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Introduction 

Mutually arising with the continuing shift in control over resources, markets 
and technology to transnational corporations is the need to cultivate a global 
system of localized economies that root economic power and environmental 
responsibility in self-reliant people and communities (Korten, 1996). Adopting 
the modus operandi of centralization has effected a myriad of issues, 
including: peak oil, peak water, food insecurity and an impending food crisis, a 
deteriorating single-purpose infrastructure, economic instability and ecological 
devastation (Ahern, 2014, p. 2; Korten, 1996; Gunders, 2012, p.1; Hellwinckel 
& Ugarte, 2009; McLennan, 2006, p. 9). For instance, in the process of farm-
to-fork, the modern industrial agricultural system “eats up 10 percent of the 
U.S. energy budget, uses 50 percent of U.S. land, and swallows 80 percent of 
all freshwater consumed in the United States” (Gunders, 2012, p.1). Even still, 
40 percent of food in the United States is wasted while one in seven Americans 
experience food insecurity (Coleman, 2014). This accounts for the equivalent 
of $165 billion wasted each year and the single largest contribution to U.S. 
municipal solid waste and methane emissions at the landfill. In response to 
these issues, the BioSTEAD Initiative addresses “the need to organize human 
habitats in ways that support the right of all people to a place in society and on 
earth with access to the resources required to create a secure and fulfilling life 
for themselves, at peace with their neighbors, and in balance with the earth’s 
natural systems” (Korten, 1996). Stead is defined as both (1) a place or locality 
and, as a transitive verb, (2) to be of service. In this regard, BioSTEAD is a 
living edifice serving as a safe-to-fail research site for Sustainable Technology, 
Environmental and Agricultural Development. The core purpose of this 
initiative is to develop an open-source process for educational institutions 
around the world to implement climate-specific green building research sites, 
and to provide an academic environment for sustainable development 
experimentation and education, thereby serving as a model for locally-adapted 
regenerative practices. Our beginnings are at the University of Massachusetts 
Amherst; our inspiration is international. 
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Background 

Earthship Biotecture: Architect Michael Reynolds developed the earthship 
concept in the 1970s with the intention of creating self-sufficient living units. 
Reynolds’ designs have been widely implemented, and they are rooted in six 
principles: (1) sustainable building with natural and recycled materials, (2) 
thermal mass for thermal heating and cooling, (3) water harvesting, (4) food 
harvesting, (5) energy harvesting and (6) contained sewage treatment. In 2007, 
Kruis and Heun of Calvin College published an analysis of the performance of 
earthship housing in various global climates. For the purposes of their study, 
earthships were sized to accommodate a typical family of 4 in the United 
States and compared to wood-framed homes. Thermal, electrical, water and 
financial models and simulations lead the group to conclude that earthships are 
a financially feasible and more sustainable alternative to wood framed housing 
given that some principles are compromised for municipal supplements to the 
utilities.  

Living Building Challenge: The Living Building Challenge aims to 
“dramatically raise the bar from a paradigm of doing less harm to one in which 
we view our role as steward and co-creator of a true Living Future” 
(McLennan, 2006). A set of standards, called petals, governs the certification 
process for Living Buildings. The specifications to note are: place, net positive 
water, net positive energy, materials, and equity. Through the place petal, the 
Living Building Challenge envisions a step back from incessant expansion and 
a focus on connected communities, “inherently conserving the natural 
resources that support human health and the farmlands that feed us, while also 
inviting natural systems back into the daily fabric of our lives” (McLennan, 
2006, p. 24). The intention of net positive water is to develop based on the 
carrying capacity of the site, “harvesting sufficient water to meet the needs of a 
given population while respecting the natural hydrology of the land, the water 
needs of the ecosystem the site inhabits, and those of its neighbors” 
(McLennan, 2006, p.30). The vision of net positive energy includes a safe, 
reliable, resilient and decentralized power grid, powered entirely by renewable 
energy in abundance. The purpose of the materials petal is to utilize non-toxic, 
ecologically regenerative, transparent and socially equitable resources. 
Regarding equity, the Living Building Challenge intends to foster a just and 
inclusive community regardless of background, age, class, race, gender, or 
sexual orientation (McLennan, 2006).  

Safe-to-Fail Resilience Theory: Professor Jack Ahern of the University of 
Massachusetts Amherst published an article in 2011 titled From fail-safe to 
safe-to-fail: Sustainability and resilience in the new urban world. In this 
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article, Ahern posits that an urban function provided by a centralized entity or 
infrastructure is “more vulnerable to failure” than a distributed decentralized 
system due to static landscape design for an unpredictable environment 
(Ahern, 2011, p. 5). Introducing resilience theory, Ahern describes the design 
perspective of “safe-to-fail” that “anticipates failures and designs systems 
strategically so that failure is contained and minimized” (Ahern, 2011, p.6). 
These systems are characterized as distributed and decentralized, biodiverse, 
modular, innovative, having tight feedback loops, involving social capital, and 
acknowledging slow variables and thresholds. Solutions for resilience, Ahern 
continues, therefore are more likely to evolve from such “transdisciplinary 
research and project-based collaborations involving an increasing number of 
overlapping and complementary disciplines” (Ahern, 2011, p.9).  

Goals 

The BioSTEAD Initiative’s designs, standards and specifications are an 
aggregate of those developed by Earthship Biotecture, The Living Building 
Challenge and The Safe-to-Fail Resilience Theory by Professor Jack Ahern. 
For the purpose of this study, the goals are established with regard to the 
environmental stewardship and basic needs of a typical American family of 
four. Figure 1 shows the floor plan of an earthship used as a basis for 
specifying the goals related to (1) space, (2) water, (3) food, (4) waste, (5) 
energy, (6) materials and (7) equity.  

 
Figure 1. Earthship floor plan for three bedroom / two bath, 1990 sq. ft. home. 

⎯ SPACE 
o Safe-to-Fail: integrated modular systems to allow for an extensible 

and evolving green infrastructure of the building.  
o Thermal Comfort: operative temperature between 21C and 28C 

(70F and 82F) 
o Mindfulness: realigning our understanding and relation to the 

natural environment that sustains us to one of symbiosis. 
Educational and demonstrable to the public. 
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⎯ WATER 
o Net Positive: provide potable water meeting earthship inhabitants’ 

average use of 370L/day (Kruis & Heun, 2007, p.8).  
o Mindfulness: realign individuals’ use of water and redefine ‘waste’ 

in the built environment so that water is respected as a precious 
resource. 

⎯ FOOD 
o Permaculture: agricultural systems around natural dynamics of the 

ecosystem to maintain fertility, build topsoil, raise pollinators, 
resist pests and diseases, sequester carbon and be highly 
productive year-round.  

o Medicinal: provide healing plants for the well-being of the 
inhabitants. 

o Local: support a web of local agriculture. 
⎯ WASTE 

o Sewage: all storm water discharge, including grey and black water, 
must be treated onsite and managed either through reuse, a closed 
loop system, or infiltration. 

o Food Waste: composted on site and reused as soil. 
o Recycled Materials: source locally recycled building materials. 

⎯ ENERGY 
o Net Positive: meet the 8kWh/day energy needs of the inhabitants 

with safe, reliable, decentralized and renewable power (Kruis & 
Heun, 2007, p.4; McLennan, 2006, p.34).  

⎯ MATERIALS 
o Responsibly Sourced: natural, recycled, local, non-toxic, 

ecologically regenerative, transparent and socially equitable. 
⎯ EQUITY 

o Social and Economic: fair, just and equitable treatment of all 
people regardless of socioeconomic status, age, ethnicity, and 
gender. Fair trade. Transdisciplinary. 

o Environmental: employ a land ethic that affirms the right of 
‘resources’ (soil, water, plants and animals) to continued 
existence, and, at least in spots, their continued existence in a 
natural state (Leopold, 1970, p.239) 

Methods 

SPACE: Working with Reynolds’ earthship design, the high density soil inside 
the tires, along with earth berms on the exterior of the walls, maximizes the 
thermal mass of the home. Capitalizing on passive solar heating and a natural 
ventilation process known as the stack effect, the large thermal mass stores 
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heat and stabilizes the interior operative temperature (Kruis & Heun, 2007, 
p.1). The target location for this build is the Agricultural Learning Center 
(ALC) at the University of Massachusetts Amherst. The ALC is a 40 acre plot 
of farmland that serves as a hands-on, living classroom for students to learn 
about regenerative farming and the horticultural, nursery and landscape 
industries. Figure 2 illustrates the suggested position of the BioSTEAD and 
Figure 3 shows the location of the ALC in relation to the university campus. 
The extensive open land in this area allows for strategic positioning of the 
BioSTEAD for optimal solar gain.  

 
Figure 2. BioSTEAD footprint at the 

ALC 
Figure 3. ALC location near campus 

(denoted by the black star) 

WATER: The BioSTEAD’s water system is inspired by the earthship water 
organizational module (WOM). Figure 4 illustrates the earthship WOM (Kruis 
& Heun, 2007, p.4). Precipitation runs off the roof (1), collects in a gutter, and 
deposits into a cistern (2) for long term storage. Water from the cistern is 
pumped through a filter and into a pressure tank (3) for potable, domestic use. 
Water in the pressure tank is used in showers, baths and sinks (4). Drainage 
flows through a grease interceptor (not pictured) and into an interior planter 
(5). Water not absorbed by plants gathers at the bottom of the planter where it 
can be pumped back into the bathroom for toilet flushing (6). Effluent from the 
toilet is discharged into a botanical treatment cell (7), which, in conjunction 
with a conventional septic tank, contains and treats the earthship’s wastewater. 

The U.S. national average for water use is 1770 L/day. “Efficient use” is 950 
L/day, and a typical earthship use is 370 L/day. Over a 1990 sq. ft. roof, a 
BioSTEAD in Amherst collects 592 L/day, on average (US Climate Data, 
2016). For this reason, the water needs of a four person family would be 
sufficiently met.  
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Figure 4. Earthship catchwater and greywater system 

FOOD: Innovative green builders and pioneers in the field of permaculture 
provide a foundation for achieving our goals related to regenerative 
agriculture. The earthship design incorporates a greenhouse in the front of the 
building for food production, medicinal plant growth and interior temperature 
regulation. As referenced in the aforementioned water system (Figure 5), a 
botanical garden planter exists inside the greenhouse and provides food for the 
household. To maximize the food production per unit area, half of the 
BioSTEAD’s interior space is dedicated to regenerative agriculture and the 
exterior is reserved for an edible forest garden. Standards of the Vermont 
Regenerative Agriculture Certification Program suggest a fair template for 
measuring success in regenerative farming (Campion 2016). By integrating 
polyculture systems to meet these standards, a family and community can 
produce food and medicinals in abundance (Hellwinckel & Ugarte, 2009).  

WASTE: Michael Reynolds’ intention with earthships was to create self-reliant 
living units from sustainable or recycled materials. A typical Northern 
Hemisphere earthship (Figure 1) consists of west, north and east walls 
constructed using soil-packed automobile tires stacked as bricks to a height of 
8 ft. (2.4 m) (Kruis & Heun, 2007, p.1). For the average earthship, this diverts 
from the landfill around 750 tires and hundreds of bottles and cans which are 
used in the framing. The water system (Figure 4) contains the sewage and 
composting systems recycle the food waste. The culmination of these factors 
greatly contributes to the decrease in a BioSTEAD’s ecological footprint. 

ENERGY: The primary energy source for a BioSTEAD is the sun. Photovoltaic 
systems follow a commonly adopted integration of technologies and this 
system is known as the power organizational module (POM) in earthships. The 
solar panels convert solar energy into DC electrical energy. Current from the 
panels flows through a charge controller that regulates the charging of the 
batteries, which store the electrical energy. An inverter translates the direct 
current (DC) from the battery bank or a generator into alternating current (AC) 
to power standard home appliances. Current battery technologies, such as the 7 
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kWh/day Tesla Powerwall, can be configured into integrated topologies to 
meet the net positive energy goal of 8 kWh/day energy needs of a family of 
four.  

MATERIALS: Just as The Living Building Challenge, the BioSTEAD Initiative 
envisions a future where all resources in the built environment are regenerative 
and have no negative impact on human and environmental health. From stone, 
metal, minerals and timber to tires, bottles and funding, the BioSTEAD has 
guidelines for conscious consumption in a materials economy stated in the 
goals section.  

EQUITY: The social sustainability of the BioSTEAD is rooted in community 
involvement. In prioritizing an open and equitable platform for student, faculty 
and community inclusion, an intersection is formed between design 
professionals, decision makers and stakeholders (Ahern & Becker, 2014, p.6). 
Consequently, communal understanding and value of the project give rise to 
public support and cultural identity with the BioSTEAD. Economically, the 
designs are open-source and optimized for minimal cost so as to empower 
community members of various income level to meet their basic needs. 
Environmentally, all of the methods that the BioSTEAD employs affirm an 
inherent respect for the ecosystem.  
Results 

The analysis of the performance of earthships in various global climates 
presented by Kruis and Heun demonstrates that these buildings are 
economically feasible and more sustainable than a standard wood-framed 
home. This conclusion supposes that the earthship will be supplemented with 
minimal utilities to meet the energy, water and heating needs that the house 
could not produce in its respective climate. For our New England climate, 
earthship construction is fairly novel. The closest earthship to the University of 
Massachusetts Amherst is owned by Amitava Biswas in Huntington, VT. From 
two work-visits to this build, our student group learned the advantages, such as 
plentiful rainfall, and disadvantages, such as humidity, of New England 
earthships.  

Discussion and Conclusion 

A core principle in permaculture is leveraging a perceived problem as an 
advantageous solution. Pioneers such as Earthship Biotecture, The Living 
Building Challenge and Professor Jack Ahern lay the groundwork for others to 
synthesize and create new solutions in sustainable development. The 
BioSTEAD Initiative’s goals have roots in these innovators, and our group 
applies these goals through methods regarding space, water, food, waste, 
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energy, materials and equity. As a safe-to-fail educational site for sustainable 
development, the BioSTEAD serves to provide the space for researchers to 
determine and demonstrate feasible implementations that meet the basic needs 
of a typical family of four in an environmentally just way. In assessing the 
systems within the BioSTEAD and practices it represents, an effective and 
extensible process for global incorporation of green buildings at educational 
institutions, and surrounding communities thereafter, is conceivable. 
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