirus outbreak.” Last modified December 13, 2013. http://www.stuff.co.nz/southland-times/
news/9511656/Cardronas-contaminated-water-supply-led-to-norovirus-outbreak.
EECA Energywise. “Solar.” Accessed September 24, 2018. https://www.eeca.govt.nz/energy-use-in-new-zealand/renewable-energy-resources/solar/.
EECA Energywise. “Solar calculator.” Accessed September 24, 2018. https://www.energywise.govt.nz/tools/solar-calculator/.
EECA Energywise. “Small wind turbines.” Accessed September 24, 2018. https://www.energywise.govt.nz/at-home/generating-energy/small-wind-turbines/.
Electricity Authority. “Electricity in New Zealand.” Last modified September 25, 2018. https://www.ea.govt.nz/about-us/media-and-publications/electricity-nz/.

Foundation for Arable Research. “Review of the role and practices of stubble burning in New Zealand, including alternative options and possible improvements.” Accessed 
September 21, 2018. https://www.far.org.nz/assets/files/uploads/130809_FAR_Stubble_Burning_Review_Final.pdf.
Forsyth, Blue, Min Hall, and Sven Johnston. “Is There a Place for Natural Building in New Zealand’s Conventional Housing Market?” Accessed September 20, 2018. https://
unitec.researchbank.ac.nz/bitstream/handle/10652/4145/1410_Min_Hall.pdf?sequence=1&isAllowed=y.

Gibson, Anne. “Phil Twyford reveals $2b KiwiBuild housing scheme.” NZ Herald. Accessed April 22, 2018. https://www.nzherald.co.nz/business/news/article.cfm?c_id=3&-
objectid=11936574.

Gibson, Anne. “What house deposit will you need to qualify for KiwiBuild?” NZ Herald. Last modified July 8, 2018. https://www.nzherald.co.nz/business/news/article.
cfm?c_id=3&objectid=12084096.

Websites:



145 146

MBIE. (2017, May 10). Documents and images library. Retrieved from Ministry of Buisness, Innovation & Employment: http://www.mbie.govt.nz/info-services/hous-
ing-property/sector-information-and-statistics/documents-and-images-library/HAM%20v%201.0%20Results%20Paper.pdf accessed 14 July 2018, 11.
NIWA. “Climate data and activities.” Accessed August 5, 2018. https://www.niwa.co.nz/education-and-training/schools/resources/climate.
 
Northland Regional Council. “Saving water.” Accessed September 10, 2018. https://www.nrc.govt.nz/Environment/Water/Take-action/Saving-water. 

OfHouses. “236. Nigel Cook Kelly House (Wind/Rain House).” Accessed May 12, 2018. http://ofhouses.tumblr.com/post/131138036315/236-nigel-cook-kelly-house-wind-
rain-house.
Otago Regional Council. “Upper Cardrona Catchment – Minimum Flows.” Accessed September 10, 2018. https://yoursay.orc.govt.nz/cardrona.
Otamatea Eco Village. “Community Structure.” Accessed September 8, 2018. http://www.otamatea.org.nz/community/index.htm.
Peters, Christian J., Jennifer L. Wilkins and Gary W Fick. “Land and Diet: What’s the most efficient diet for New York State?.” Accessed May 3, 2018. http://essex.cce.cor-
nell.edu/resources/land-diet-what-s-the-most-land-efficient-diet-for-new-york-state.
PrefabNZ. “About.” Accessed June 2, 2018. http://www.prefabnz.com/About.
Pringle Creek Community. “Pringle Creek Community History.” Accessed August 4, 2018. http://pringlecreek.com/about/history/.

Queenstown Lakes District Council. “Cardrona Village Character Guideline.” Last modified January 2012. https://www.qldc.govt.nz/assets/OldImages/Files/Strategies/Ur-
ban_Design_Strategy/Cardrona_Village_Character_Guidelines_Final_web.pdf. 

Renewables First. “How much energy could I generate from a hydro turbine?” Accessed September 10, 2018. https://www.renewablesfirst.co.uk/hydropower/hydropow-
er-learning-centre/how-much-energy-could-i-generate-from-a-hydro-turbine/.
Rothwell, Sarah. “Te Kura Whare: NZ’s 1st Certified Living Building.” Last modified May 23, 2017. https://www.jasmax.com/news/te-kura-whare-new-zealand-s-first-certi-
fied-living-building/.
Rural Delivery. “Southern Paprika.” Last modified July 2016. https://www.ruraldelivery.net.nz/stories/Southern-Paprika.
Smarter Homes. “Hydro power.” Accessed September 10, 2018. https://www.smarterhomes.org.nz/smart-guides/power-lighting-and-energy-saving/hydro-power/.
Southern Paprika Limited. “About Us.” Accessed August 20, 2018. http://www.southernpaprika.co.nz/.

StatsNZ. “Subnational Population Projections: 2013(base)-2043 update.” Last modified February 22, 2017.  http://archive.stats.govt.nz/browse_for_stats/population/esti-
mates_and_projections/SubnationalPopulationProjections_HOTP2013base-2043/Commentary.aspx.
StatsNZ. “We’re building bigger 40 years on.” Accessed August 14, 2018. http://archive.stats.govt.nz/browse_for_stats/industry_sectors/Construction/building-big-
ger-5oct-16.aspx.
Stuff. “Cardrona skifield reports record start to 2016 season.” Last modified July 26, 2016. https://www.stuff.co.nz/business/82498797/cardrona-skifield-reports-record-
start-to-2016-season.
Stuff. “Queenstown Lakes and Central Otago have highest asking price for homes.” Last modified January 4, 2018. https://www.stuff.co.nz/business/property/100324339/
queenstown-lakes-and-central-otago-have-highest-asking-price-for-homes. 

Sun-Mar. “Environmental Benefits.” Accessed April 15, 2018. http://www.sun-mar.com/tech_envi.html.
The New Zealand Companion Animal Council INC. “Companion Animals in NZ 2016 Executive Summary.” Accessed April 18, 2018. http://nzcac.org.nz/images/downloads/
Companion%20Animals_in_New_Zealand_2016_Report_web.pdf.
Te Ara. “Story: History.” Accessed September 10, 2018. https://teara.govt.nz/en/history/page-1. 
Tuhoe. “Living Certified, Te Kura Whare.” Accessed August 30, 2018. http://www.ngaituhoe.iwi.nz/Living-Certified-Te-Kura-Whare.

United Nations Framework Convention on Climate Change. “What is the Paris Agreement?” Accessed April 16, 2018. https://unfccc.int/process-and-meetings/the-par-
is-agreement/what-is-the-paris-agreement.
U.S. Climate Data. “Climate Salem, Oregon.” Accessed August 5, 2018. https://www.usclimatedata.com/climate/salem/oregon/united-states/usor0304/2018/1.

Varinsky, Dana. “The ‘Tesla of eco-villages’ is developing off-grid villages that grow their own food and generate their own power.” Business Insider Australia. Last modified 
September 29, 2016. https://www.businessinsider.com.au/self-sufficient-village-regen-2016-9?r=US&IR=T.
WinterGardenz. “Poly vs Glass for use on a Glasshouse or Greenhouse.” Accessed Sept 15, 2018. https://www.wintergardenz.com/glass-vs-poly.html. 

World Habitat. “Earthsong Eco-Neighbourhood.” Accessed September 20, 2018. https://www.world-habitat.org/world-habitat-awards/winners-and-finalists/earth-
song-eco-neighbourhood/.



147 148

Edge theory
One example of applying permaculture principles to architectural 
design is by using the ‘edge theory’ outlined by Toby Hemenway.1 
Hemenway explains that constructing boundaries with a zigzag 
pattern will increase planting area on the edges, making the struc-
ture more wind resistant. The external pockets within the zig zag will 
also have sheltered areas to grow outside. In applying this theory 
to a ‘glass shed design’, a 16.9m x 11.3m shed has 190m2 internal 
space and 56.4m of edge (walls). If the walls are then zigzagged in 2m 
sectors the internal area decreases to 160m2 and the edge increases 
to 69.6m. This reduction of internal space instead provides a semi 
protected outdoor area adding a degree of climatic variance to grow 
produce best suited to those conditions. The increased edge will also 
provide more area for produce, such as herbs, to grow on the internal 
south wall.
See section 4.2.1

1 Toby Hemenway, Gaia’s Garden (White River Junction, Vermont: Chelsea Green Publishing, 
2009), chap. 3, Kindle.

10.0 Appendix:

Vents for the adobe trombe wall were designed to replace two bricks. This allowed the vents to be placed anywhere in the courses. The first prototype 
used scrap plywood and the CNC. The sliding element had a weak attachment between the two opening faces. The second protoype used a metal bar 
that extended through both faces. The weight of the metal bar made sliding difficult. The second prototype used floor boards. The tongue and grove 
joints were cut off the floor boards and used as the runners. The aim here was to explore the potential of using scrap material to create the vent system. 
See section 3.2.4  

Trombe wall ‘vent’ exploration

Figure 91: Edge theory

Figure 92: Trombe wall vent protoypes
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Globally, the average allocated bio-productive land as of 2013 
is 1.71 gha per person, this number progressively altering with 
population growth and deterioration of the land. New Zealand’s 
bio-productive land per person as of 2013 is at 9.91 gha.2 When 
taking away the forestry sector of NZ’s bio-capacity we see the 
number per person drop to 4 gha (this figure includes built-
up land, cropland, fishing grounds and grazing land). It can be 
argued that each country should have the ability to live within its 
means, and therefore New Zealanders have the right to a 4 gha 
ecological footprint per person. But, with a civilization ruled by 
globalization, the land used to sustain the western-lifestyle is not 
used within the boundaries of a nation. Therefore, this research 
project uses the global bio-productive land of 1.72 gha as an 
absolute maximum and looks to self-sufficient principles stop the 
reliance on out-of-sight land.   

2 “Open Data Platform,” Global Footprint Network, accessed May 10, 2018, http://data.
footprintnetwork.org/#/compareCountries?type=earth&cn=all&yr=2013.

New Zealand’s bio-capacity

 
After purchasing abandoned land, founders, Kenneth Mahaffey 
and Dianne Brause rejuvenated ‘Lost Valley’ with their own 
funds and labour.3 This village is hence an example of a start-
up on the end of the spectrum where a majority is founder 
funds. An alternative option of funding, as explained by Diana 
Christian in the text, Creating a Life Together: Practical Tools to 
Grow Ecovillages and Intentional Communities, involves multi-
ple residents of the community pooling funds together as seen 
in Earthavens start-up ‘EarthShares’ fund.4 This ‘EarthShares’ 
consisted of nearly 20 to-be-residents investments, allowing the 
property to be fully purchased within four years.  

The financing extremes being either that of full finance from 
a few individuals or multiple parties via a funds scheme, com-
munity design input varies. Since this project is pre-designed 
and zoned, with mass-customization options for the residents, 
it is assumed that the Cardrona ecovillage will be funded by an 
external developer or government scheme. Residents will then 
purchase homes individually, with access to shared spaces and 
other amenities included in this capital cost.  

 
3 Diana L. Christian, Creating a Life Together (Gabriola Is, BC: New Society Publishers, 
2003) chap. 14. Adobe Digital Editions, 45.
4 Diana L. Christian, Creating a Life Together, 45.

Finacing and land purchasing:

Within the community jobs must be set out to ensure upkeep of the village is 
maintained. Bill Mollison details the effect ‘jobs’ have on an individual, defin-
ing two ‘unhappy states of mind’.5 The first unhappy state involves a sense of 
unemployment or to be of no use to anyone. The second is the unhappy state 
of being employed but without initiative or purpose. Mediating the number of 
required maintenance hours, with added pay for additional hours is one way to 
give residents control over their work. 

An example of work distribution amongst shared land is seen 100km north of 
Auckland, New Zealand in the Otamatea eco-village. Otamatea has its land or-
ganised in sections, with one owner or family per section, and 71ha of shared 
land.6 Shared land is collectively owned by the community, with each section 
having an equal say in the management of it. Subsequently, this land has its 
villagers contribute three hours per week per section minimum. This ensures 
maintenance of the shared land, with equal share of work. Villagers can then 
allocate the rest of their time to their own land or jobs.

Additional work is also required for items such as food production, where full 
time work is needed. This means access hours outside the allocated equal 
share of community hours. In the text, Permaculture, Mollison states that for 
food production, 1 adult can be employed to work on the food sector, and is 
able to supply up to 20 adults.7 Mollison continues to explain that, “…surplus 
can be sold off to visitors or locals from outside the village proper via a village 
market.”8 This method sees job opportunities for villagers and the needed 
labour to support the villages self-sufficient food supply.

Variety in work opportunity outside the equal share of required maintenance 
hours will provide residence with a sense of purpose and freedom of choice. 
This process will also ensure the up-keep of the village. 
See section 4.5.1 

5 Bill Mollison, Permaculture: A Designers’ Manual (Tyalgum, NSW: Tagari Publications, 1988), 532.
6 “Community Structure,” Otamatea Eco Village, accessed September 8, 2018, http://www.otamatea.org.nz/
community/index.htm.
7 Mollison, Permaculture: A Designers’ Manual, 528.
8 Mollison, Permaculture: A Designers’ Manual, 528.

Maintenance and shared responsibilities: 

Other architectural applications in self-sufficient food supply include 
storage facilities where sunlight exposure and internal temperatures 
are kept low. In New Zealand, food stores have been part of archi-
tectural history since Maori first occupied the land around the late 
13th century.9 Traditional Maori storehouses known as rua kai, for 
food such as dried meats, taro or kumara commonly saw the floors 
dug as pits with structures built for covering.10 Storehouses for crops 
were not ornamented but remained as purely functional structures. 
Architectural features of the store houses include cool environments 
with limited sun, weather proofing through a closed roof and walls, 
drainage and a buffer zone between ground and crops. 
 
9 “Story: History,” Te Ara, accessed September 10, 2018, https://teara.govt.nz/en/history/
page-1.
10 Elsdon Best, Maori storehouses and kindred structures (Wellington, New Zealand: A. R. 
Shearer, 1974), 57.

Storehouses:

Figure 93: Bio-capacity
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