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Abstract

Sustainability practices in design development are a common goal in urban
settings, especially in an environment such as the arid Southwest U.S. where
resources are limited. Here, sunshine and heat are abundant where water resources
are low. So, how can we use these circumstances and constraints to our advantage
in future designs or in potential retrofits? Institutional establishments with longterm residents, such as prisons, which use a significant amount of resources can
reduce their energy, food and water costs by using sustainable practices. These
practices can help reduce the costs of prisoner housing and eventually lower costs
to tax payers.
This project focuses on a hypothetical retrofit of the Wilmot Department of
Corrections (Wilmot D.O.C.) prison facility in Tucson, AZ.

5

Table of contents
INTRODUCTION
p. 8
- Research Question
p.8
- Research Significance p. 9
- Project Description p. 10
- Goals and Objectives p. 10
LITERATURE REVIEW
- Solar power				
- Wastewater management
- On site food production
- Rehabilitation			

p.11
p. 12
p.18
p. 32
p. 54

CASE STUDIES					p. 57
- Colorado Correctional Industries
p.58
- ASPC Lewis						p. 62
- Sidwell Friends Middle School		
p. 66
- New Orleans Parish				
p. 71
- Disney’s Living With the Land		
p. 74
- Sustainable Prisons Project			
p. 78
6

SITE ANALYSIS		
- Site Context			
- Data Usage			
DESIGN			
- Layout				
- Greenhouses			
- Constructed Wetlands
- Composting Fields
- Workshops			

p. 90
p. 92
p. 96
p. 99
p. 101
p. 102
p. 112
p. 115
p. 116

CONCLUSIONS		

p. 118

WORKS CITED		

p. 122

IMAGE CREDITS

p. 127

APPENDICES		

p. 131

7

Introduction

Prisons are essentially small cities that
operate twenty four hours a day, seven days
a week. From housing and food service
to educational programs and correctional
maintenance, they can be extremely
costly and resource-intensive. But we can
lessen their impact. We can make prisons
more sustainable, not only saving money
and the environment, but also setting an
example for other establishments. This
project focuses on a sustainable retrofit
of the Wilmot D.O.C. (Department of
Corrections) prison facility in Tucson, AZ.

This complex hosts varied opportunities
for sustainable implementations that will
result in lower costs of facility maintenance
and eventually lower costs to the taxpayers
of the state of Arizona. A large-scale
institution such as a prison can save a
substantial amount of money and energy by
using these sustainable techniques. There
are also many opportunities to involve the
prisoners in these projects as a form of
prison rehabilitation, occupational training
and community service.

Research Questions
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How can landscape architecture strategies guide a
prison retrofit that can potentially lower the costs
of housing prisoners while benefiting the lives of
prisoners, the environment and the community as well?
How can the Wilmot DOC prison be transformed into a
community resource?

Research Significance
The techniques explored in this Master’s
report can be applied at all levels and sizes;
from commercial to residential. The positive
environmental and social impacts they can have
will serve as a role model for sustainability
everywhere. This research can help promote

these ideas to future generations and
get the word out that these techniques
can even help to amend some world
issues of poverty, lack of clean water
and food. This Master’s Report is to
serve as a resource for sustainability
ideas.
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Project Description

Goals and objectives

This Master’s Report focuses on a
hypothetical sustainable retrofit of the
Wilmot Department of Corrections
prison facility in Tucson, AZ. It’s about
a transformation of the prison for what

1. Analyze present circumstances at The
Wilmot D.O.C. prison and see where
sustainability methods may be
implemented.
-Obtain information regarding water,
power and food usage and available
space

it is and envisioning what it could be. It
creates a beneficial relationship between
the Wilmot D.O.C. and the Tucson
community. It aims at utilizing natural
resources and preserving dwindling
ones while reaching out to educate
and rehabilitate the prisoners. This
Master’s Report is to serve as a role
model for other designs or retrofits of
like establishments. It aims at creating
ways for the prison to belong to and to
contribute to the community. A portion
of this Master’s Report includes a
website providing in-depth information
and resources.
10

2. Research appropriate methods of
sustainability applicable to this project.
-Focus on solar power
-Focus on wastewater management
-Focus on food production
3. Get the word out!
-Create social outlets that relay
design and conclusions

Literature review
The literature review is intended for research on ideas related to the topic at hand.
This information, combined with the case reviews, helps determine design implications.
This literature review focuses on ways of lowering energy costs by solar power, food
production and onsite wastewater management.
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Solar Power
Tucson, AZ is known for its sunny skies
and warm, dry weather. Here there are
approximately 284 days of unclouded
sunshine. Tucson has ideal weather
for sunbathing, flying and solar power
harvesting. There is a great fitness to
utilize this natural resource in Tucson. A
large institution such as a prison, which
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uses a lot of electricity, stands to gain by
using solar power which lowers energy
consumption rates. Sunny conditions can
actually be used to the prisons advantage by
using solar energy to help generate power
and lower electricity costs.

Solar power is defined as the conversion
of sunlight into electricity, either directly
using photovoltaic (PV), or indirectly
using concentrated solar power (CSP).
Solar power systems use lenses, mirrors
and tracking systems to focus a large
area of sunlight into a small beam.
Photovoltaic convert light into electric
current using the photoelectric effect.
Solar cells produce direct current (DC)

power, which fluctuates with the intensity
of the irradiated light. This usually requires
conversion to certain desired voltages or
alternating current (AC), which requires
the use of inverters. Multiple solar cells are
connected inside the modules. Modules are
wired together to form arrays, and then tied
to an inverter, which produces power at
the desired voltage, and for AC, frequency/
phase (Blakers, 2000).
13

Photovoltaic systems use no fuel and
modules typically last 25 to 40 years.
The cost of installation is almost the only
cost, as there is very little maintenance
required. Installation cost is measured in
$/watt. The product of the local cost of
electricity determines the break-even point
for solar power (Solar Store). Photovoltaic
Investments, organized by EPIA (European
Photovoltaic Industry Association), has
estimated that PV systems will pay back
its investors in 8 to 12 years. In a power
generating system, the energy payback time
is the time required to generate as much
energy as was consumed during production

Rising utility rates
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of the system. In 2000, the energy payback
time of PV systems was estimated to be 8
to 11 years (Department of Energy, 2011).
This means the solar investment will pay
itself off in this short amount of time in
comparison to the life expectancy of a large
facility. Grid parity, which is the point at
which photovoltaic electricity is equal to or
cheaper than grid power, is achieved first
and quickly in areas with abundant sun
and high costs for electricity. Areas like the
Southwest are ideal conditions for short
energy payback times and reaching grid
parity sooner.

Photovoltaic solar resource

The early development of solar
technologies started in the 1860’s, and
was driven by an expectation that coal
would soon become scarce. However,
development of solar technologies
stagnated in the early 20th century due
to the increasing availability, economy,
and utility of coal and petroleum. The
1973 oil embargo and 1979 energy crisis
caused a reorganization of energy policies
around the world and a renewed attention
was brought to the developing of solar

power technologies. After that, solar power
installations grew rapidly, but falling oil
prices in the early 1980s moderated the
expected growth. Since 1997, solar power
development has accelerated due to supply
issues with oil and natural gas, global
warming concerns along with the improving
economic benefits and the greater efficiency
of solar power systems. Production growth
has averaged 40% per year since 2000 and
installed capacity reached 39.8 GW at the
end of 2010.(Department of Energy, 2010).
Despite the overwhelming availability of
solar power and its improved technology,
relatively few systems have been installed,
due to the high installation costs. This cost
has declined however as more systems have
been installed, tax incentives are now being
provided and there is more of a personal
interest in alternative sources of power.
Governments have also created various
financial incentives to encourage the use of
solar power.
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According to, The Department of
Energy, the political purpose of
incentive policies for solar power is to
facilitate an initial deployment to begin
to grow the industry, even where the
cost of solar is significantly above that
of grid parity, to allow the industry to
achieve the economies of scale necessary
to reach grid parity. The policies are
implemented to promote national energy
independence, high-tech job creation
and the reduction of CO2 emissions.
Implementing solar technologies at
prisons seems to be well aligned with
the sustainable goals of the country, and
prisons are perfect candidates for solar
energy retrofits.
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Three government, state, or city incentive
mechanisms that are available and most often
used are:
•
Investment subsidies: the authorities
refund part of the cost of installation of the
system.
•
Feed-in Tariffs (FIT): the electricity
utility buys PV electricity from the producer
under a multiyear contract at a guaranteed
rate.
•
Solar Renewable Energy Certificates
(“SRECs”), which are designed to increase the
economic value of a solar investment and also
assists with the financing of solar technology.

The amount of solar power to be
harvested will depend on how much
room there is to install the panels in the
appropriate places. Solar power is a
great start for sustainability retrofit of any
establishment or home. Tucson, AZ hosts
the perfect environment for solar-power
harvesting and this natural resource

should be utilized and celebrated. The use of
solar power in a prison facility could serve as
a design model for other prisons and states.
There is an opportunity to put Tucson on
the forefront of sustainability and forward
thinking solutions by implementing solar
power retrofits at large public institutions like
the Wilmot D.O.C. prison.
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Water and wastewater management
Areas such as the arid Southwest need
to be resourceful, innovative and smart
when using water, as it is a limited
commodity in this environment. Water
here should be treated and valued as a
resource and should be harvested and
reused whenever and wherever possible.
According to TucsonAZ.gov, currently
water tables in Tucson are 200+ feet
below ground and it takes a substantial
amount of force to pump it to ground
level. The energy spent on pumping
water 200 feet is considered costly and

18

environmentally detrimental. There are efforts
being made to recharge our groundwater
wells but any and all other solutions must be
considered as well.
At present, 22 billion gallons of Tucson
water comes from Central Arizona Project,
also known as CAP. CAP carries water from
Lake Havasu near Parker to the southern
boundary of the San Xavier Indian Reservation
southwest of Tucson. It is a 336-mile long
system of aqueducts, tunnels, pumping plants
and pipelines and is the largest single resource
of renewable water supplies in the state of
Arizona. The CAP is the largest and most
expensive aqueduct system ever constructed in
the United States. (Cap-az.com)

CAP serves about 5 million people in
Maricopa, Pinal and Pima counties by
delivering water to its more than 80 long-term
customers who fall into three user groups:

Municipal & industrial:
CAP does not treat water for drinking. CAP
is the “wholesaler” which provides water to
some customers, including cities and water
utilities, which treat water for drinking and
deliver it to residents and businesses.

Native Americans:
CAP delivers water to Native American
communities in central and southern
Arizona. However, by law, CAP is not
permitted to do business directly with the
tribes. Tribal nations contract with the U.S.
Department of the Interior for CAP water.
Native Americans may use the Colorado
River water for municipal purposes,
farming, or leasing to cities.

Agricultural:
CAP’s agricultural customers are primarily
large irrigation districts, which deliver water
to farmers. The majority of water CAP
delivers is used for agriculture. As cities grow
they will begin using more CAP water.
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Tucson relies heavily on CAP water,
however, there needs to be a plan for when
this resource comes to an end. As is stands,
Tucson’s water supply is more vulnerable to
Central Arizona Project reliability issues than
many other subcontractors because it has the
largest Central Arizona Project subcontract
and it is located at the end of the aqueduct.
If the Central Arizona Project were to go
temporarily off line or if extended drought
conditions cause shortages on the Colorado
River in future years, Tucson Water’s
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Colorado River water supplies could be
significantly reduced for indeterminate
periods of time. Model projections
performed by Arizona Department of
Water Resources suggest that in future
years, there is an increasing likelihood of
periodic shortages on the Colorado River
due to significant droughts. Such events
would affect the reliability of Tucson
Water’s supply of Colorado River water
since the Central Arizona Project has the
most junior right (cap-az.com).

According to The EPA (Environmental
Protection Agency), each person in Tucson
uses 50 gallons of water/per day, in a large
housing establishment, this concentrated
number results in extreme water usage and
high water costs.
Water reuse and wastewater management
are key issues here in Tucson where water
tables are low and current solutions are
only temporary. There has to be a focus
on water management and future planning
of alternative methods. Modern water

management is now being operated at
all levels from private residential to large
scale institutional and each of these holds
opportunities for water harvesting, reuse
and reclamation. A large enterprise such
as a prison, which uses an abundance of
water offers many occasions for sustainable
implementations.
Wastewater management shall be a focus of
study as well as alternative methods of water
re-use in hopes to correlate water solutions
for the Wilmot D.O.C. in Tucson, AZ.
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Wastewater management - greywater
There are many innovative techniques
for saving and reusing water in the desert
and one to further examine is the use of
grey water systems. Recycling water in a
prison facility is enterprising as this large
establishment uses a lot of water that can be
treated and reused on-site. No opportunity
should be wasted when considering efforts
to use save and reuse water.
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Greywater

Greywater, or sullage, is wastewater
generated from domestic activities such as
laundry, dish washing, and bathing, where
water can be recycled on-site for uses such
as landscape irrigation and constructed
wetlands (letsgogreen.com). Greywater
gets its name from its cloudy appearance
and from its status as being between fresh,
potable water (known as “white water”) and
sewage water (“black water”).

Blackwater

Domestic wastewater is usually combined
at the sewer, so that grey- and blackwaters
are removed together using a shared sewer
system in a process called elimination
(Stumpf, 2007). When properly separated
and managed, greywater can be a
valuable resource to agricultural growers,
home gardeners as well as any other
establishment wishing to reduce water
waste and costs.

Plants can use the contaminants of the
greywater, such as food particles, as nutrients
for their growth. Salt and soap residues can
be toxic to microbial and plant life however,
they can be absorbed and degraded through
constructed wetlands and aquatic plants such
as sedges, rushes, and grasses that work as
filters to clean water. Recycled greywater of
this kind is never safe to drink, but a number
of stages of filtration and microbial digestion
can be used to provide water for washing or
flushing toilets.
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According to “A Technical Evaluation”,
published by the US Army Corps, there are
numerous systems based on soft processes
filtering the water to become potable or
near-potable.
These include natural biological
principles such as:
• Mechanical systems (sand filtration, charcoal,
carbon and lava filter systems and systems
based on UV radiation)
• Biological systems (plant systems as treatment
ponds, constructed wetlands, living walls)
Bio reactors (compact systems as activated
sludge systems, biorotors, aerobic and
anaerobic biofilters, submerged aerated filters,
biorolls.
In order to purify the potable water adequately,
several of these systems are usually combined to
work as a whole. Combination of the systems is
done in two to three stages, using a primary and
a secondary purification. Sometimes a tertiary
purification is also added.
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The potential ecological benefits
of greywater recycling:
• Less fresh water extraction from
rivers and local aquifers
• Lower impact from septic tank and
treatment plant infrastructure
• Topsoil nutrification
• Reduced energy use and chemical
pollution from treatment
• Groundwater recharge
• Increased plant growth
• Reclamation of nutrients
• Greater quality of surface and ground
water when preserved by the natural
purification in the top layers of soil than
generated water treatment processes
• Lower water usage
• Lower water costs

Some municipal sewage systems
recycle a certain amount of grey and
blackwater using a high standard of
treatment, providing reclaimed water for
irrigation and other uses.
Greywater typically breaks down
faster than blackwater and has lower
levels of nitrogen and phosphorous.
However, all greywater must be
assumed to have some blackwatertype components, including pathogens
of various sorts. Greywater should be
applied below the surface where possible
(e.g., via drip line on top of the soil,
under mulch; or in mulch-filled trenches)
and not sprayed, as there is a danger of
inhaling the water as an aerosol
(Stumpf, 2007).
In any greywater system, it is
essential to put nothing toxic down
the drain—no bleaches, bath salts,
artificial dyes, cleansers, and no products
containing boron (which is toxic to plants

at high levels). It is crucial to use all-natural,
biodegradable soaps whose ingredients do
not harm plants. Most powdered detergents,
and some liquid detergents, are sodiumbased, which can inhibit seed-germination
and destroy the structure of soils by
dispersing clay. Long-term research on
greywater use on soil has not yet been done
and it is possible that there may be negative
impacts on soil productivity.
In the U.S. Southwest where available
water supplies are limited, especially in view
of a rapidly growing population, a strong
imperative exists for adoption of alternative
water technologies. Using grey water
technologies in a prison facility would result
in lower water usage and costs and could
provide opportunities for sustainability
education for the prisoners.
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Low water urinals
The prison’s largest water cost is
from sewer needs and in an effort to
hypothetically save and re-use as much
water as possible, it’s important to consider
low water urinals. 5,000+ prisoners
contributing at least 2-3 flushes a day
results in expensive sewer/water costs. If
every flush used just a little bit less water
and maybe that water came from on-site
water treatment, the prison would quickly
save money on water costs from the City
and consume less CAP water.
According to a report published by the
United States Army regarding low water
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use urinals, The Energy Policy Act of 1992
mandated the use of “low flush” urinals
(which use no more than 1 gallon of water
per flush) to conserve water resources.
Newer technologies include “ultra lowflow” urinals, which use only 1⁄2 gallon per
flush are available, and—the most efficient
alternative—“waterless” urinals. Thousands
of waterless urinals are now in use in
commercial, Federal, and DOD facilities,
and save millions of gallons of water
annually.

Waterless urinals offer several economic,
operational, and environmental benefits
such as:
• They reduce water and sewer costs. 		
(Each unit can save up to 45,000 gal of
water and sewage per year.)
• They require no freeze protection.
• They lower electricity costs (to pump
water and sewage)
• They eliminate infrastructure costs to
provide fresh water or collect and treat
sewage
• They reduce septic system load and
treatment time
• They require no installation,
maintenance, or repair costs for flush
valves, handles, sensors, or water
supply piping
• They require no batteries,
transformers, or other electronics
• They are environmentally friendly

Initial installation cost and annual
reoccurring costs (LCC input) vary by
vendor, but in general, simple payback
time typically ranges between 1/2 and
3 years for new installation and retrofit
(Stumpf, 2007). In a site such as the
Wilmot DOC, where more than 65% of
their monthly water costs result from
sewer usage, low water urinals would be
an investment with a short return and a
high payback.
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Constructed Wetlands for
Wastewater Management
A part of this theoretical on-site wastewater
management plan is the element of the
constructed wetland. Here is an opportunity
to treat and re-use wastewater naturally
while contributing to the reclamation of the
environment and local wildlife.
Natural processes have always cleansed
water as it flowed through rivers, lakes,
streams, and wetlands. In the last several
decades, systems have been designed to use
some of these processes for water quality
improvement. Constructed wet parks, or
artificial wetlands, are often constructed for
land reclamation after mining, refineries,
or other ecological disturbances such as
required mitigation for natural wetlands
lost to a development (Hammer, 1989). It
incorporates new or restored habitat for
28

native and migratory wildlife, wastewater
management, storm water runoff, or sewage
treatment. Constructed wetlands are capable
of cleaning wastewater to a point of reuse.
This should be an inviting concept for a
large establishment that has lots of natural
room, a need for onsite water cleansing and
a mission for sustainability in the Southwest.

Constructed wetlands artificial wastewater
treatment systems consist of shallow
(usually less than 3 feet deep) ponds or
channels which have been planted with
aquatic plants, and rely upon natural
microbial, biological, physical and chemical
processes to treat wastewater. They typically
have impervious clay or synthetic liners,
and engineered structures to control the
flow direction, liquid detention time and
water level. Depending on the type of

system, they may or may not contain an
inert porous media such as rock, gravel or
sand. A constructed wetland consists of
a properly- designed basin that contains
water, a substrate, and, most commonly,
vascular plants. These components can be
manipulated when constructing a wetland.
Other important components of wetlands,
such as the communities of microbes and
aquatic invertebrates, develop naturally
(Hammer, 1989).
Emergent
Floating
Submerged

Vascular plants
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For some wastewaters, constructed wetlands
are the sole treatment; for others, they are
one component in a sequence of treatment
processes. One of the most common
applications of constructed wetlands has
been the treatment of primary or secondary
domestic sewage effluent (Brix, 1998). After
water has been cleansed through natural
wetlands, it can be safely reused. Water
directed through a grey water system can
arrive at the constructed wetland for natural
water treatment. That newly cleansed water
can now be re-used for irrigation purposes
or return into the grey water system to be
reused for sewer and laundry needs. Again,
it would be important to note that if this
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water cleansing system were applied at the
prison for edible irrigation purposes, there
would be no blackwater ever entering the
system. If blackwater were introduced,
then the cleansed water would be for
greywater sewage use only. A constructed
wetland requires little, if any, energy use
and equipment needs are minimal. A welldesigned wetland transfers water by gravity
through the system. If topography limits
the use of gravity, pumps will be necessary
which increases the cost of operation.
Once established, properly designed and
constructed wetlands are largely selfmaintaining, especially when pumps are
solar powered.

Environmentalists have referred to
wetlands as nature’s kidney and it is
said that “widespread use of constructed
wetlands may provide a relatively simple
and inexpensive solution for controlling
many water pollution problems facing
small communities, industries and
agricultural operations. “
(Campbell, 1999)

This treated water can now be reused within
the prison in a few ways. It can be used
for irrigation purposes, laundry and toilet
water. When this water system becomes
self-sustainable, there will be only a small
portion of potable water needed.
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In house food production
In-house food production should be considered for a sustainable-minded housing facility.
There is an opportunity to lower food costs for the prison if food can be grown locally.
There are also added benefits such as healthier food options, prison work as rehabilitation,
educational classes for prisoners and even sale or donation opportunities of extra food.

Urban agriculture
Urban agriculture, sustainable agriculture
or urban farming can all be briefly defined
as the growing of plants and the raising of
animals within and around cities. According
to Jennifer Cockrall-King, author of Food and
the City, urban agriculture may also take place
in locations inside the cities or in the suburban
areas. The activities may take place on the
homestead, or on land away from the residence,
on private, public land (parks, conservation
areas, along roads, streams and railways) and
also semi-public land (schoolyards, grounds of
schools and hospitals).
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Urban agriculture provides a natural
strategy to reduce urban poverty and
food insecurity and enhance urban
environmental management. It plays
an important role in enhancing urban
food security. The costs of supplying
and distributing food to urban areas
continues to increase, and do not satisfy
the demand, especially to the poorer
sectors of the population. Regarding

food security, urban agriculture contributes
to local economic development, poverty
alleviation and social inclusion of the urban
poor and women in particular, as well as to
the greening of the city and the productive
reuse of urban wastes. It seems the prison
system would work perfectly in the scheme
of how urban agriculture works and who it
benefits.
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What is interesting to note about urban
agriculture, which is discussed further in
Food in the City, what distinguishes it from
rural agriculture, is that it is integrated into
the urban economic fabric and ecological
system: urban agriculture is working and
interacting with- the urban ecosystem and
community. Such linkages include the use of
residents as laborers, the use of typical urban
resources (like organic waste as compost
and urban wastewater for irrigation),
and direct links with urban consumers,
and direct impacts on urban ecology. It’s
interesting to consider urban agriculture
for a prison system, however they truly are
a community of their own. In prison, there
really is no linkage to the local community
but nonetheless urban agriculture should
be a serious consideration when designing a
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sustainable-minded prison facility. Through
the many ingenious techniques of urban
agriculture there are many occasions for
a relationship with the community. It can
serve as a linkage between society and
the prison society in ways that can benefit
both sides of the bars. There have been
several examples of social impacts that have
initiated from urban agriculture projects
that involve disadvantaged groups such as
orphans, disabled people, women, recent
immigrants without jobs, or elderly people,
with the aim to integrate them more strongly
into the urban network and to provide them
with a decent livelihood. The participants in
the project feel enriched by the possibility
of working constructively, building their
community, working together and in
addition producing food and other products
for consumption and for sale.

Economic Studies on Food, Agriculture and the Environment, examines how
in more developed cities, urban agriculture may be undertaken for the physical
and/or psychological relaxation it provides, rather than for food production
per se. Also, how urban farms may take on an important role in providing
recreational opportunities for citizens (recreational routes, food buying and
meals on the farm, visiting facilities) or having educational functions (bringing
youth in contact with animals, teaching about ecology, etc.). These concepts
can be related to the prison as a community and it seems that these principles
apply effectively for the prison system and holds great potential for prisoner
rehabilitation and self-sustenance.

Originally urban agriculture was viewed as solely for subsistence purposes,
however the production of crops directly in the city has many additional
social, economic and ecological benefits. According to Food in the City,
when dissecting the urban agriculture movement, the following are some
categorized benefits:
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Social and economic benefits
• It has the potential to alleviate two
of the world’s most crucial problems:
poverty and waste. It can bring food
to people locally and can alleviate
much waste that comes with packaged
and shipped food. The contribution
of urban agriculture to urban cities
has the potential to provide economic
regeneration and stability to the
population. Also, organic urban
agriculture diverts nutrient rich waste
from landfills or export and returns it to
the land.
• It promotes sustainable development by
reducing the vulnerability of the world’s
urban populations to global ecological
change.
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• Reduction in crime has been noted when
gardening projects are implemented in
urban centers. Youth acquire self-esteem,
stay busy and feel useful when participating
in these programs.
• It enhances the recognition of women.
In Bogota, Columbia, a cooperative of
100+ low-income women grow hydroponic
vegetables on rooftops. The women’s
earnings amount to three times more than
what their husbands make in semi-skilled
jobs.
• It improves nutrition. Produce is fresher
and less damaged when grown and
distributed locally.
• It allows livestock production. The
livestock typically raised in cities include
poultry, birds, and smaller animals.

• It restores peoples’ connection to nature
by instilling a sense of stewardship and
pride within the farmer. This sense of
ownership and care for the land gives the
farmer a better appreciation of the land’s
natural processes. A sense of stewardship
also creates a feeling of community
between people, which can facilitate
further collective action on issues of local
importance.

• City farming improves the aesthetics of
the city by increasing the ‘green spaces’ in
an otherwise concrete landscape and also
provides recreational opportunities for those
who work the land.

37

Ecological Benefits for Ecosystem Services by
Urban Agriculture:
• It closes the nutrient loop. Domestic
organic waste can be composted and
processed into the soil for added nutrients
and soil structure.
• Urban gardening contributes to the
treatment of wastes.
• Planting increased numbers of gardens
in a city environment improves air quality
close to pollution sources.
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• It results in shorter travel distance
from producer to consumer. With less
transportation of produce, vehicles consume
less fuel and less protective packaging
is necessary for the produce. This has
financial, environmental and health benefits.
• Encourages the production of rare
varieties of fruits and vegetables. Urban
gardeners tend to cultivate a wider variety
of crops, conserving unique cultivars and
enhancing agricultural diversity.

• Urban gardens act as refuge for wildlife
such as soil organisms, wild plants, insects,
birds and amphibians thus increasing the
biodiversity within the city environment.
Rooftop gardens are known to attract
numerous species of birds and insects to a
space that would otherwise be void of any
life.

• The vegetation of urban gardens stabilizes
the soil within urban areas and prevents soil
erosion by wind and runoff. Further, urban
gardens contribute to the retention and
storage of storm runoff.
• Urban gardens play a role in climate
regulation through the absorption of green
house gases.

During the current economic hardships, the opportunity to grow food to support one’s
family would be ideal. Not only would it be cheaper for the family to grow but we must
also consider the lengths food travels to end up in our homes which results in financial
and environmental costs, not to mention the water usage in an arid region. To be
sustainable we must explore creative agricultural solutions where farming has mixed
with engineering to develop innovative ideas for urban farming in limited spaces and
challenging environments

In accordance with UofA Master Gardener Deb North, listed in the appendices, is the
list of edibles varieties by season that will grow the best and feed the most in the Tucson
environment:
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Aquaponics
The term “blue revolution” refers to the
remarkable emergence of aquaculture and
aquaponics as an important and highly
productive agricultural activity. As the
world’s population continues to grow at
an extreme rate, our natural resources
continue to dwindle and we cannot expect
to catch more food from the sea. So the
world must turn to farming the waters
and not just hunting them and rapidly
accelerate this ‘blue revolution’ (CostaPierce,2005). As urban populations grow,
and the demand for aquatic foods increases
proportionately, the income-producing
potential of integrated wastewater
aquaculture/agriculture ecosystems will
increase similarly. Urban aquaculture
can be viewed as an agro industry: an
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enterprise that processes agricultural
inputs into consumable products while
adding value (Costa-Pierce, 2005). These
techniques are now being implemented in
more urban settings as more and more are
becoming interested in growing locally.
Aquaponics is a water-saving, foodproducing system that has emerged as a
hybrid of hydroponics and aquaculture
and shows much promise in areas like
the Southwest where there is a shortage
of water. By seeking a solution through
bio-mimicry techniques and observing
nature, scientists found the solution in
polyculture. By intertwining the fish culture
and the plant culture through a man-made
recreation of natural wetlands system,
aquaponics was born (Bernstein, 2011).

Aquaponics, also known as aquafarming, is the farming of aquatic organisms along with
the cultivation of hydroponically grown food. It is an ingenious mix between hydroponics,
which grows plants in water and aquaculture, which is the cultivation of aquatic
organisms. The plants and fish in this system have a symbiotic relationship which means
they depend on each other for survival. The fish produce waste that provides nutrients
for the plants, and in turn the plants clean the water for the fish. This healthy relationship
results in a productive growing environment that will produce vegetables as well as fish for
consumption year round. This type of recirculating aquaponic system reduces or eliminates
the need for antibiotics and chemicals to control disease in captive fish populations. It also
drastically cuts water loss and pollution while producing at least two crops simultaneously.
(FishFarm). It is an environmentally friendly, natural food-growing method that harnesses
the best attributes of aquaculture and hydroponics without the need to discard any water
or filtrate or add chemical fertilizer (Fitzsimmons, 2011).
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In an aquaponic system, the fish are housed and fed in an appropriate tank and the water
is circulated to growing areas for a diverse crop of vegetables, herbs, flowers and other
plants. The plants, helped by beneficial bacteria, effectively clean the water by utilizing
the nutrients excreted by the fish and the clean water is then recirculated back to the
fish tank. Very little land area, water or electricity is required to operate an aquaponics
system and the power that is needed and used can certainly be supplied through solar
power techniques. Aquaponics is an ecosystem of plants, fish, bacteria and worms. What
sets it apart from hydroponics and aquaculture is its self-sustainability in the way that this
system utilizes natural bacterial cycles to convert fish waste to plant nutrients. Without
the nitrifying bacteria that convert fish waste into plant food, the fish would soon die in
their own waste and the plants would starve for lack of nutrition (Bernstein, 2011).
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In the past, aquaponics excited
aquaculturists – as they explored recovering
waste nutrients and producing a valuable
by product. However hydroponic producers
were not interested. But now, hydroponic
producers are becoming excited because
aquaponics represents an organic source
of nutrients and aquaponic vegetables are
proving to taste better than hydroponic
vegetables. The world is running out
of nutrients and water, and aquaponics
recycles nutrients and reuses and conserves

water. Aquaponic systems are extremely
productive; they can produce up to 200,000
pounds per acre and use less than a tenth
the amount of water a comparable soil-based
garden uses (Bernstein, 2011). Modern
agricultural methods waste an extreme
amount of water and can potentially
contaminate soil with chemicals and
pesticides, whereas aquaponics uses a closed
recirculating system, where the water is
constantly being cleansed and utilized.
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There are several types of systems that
aquaponics may handle depending on
output needs. Most commonly used are the
CHIFT PIST, which stands for “constant
height in fish tank, pump in sump tank”,
referring to the system’s design, as well
as the Raft Method also known as Deep
Water Culture and Barrelponics.
Most commonly used is the CHIFT
PIST system or variations of it, which is
an extension of a simple flood and drain
design but with added features for more
grow room. The sump tank must reside
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below the grow beds and has a float switch
that activates the pump when a certain
water level hits. When this happens the
pump turns on again and keeps the water
level in the grow beds as well as the fish
tank level and constant. This is important
so the PH levels are constant and there is
no strain of the fish. Although this method
is the best for the fish, one disadvantage to
this system is that the grow beds must be
perfectly level in order to drain evenly into
the sump tank.

Barrelponics is a relatively simple and easy way to get a smaller system started. This
type of system was created by American, Travis Hughey in 2003 with his sights set on
making cheap systems out of recycled materials for third world countries. He wrote
“The Barrelponics Manual” in 2005 and has since made it a free download from his
internationally known website. He is a leader in the aquaponics movement. His system
consists of three primary components, each constructed from barrels: the flood tanks, the
grow beds and the fish tank. Water from the fish tank is pumped into the flow tank, which
is filled with nutrient rich water. This water seeps into the grow beds and that overfill
water which has been cleansed by the plants, flows back into the fish tank. This system
works well however is limited in its size and output. This size system would work well in a
residential setting.
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The Raft Method, also known as Deep Water Culture is a hydroponic method of
plant production by suspending the plant roots in nutrient-rich, oxygenated water.
Traditional methods use plastic buckets with the plant contained in a net pot suspended
from the center of the lid and the roots suspended in the nutrient solution. An air pump
oxygenates the nutrient solution; and if sufficiently oxygenated, the plant roots can
remain submerged indefinitely. Once the plants are ready to flower, the level of the
nutrient solution is gradually reduced to expose the roots to the air. Plants absorb much
more oxygen directly from the air than from the oxygen dissolved in water. Deep Water
Culture allows plant roots to absorb large quantities of oxygen while also allowing
the uptake of nutrients. This leads to rapid growth throughout the life of the plant
(Bernstein, 2011). This type of system has a high yield however requires a lot of space.
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Aquaponics is uniquely suited to urban
environments. Tanks can be as large
or small as farmers have space for, and
neighborhood aquaponics systems aren’t
difficult to set up in vacant lots, warehouses
or community areas. Aquaponics systems
are affordable to build and don’t require a
lot of expensive maintenance or chemicals.
Once it’s in place, each system is a clean,
healthy and local food source that reduces
the need for harmful chemicals while also
scaling back the emissions that result

when fish are transported hundreds or even
thousands of miles before being consumed
(FishFarm).
There are also opportunities for the
production of by-products as well as the
main deliverables from these aquaponic
systems. For example, Brazil has developed
a leather trade based on tilapia skins. Belts,
purses, wallets, and briefcases are the most
popular items produced from the skins.
Maybe these prisoners can have a career in
fashion design someday.
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COMPOSTING
Almost 30% of all refuse taken to our landfills is some type of organic waste and these
materials do not decompose in the landfills because air and water, which are necessary
for healthy decomposition, are excluded. Composting is the transformation of organic
material (plant matter) through decomposition into a soil-like material called compost.
Composting is a natural form of recycling. This natural decomposition can be encouraged
and replicated by creating ideal conditions. We can create a quality soil conditioner while
helping our community in its waste reduction efforts by reusing our waste. Compost,
when added to soil, retains water, adds valuable nutrients, and neutralizes the alkalinity of
desert soils (compost.org 2010).
due to the lack of oxygen. As it decomposes,
Anything that was once a plant can be
it produces methane gas and acidic
composted. Yard and food wastes make up
leachate, which are both environmental
approximately 30% of the waste stream in
the United States. Composting most of these problems. Landfilling organic wastes also
takes up landfill space needed for other
waste streams would reduce the amount of
waste requiring disposal by almost one fourth wastes. Incinerating moist organic waste is
inefficient and results in poor combustion,
(compost.org, 2010). The standard means
of disposal for most yard and food waste are which disrupts the energy generation of
landfilling and incineration. These practices the facility and increases the pollutants that
need to be removed by the pollution-control
are absolutely not as environmentally or
devices. Composting these wastes is a more
economically sensitive as composting. Yard
effective and usually less expensive means of
waste in landfills breaks down very slowly
managing organic wastes.
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The decomposition process is fueled by
millions of microscopic organisms (bacteria,
fungi) that live inside the compost pile,
continuously devouring and recycling it
to produce a rich organic fertilizer and
valuable soil additive. Compost results
from the natural decomposition process
that turns the nutrients from once-living
materials into humus, which is the rich,
organic component of soil. All organic
matter is made up of substantial amounts of
carbon (C) combined with lesser amounts
of nitrogen (N). The balance of these
two elements in an organism is called the
carbon-to-nitrogen ratio (C:N ratio). For
best performance and output, the compost

pile requires the correct proportion of
carbon for energy and nitrogen for protein
production. If the C:N ratio is too high
(excess carbon), decomposition slows
down. If the C:N ratio is too low (excess
nitrogen) you will end up with a stinky pile.
Composting is a dynamic process, which can
occur quickly or slowly. A neglected pile of
organic waste will inevitably decompose, but
slowly. This has been referred to as “passive
composting,” because little maintenance
is performed. Fast or “active” composting
can be completed in two to six weeks. This
method requires three key activities; 1)
“aeration,” by turning the compost pile,
2) moisture, and 3) the proper carbon to
nitrogen (C:N) ratio (deq.pima.gov).
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All organic material will eventually decompose. The speed at which it decomposes depends
on these factors:

Carbon-to-Nitrogen Ratios

Carbon and nitrogen are the two fundamental elements in composting, and their ratio
(C:N) is crucial. The bacteria and fungi in compost digest or “oxidize” carbon as an energy
source and ingest nitrogen for protein synthesis. Carbon can be considered the “food” and
nitrogen the digestive enzymes.
The bulk of the organic matter should be carbon with just enough nitrogen to aid the
decomposition process. The ratio should be roughly 30 parts carbon to 1 part nitrogen
(30:1) by weight. Adding 3-4 pounds of nitrogen material for every 100 pounds of carbon
should be satisfactory for efficient and rapid composting. The composting process slows if
there is not enough nitrogen, and too much nitrogen may cause the generation of ammonia
gas, which can create unpleasant odors. Leaves are a good source of carbon; fresh grass,
manures and blood meal are sources of nitrogen (deq.pima.gov).
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Surface Area

Decomposition by microorganisms in the compost pile takes place when the particle
surfaces are in contact with air. Increasing the surface area of the material to be
composted can be done by chopping, shredding, mowing, or breaking up the material.
The increased surface area means that the microorganisms are able to digest more
material, multiply more quickly, and generate more heat. It is not necessary to increase
the surface area when composting, but doing so speeds up the process. Insects and
earthworms also break down materials into smaller particles that bacteria and fungi can
digest (deq.pima.gov).

Aeration

The decomposition occurring in the compost pile takes up all the available oxygen.
Aeration is the replacement of oxygen to the center of the compost pile where it is
lacking. Efficient decomposition can only occur if sufficient oxygen is present. This is
called aerobic decomposition. It can happen naturally by wind, or when air warmed
by the compost process rises through the pile and causes fresh air to be drawn in from
the surroundings. Composting systems or structures should incorporate adequate
ventilation.   Turning the compost pile is an effective means of adding oxygen and brings
newly added material into contact with microbes. It can be done with a pitchfork or
a shovel, or a special tool called an “aerator,” designed specifically for that purpose.
If the compost pile is not aerated, it may produce an odor symptomatic of anaerobic
decomposition. Luckily, the prison has many available laborers (deq.pima.gov).
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Moisture

Microorganisms can only use organic molecules if they are dissolved in water, so the
compost pile should have a moisture content of 40-60 percent. If the moisture content falls
below 40 percent the microbial activity will slow down or become dormant. If the moisture
content exceeds 60 percent, aeration is hindered, nutrients are leached out, decomposition
slows, and the odor from anaerobic decomposition is emitted. The “squeeze test” is a good
way to determine the moisture content of the composting materials. Squeezing a handful of
material should have the moisture content of a well-wrung sponge. A pile that is too wet can
be turned or can be corrected by adding dry materials (deq.pima.gov).

Temperature

Microorganisms generate heat as they decompose organic material. A compost pile with
temperatures between 90°F and 140°F (32-60°C) is composting efficiently. Temperatures
higher than 140°F (60°C) inhibit the activity of many of the most important and active
organisms in the pile. Given the high temperatures required for rapid composting, the
process will inevitably slow during the winter months in cold climates. Compost piles often
steam in cold weather. Some microorganisms like cool temperatures and will continue the
decomposition process, though at a slower pace (deq.pima.gov).
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The most obvious environmental benefit is
that composting can significantly reduce
the amount of solid waste that would
otherwise find its way into the trash
collection and dumping cycle. Clearly, the
more we compost, the less we contribute to
the cost of trash removal and the volume
of solid materials in landfills. Composting
is an excellent way to avoid both wasting
useful, natural resources and creating
environmental problems, while at the
same time producing a high quality and
inexpensive soil amendment that works
wonders in the desert.

There are a few opportunities to take
advantage of composting at the Wilmot
D.O.C. prison. There is more than enough
waste accumulated at the prison on a
daily basis to truly produce a significant
amount of regenerated soil. This soil can
either be used for agricultural purposes at
the prison, it could be sold or it could be
donated to community gardens, schools or
parks. The Agricultural opportunities at
the Wilmot D.O.C. promote sustainability
and also bring forth many educational
and rehabilitation opportunities for the
prisoners.
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Prisoner rehabilitation

Prisoner rehabilitation should be a goal of any prison system. Often times, the
rehabilitation part of it gets lost among the chaos of prison life. There is always a need for
rehabilitation programs to teach valuable skills to prisoners in preparation for their release
or to accept a life behind bars. These sustainable techniques offer many opportunities not
only for financial or environmental purposes but for the sake of the prisoners at hand.
Through these practices, prisoners can be treated as a resource and be a part of something
valuable and positive which can be very rewarding and inspiring for them. There are
several opportunities for prisoner rehabilitation related to the sustainable prison practices
this Master’s Report is trying to implement. In this portion of the literature review, we will
focus on Horticultural Therapy and Animal Therapy as tools for prisoner rehabilitation,
enrichment and development encouraged by sustainable practices.

Horticultural therapy
Horticultural therapy capitalizes on the many
special benefits of using plants to help people grow,
learn and heal. Horticultural Therapy has been
defined as “the use of plants and gardens for human
healing and rehabilitation”(AHTA.org). It is an
ancient practice, but a rather new profession. It
involves the use of professionally directed planting,
gardening, and nature activities for the purpose of
restoring the physical and mental health.
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An increasingly large body of research
attests to the unique values of horticulture
as a therapy for people with physical,
mental, emotional, and social disabilities.
As plants are non-discriminating
and non-threatening, anyone can be
successful. It doesn’t matter how old
or intelligent a person is; their race,
religion, or IQ, plants will respond to
anyone providing care. Studies show
that success with plants can lead to
successes in other aspects of our lives.
This is important for individuals whose
disabilities or limitations might hinder
their accomplishments in other pursuits.
This applies directly to how a prisoner
may relate and benefit from this type of
therapy. There is a special connection
between people and plants that increases
our sense of well being. Horticultural
therapy maintains or improves physical
health by providing a wide range of

opportunities for exercising, increasing
flexibility, improving coordination and
balance, and building physical strength
while connecting with nature. Multiple
studies have demonstrated that physiological
indicators such as respiration, pulse, and
blood pressure respond positively to plants.
Horticultural therapy elicits positive
psychological and emotional responses by
providing a non-threatening atmosphere,
alleviating depression, and helping people
connect with nature.
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Research studies confirm these and many
other psychosocial benefits when people
interact with plants and nature
(AHTA.org). People have a natural drive to
be in nature. With so many people living in
dense urban environments, that connection
to nature gets lost and is even becoming
rare. Horticultural Therapy is a tool in
rehabilitation and can be very advantageous
in a community such as a prison where
people there need this type of therapy and
inspiration, as they are far removed from
the natural world. Within the corrections
industry these programs also introduce the
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most important component, the opportunity
to obtain the skills to accomplish goals, and
an opportunity to participate in society in
a new positive way. It seems only logical if
an in-house agriculture program were to
be implemented, that the prisoners be the
ones to maintain the program. Not only does
this include education and training for the
prisoners, which makes them a resource
after release, and not only it is free labor for
the prison but the it is the connection with
nature that the prisoners psychologically
need that makes this idea very valuable.

CASE STUDIES
For this Master’s Report, reviews of similar projects were researched as a method
for design guidance. Efforts were made to find innovative sustainable accomplishments
at various institutions and relay that information to the project. Specifically, research
was focused on types of sustainable technologies being implemented and their possible
resource savings and benefits. It was relevant to research examples that were applicable
to the environment similar to the prison and to determine what worked in these cases and
what is not appropriate for the Wilmot D.O.C.
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COLORADO CORRECTIONAL INDUSTRIES,
COLORADO
Colorado Correctional Industries, known
as CCI is a state-wide run program. It
hosts more than 8,000 inmates among 13
correctional facilities, nine state and four
federal that make up this expansive complex
scattered among the state.
Its forward-thinking goals include:
- To reduce inmate idleness and the demand
for general-funded programs
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- Work as many inmates as possible in selfsupporting and productive industries
- Train inmates in meaningful skills,
work ethics and quality standards, which
better enable them to secure long-term
employment after release from prison
- Operate in a business-like manner so
that enough revenues are realized each
year by the Division to meet the ongoing
capital equipment, working inventories and
operating cash needs of the Division (CCI).

Among programs that are inmate-run at
CCI include:
- Green house food production
- Tilapia farming
-Raising cows and goats for milk,(this milk
is used to supply the prison’s needs and
produce revenue)
-Training dogs and other service animals for
adoption
-Training wild mustangs to be sold at
auction
- Growing of flowers and other ornamentals
for sale

- Building furniture for government offices
- Building custom fishing rods
- Removing road kill
All these activities help sustain the
prison’s needs as well as produce revenue
for the prison. CCI receives no tax dollars
but the entire operation has generated up
to $57 million in annual revenues, which
benefits the state economically. Every
inmate that works here saves taxpayers
$5,000 a year (governing.com). CCI reduces
the costs placed on Colorado taxpayers by
$9,000,000 annually (CCI).
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Wages earned by inmates are subject to
federal and state taxes, deduction for costs
of incarceration, victim compensation
deduction, family support and a mandatory
savings program. Since 1995, more than onehalf million dollars has been paid in victims’
restitution and assistance by participating
inmates (CCI).
There has been opposition to the topic of free
prison labor. Regarding this topic, Director
of the Colorado Correctional Industries
(CCI), Steve Smith responds that “The idea
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to put prisoners to work has been around
for decades. In the 1950’s, chain gangs in
the South built roads and broke rocks as a
form of punishment. But now, with states
drowning in budget deficits, prison labor
has become more valuable than ever. In the
face of falling tax revenue and fading federal
financing, officials are finding creative ways
to utilize inmate labor” (governing.com).
Cheap prison labor, supporters say, helps
offset the high costs of incarceration and
prepares inmates for real-world jobs.

What’s notable about this complex is its
real-world skill building incentive as well
as its revenue earnings. They treat the
prison as a business and the prisoners are
employees earning wages as well as gaining
self-esteem and job skills for the future.
This type of complex gives the prisoners
purpose being utilized for work. This type
of environment is much more conducive
to rehabilitation than a traditional prison
system and helps to prepare the inmates
for a healthy life after release. Design
implications from this complex for Wilmot
D.O.C. include, agriculture, aquaponics and
composting systems.
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ASPC LEWIS COMPLEX, BUCKEYE, AZ
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The ASPC Lewis Complex, similar to
CCI, is more like a city than a prison. It
is one of the largest single correctional
facility construction endeavors in the
United States. The prison, costing $157
million, includes two 800-bed level 3
male units, two 800-bed level 4 male
units, one 600-bed female unit, and one
350-bed maximum-security minors unit,
with a total inmate population of 4,150.
The complex contains 294 acres inside
the perimeter patrol road. This acreage
supports 23 miles of road, 22 miles of
fence, 44 acres of agriculture fields and
six 24-acre stand alone prison facilities
(az.gov). This site also supports its own
wells, water and wastewater treatment
plants. The sewage treatment plant was
designed to process 750,000 gallons of raw

sewage per day. The brine pond is one-half
mile long, and holds 60 million gallons of
liquid. The complex hosts six kitchens that
can produce 12,450 inmate meals per day
and a laundry capable of washing 53,000
pounds of clothes and linen each week. It
has its own fire station and its own health
facility that provides a pharmacy, hospital,
laboratory, x-ray facility, nurses, dentists
and psychologists (az.gov). A telemedicine
program implemented by the ADC in 1997
is being utilized in the medical unit at Lewis.
This program has reduced the number of
inmates moved from prison sites to health
care service centers, thus reducing the
possibility of escapes by inmates while being
transported (az.gov). Also importantly,
it has reduced the physical presence of
inmates in the general civilian population at
hospital-based clinics.
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ASPC-Lewis Touch is also ahead of the game in its safety technology. Touch-screen
computers are used to electronically open cell doors and record the movement of inmates
within the facility, reducing the need for officers to do manual logging. Water control
devices have been installed to prevent inmates from over flushing toilets and causing
floor flooding. New structural designs were implemented, allowing fewer staff to monitor
more inmates than ever before. The realized savings will be $2.7 million annually. It is all
centrally controlled and is operational even when computers are down.

Lewis Complex also considered the
environment, and what could be done
to enhance the area surrounding the
prison site. The concept of a wetland on
each side of the highway was suggested
and later approved by the Bureau of
Land Management for the restoration
and ecological enhancement of the
site. Open water areas will constitute
approximately 15 acres, and ideally have
depths of 4 feet to preclude emergent
vegetation. These areas would provide
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sufficient landing and take off surface for
waterfowl. The wetland habitat will include
emergent vegetable borders providing cover
and habitat for a wide variety of wildlife and
insects. Cottonwood and willow trees will
be planted to act as a buffer zone to adjacent
wetlands and provide habitat diversity. A
water hole will also be created to benefit
wildlife and to discourage the movement of
larger animals in search of water to cross
the highway (az.gov).

Substantial savings in construction come from the use of inmate labor in construction
of part of each facility. An analysis by the Arizona Department of Administration has
concluded that the Inmate Construction Program has saved taxpayers 20% of the cost
of private contract labor. Staff management has also improved by using inmate labor
to tend to 22-acre vegetable and fruit gardens for prison consumption within the secure
perimeter (az.gov).
The designers of this complex had the foresight to have a wastewater treatment plant
onsite. They took into account the large amount of sewage that would be treated daily
and how it can will be cleansed and reused. Its reuse throughout the site is efficient and
appropriate for the arid climate it is located in. All possible ways to reuse water should
be considered during the Wilmot D.O.C. retrofit.
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SIDWELL FRIENDS MIDDLE SCHOOL,
WASHINGTON D.C.
In September 2006, the Sidwell Friends Middle School faculty and students returned
to a newly renovated building with an addition that almost doubled the size of the
original 50-year-old building. Since then, the LEED Platinum building has attracted
more than 10,000 visitors to see the innovative green technologies in action (sidwell.
edu). Through a team of designers and engineers, several innovative green techniques
were implemented including:
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An Energy Efficient Building
This new building uses 60% less energy through energy efficiency and passive solar
design, including ventilating and shading naturally to reduce air conditioning load. The
building is also equipped with lights that have both occupancy sensors and photosensors
that only activate when necessary. The roof also has a solar power array that generates
5% of the building’s electrical load (sidwell.edu).
Green Roof
As storm water passes through the green roof, pollutants are removed, creating cleaner
water for reuse or overflow discharge into municipal storm drains. Birds, insects, and
other small creatures make their home on the roof. Plants take in carbon dioxide and
release oxygen into the atmosphere. The roof also reduces the “urban heat island effect”.
The cool roof keeps the building from heating up, reducing demand for air conditioning
(sidwell.edu).
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Natural Ventilation

If windows are opened in certain classrooms, central heating and air conditioning systems
in those rooms shut down and are replaced with a system to enhance natural ventilation.
Assisted by solar chimneys, which heat and draw air through vertical shafts in the building,
hot air rises through convection and is exhausted above the building roof. Wind chimes in
the air shafts allow students to hear air moving through the vertical shafts (sidwell.edu).

Water Efficient Landscaping

Using plant species that are drought resistant and able to thrive naturally in that area
eliminates the need to irrigate, saving water and energy. Planting native species and noninvasive adaptive plant varieties preserves local biodiversity and reintroducing natural
pathways through the campus allows birds and other animals to move between the
neighboring watersheds of Rock Creek Park to Glover-Archbold Park (sidwell.edu).

Health and Productivity

The optimal use of daylight in classrooms is thought to enhance the health, happiness, and
ability of students to concentrate and learn. Sidwell Friends School is participating in a
study of green buildings to confirm these findings. Also, they only use low-VOC (volatile
organic compounds) paints, glues, and adhesives to improve air quality at the school.
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Constructed Wetland

No doubt Sidwell’s main attraction in green
technology is the constructed wetlands.
After first flowing through a treatment tank
to remove solids, wastewater is treated
using biological processes. Aquatic plants,
water, microorganisms, sun, soil, sand,
and air naturally filter and clean the water.
The process is completed with additional
filtration of particulates and an ultra violet
(UV) filter. The constructed wetland
behind the Middle School building treats
wastewater to the same standards as the
city’s municipal system but due to current
health codes, the water is reused only in
the toilets and urinals. Models show that
the building uses 93% less District water
by treating our sewage in the wetland and
reusing the water, as well as through waterefficient landscaping. This wastewater
management system cleans 3,000 gallons of
water per day. After circulating through the
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landscape for three to five days, the water
is re-used in the building’s toilets and
cooling tower. This system also provides
many educational opportunities for the
students as they perform water tests and
learn hands-on about water harvesting,
reuse and other green technologies that
they are exposed to there.
Almost everything about this retrofit
is green and has proved successful at
conserving resources and providing
educational opportunities. This project
is inspires wastewater management and
reuse. Wastewater is cleaned onsite and
reused on site where appropriate. This
type if system would work well at the
Wilmot DOC prison where they spend up
to $100, 000 monthly on water for sewer
related costs. If water can be recycled and
reused onsite, the need and costs for water
drop substantially.

ORLEANS PARISH PRISON, NEW ORLEANS, LA
Orleans Parish Sheriff Charles C. Foti, who
conceived the prison fish farm and has been the
driving force in its implementation explains the
Orleans Parish got into the fish-farming business
due to an expanding inmate population and
rising operational costs. A staggering 7 million
meals are served annually at the prison at a
cost of $9 million. “We had to start thinking
creatively,” Foti said of the budget dilemma,

“and one area we looked at was how
to lower food costs.”. Fate brought
Foti and aquaculture together in
1998, when he attended a criminal
justice conference in Florida, USA.
Coincidentally, the U.S. chapter of the
World Aquaculture Society (WAS)
was holding its annual meeting at
the same hotel the justice conference
used. Foti’s personal curiosity in
aquaculture drew him to the WAS
exhibits, and it wasn’t long before he
was talking to industry leaders and
experts, a number of whom were
from his home state of Louisiana. It
was here that he learned about tilapia
farming and got the idea for building
a farm at the Orleans Parish Prison
(globalaquaculture, 2003).
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This large facility, located just blocks from the Superdome in downtown New
Orleans, hosts approximately 7,000 inmates, making it one of the ten largest jails in
the United States and this urban facility annually produces 81 metric tons of tilapia.
The fish farm facility uses water from the New Orleans municipal system. Mindful of
conservation and Louisiana laws regulating discharge, it is designed as a green-water,
100% recirculating system using bead filter technology. The 150 l/day discharge is used
to provide nutrients to the hydroponic vegetable system associated with the project.
It takes six to seven months from hatchery to harvest to produce 450- to 680-g fish.
Raceways are harvested daily on a rotating basis with seine nets to capture the larger
fish, which are then graded. Production totals approximately 68 kg/day. The fish are
filleted daily by inmates and frozen in the prison’s new blast freezer. Now that the
project is established and with no ongoing labor costs, the farm produces tilapia at onethird of the market price, or about U.S. $1.50/kg of fish. This translates into a welcome
savings of approximately U.S. $80,000/year(globalaquaculture, 2003).
Project Director Sgt. Wayne Watzke , who has managed this project since
inception, explains that there are 10 to 20 inmates that operate the entire project
from stocking through processing. Theirs are very coveted positions that are assigned
through a competitive selection system open only to inmates convicted of nonviolent
crimes. Their tasks include cleaning tanks and greenhouses, feeding and monitoring
the fish, harvesting, grading, filleting, and freezing. “The inmates become very
knowledgeable in fish farming and processing,” said Watzke, who trains and supervises
all project personnel. “These are valuable skills they can use when they are released.”
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The prison has also been experimenting with a hydroponics system for growing food
as well. “We currently supply the kitchen with 500 heads of lettuce a week,” Watzke said.
The project has the potential to increase to 2,900 heads when it moves into full production.
Tomatoes and cucumbers are also being grown, as well as the herbs mint and basil, and
cutting flowers. Construction is in full swing on a new addition, which will enlarge the
existing facility by 50%. It will also have the added distinction of providing pure water
from its own well. Tilapia will be raised in two of the enclosures, increasing current
production by 10%. The rest of the facility will be devoted to hydroponically producing
large amounts of vegetables, including okra, tomatoes, and cucumbers (globalaquaculture,
2003).
Orleans Parish prison also gives back to the community and is always willing to donate to
charity and other causes in the community, such as the annual March of Dimes fish fry in
New Orleans. This is a great example of a prison being resourceful and improving their
situation through innovative green technologies. The innovative in-house food production
techniques applied here are to be incorporated in this Master’s Report.
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THE LIVING LABORATORY, DISNEY EPCOT
CENTER, LAKE BUENA VISTA, FL
The Epcot Center is one of the four theme
parks within Walt Disney’s World Resort
in Florida. The Epcot Center stands for
Experimental Prototype Community of
Tomorrow, a Utopian city of the future
planned by Walt Disney. The Epcot Center
is dedicated to the celebration of human
achievement, technological innovation and
international culture, and is often referred
to as a “Permanent World’s Fair”. In 2011,
the park hosted approximately 10.83 million
guests, making it the third most visited
theme park in the United States, and sixth
most visited theme park in the world (wiki).
Within The Epcot Center is a six-acre
area named “The Land” which is part of
Future World and is dedicated to exploring
innovative aspects and applications of
technology. It explores how humans can
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both use the land for their benefit, and how
they can also destroy it. There are several
innovative technologies here at work at
The Land in section called “The Living
Laboratory”.

There are five distinct areas of The Living Laboratory:

Tropics Greenhouse

This greenhouse features crops from the tropical areas of the world, including both
familiar and exotic foods. Plants include banana, cacao, jackfruit, peach palm, dragonfruit,
vanilla, cleome, pineapple, java apple and papaya

Aquacell

This action focuses on aquaculture, or “fish farming.” It includes several high-density
tanks and a few low-density display tanks and tubes. Animals being farmed and harvested
include Tilapia, Sturgeon, Catfish, Bass, American Alligator, and shrimp. Fish harvested
from the Aquacell are served in the restaurants and cafeterias among Epcot.

Temperate Greenhouse

(Formerly the Desert Greenhouse) – This is a greenhouse featuring crops from
temperate climates. Currently, the Temperate house showcases large-sized crops, such
as Prizewinner and Atlantic Giant pumpkins, winter melon, pomelo, and “Nine-pound
Lemon.” Other crops include sunflower, beets, turnip, cotton, millet and cassabanana.
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String Greenhouse

(Formerly the Production Greenhouse)This greenhouse focuses on innovative
high-density techniques, such as Nutrient
film technique. It also shows off “vertical
growing techniques”, in which plants are
grown on specialized trellises, which cause
the herbaceous plants to approximate the
shape and structure of trees. One of the
most famous examples of these trees is The
Land’s “tomato tree”, which produced over
32,000 tomatoes in a 16-month period.
It was recognized by Guinness World
Records as both the largest and most
productive tomato plant in the world. Other
crops include eggplant, peppers, winged
bean, lettuce and snake gourd. Much of the
produce grown in the String Greenhouse is
used in restaurants in The Land pavilion. In
total, over 30 tons of produce are harvested
from The Land each year(Kurtti, 1996.)
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Creative Greenhouse

The final greenhouse in the attraction shows
some unusual ideas about the future of
agriculture. Most of the plants in Creative
House are grown via Aeroponics, in which
a fine mist of water and nutrients is sprayed
directly onto the roots of the plants. The
roots dangle freely in the air, and are not
hindered by any growing medium. Some
of the plants’ roots in Creative House
are enclosed within rotating columns
and A-frame structures, while others are
completely exposed to the open air, at least
temporarily. Creative House also features
a small exhibit of NASA hydroponic
growing units, which were developed for

use on extended-length space journeys.
Crops include tomato, squash, lettuce, basil,
rosemary, cabbage, super-dwarf wheat,
swiss chard, marigold and snapdragon. Walt
Disney World’s experimental horticultural
program is an effort in conjunction with a
number of U.S. Federal agencies to research
and develop major food crops with the
intention of increasing plant yield, efficiency
and nutritional value. They are also
experimenting with cloning plants for faster
maturation and are developing new species
of food crops. Beneficial insects are also
in use in these research facilities (Kurtti,
1996).

This case review is very much in line with the proposal for the Wilmot
D.O.C. prison. It incorporates new technologies for food production to
be consumed onsite.
77

SUSTAINABLE PRISONS PROJECT (SPP),
WA
The Sustainable Prisons Project (SPP) was
a partnership that was started between the
Washington Department of Corrections
(DOC) and Evergreen State College
in 2004. It was designed to enhance the
sustainability of its prisons by conserving
energy and water, limiting and recycling
waste and constructing green facilities. Its
mission was to bring science and nature
into prisons, to conduct ecological research
and conserve biodiversity by forging
collaborations with scientists, inmates,
prison staff, students, and community
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partners. Equally important was to
reduce the environmental, economic, and
human costs of prisons by inspiring and
informing sustainable practices (SPP).
These efforts led to the establishment of
the Sustainable Prisons Project (SPP) in
July 2008, which focuses on four prisons:
Cedar Creek, Mission Creek Correction
Center for Women, Stafford Creek, and the
Washington Corrections Center for Women.
These facilities represent a broad spectrum
of population size, gender, security level,
and infrastructure.
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CEDAR CREEK CORRECTIONAL CENTER,
LITTLE ROCK, WA
480 OFFENDERS
SPP started at Cedar Creek with
experimental moss cultivation for
horticultural trade and now hosts:
- A greenhouse and garden with food
production peaking at roughly 15,000
lbs. annually, saving the prison more
than $17,000 per year on healthy, organic
vegetables.
- Low-tech food composting (including
worm culture) to support on-site gardening
and landscaping. More than 2,000 pounds
of food waste are diverted from landfills
each month, saving the prison more than
$3,000 annually.
- Recycling: More than 2,000 lbs. of paper
and 4,300 lbs. of cardboard are diverted
from landfills each month, yielding an
annual savings of $12,000.
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- Beekeeping: Honey offers a tasty addition
to the dining hall, and beeswax supports the
on-site production of hand lotion.
- Water catchment tanks and native
landscaping: Water-wise, local plants help
support a broad array of migratory birds
and pollinators such as butterflies.
- Animal Training and adoption programs,
including service animals. The animals are
trained onsite so they are more attractive to
potential adopters. Prisoners will also travel
to animal shelters to clean them.

81

MISSION CREEK CORRECTIONAL CENTER FOR
WOMEN, BELFAIR, WA
305 OFFENDERS
Because this complex is smaller, minimum custody level, and women only there is a focused
effort towards rehabilitation, life training and relapse prevention programs. Programs here
include:
- Alcoholics Anonymous
- Narcotics Anonymous
- Celebrate Recovery
- Partners in Parenting
- Transition to Life
- Read to Me Mommy
- Healthy Relationships
- Families in Transition
- Women Navigating Life
Efforts towards rehabilitation and transition here are impressive. There is a target focus
about being successful when released and learning about healthy lifestyles, relationships
and parenting. This center has the potential for really turning lives around and making the
time they serve be valuable and not just a punishment.
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WASHINGTON CORRECTIONAL CENTER FOR
WOMEN GIG HARBOR, WA 738 OFFENDERS
This complex, like Mission Creek is minimum security and women only so there is more
of a concentration on education and vocational training.
Vocational Training available:
- Green Infrastructure carpentry
- Weatherization specialists
- Installation of solar panels and wind turbines
- Organic Farming
- Composting
- Recycling

Educational degrees can be earned in:
- Plant and Wildlife Ecology
- Sustainable Agriculture
- Urban Horticulture
- Alternative Energy
- Building with recycled materials

The training and education classes provided here are extremely modern and up to date
with green technology and practices. When released, these women will have valuable,
modern skills to start their new lives with. The time they spent in prison will have been
truly rehabilitative and served a purpose.
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Among prison facilities statewide, from 2005 to 2010 the D.O.C. SPP projects have:
- Reduced solid waste to landfills by 35%
- Increased diversion to recycling by 89%
- Increased food waste diversion to composting operations by 90%
- Decreased potable water use by over 100 million gallons annually
- Decreased facility heating and energy consumption by 8%
- Reduced all transportation fuel consumption by 25%
- Increased biodiesel use by 9% from 2009 to 2010
- Reduced total carbon emissions by an estimated 40% from 2009 to 2010 (spp)

From 2004-2011 Through the Sustainability in Prisons Project:
- More than 100 lectures have been held at five prisons, with more than 2,400 inmates and
280 DOC staff attendees.
- More than 80 scientists and practitioners from more than 35 organizations, agencies, and
universities have provided lectures and presentations.
- Nearly 30 workshops have been held on sustainability-related topics, e.g., gardening,
composting, soil science, butterfly biology, bee-keeping, and arboriculture (spp).
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With guidance from collaborating scientists, SPP carries out ecological research and
conservation projects involving inmates, college graduate and undergraduate students,
and community partners. Incarcerated individuals are raising endangered Oregon
spotted frogs from eggs to adult, propagating rare native prairie plants in greenhouses
within prison walls, and raising endangered Taylor’s butterflies for release on South
Sound prairies.

Research & conservation projects:
-Oregon Spotted Frogs
From 2009-2011, inmates at SCCC
successfully raised 311 frogs.
-Native Prairie Plants
From 2009-June 2012, inmates have
raised more than 600,000 native plants for
South Sound habitat restoration.
-Butterflies -During the inaugural 2012
season, inmates at MCCCW have raised
more than 800 Taylor’s Checkerspot
butterflies and successfully bred adults
resulting in more than 3,000 eggs.
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-Bees -Inmates and D.O.C. staff maintain
active beekeeping programs at CCCC,
SCCC, and WCCW
-Bird Boxes -Inmates have constructed 75
bird boxes for the endangered Western
Bluebird and Purple Martin (SPP).

SPP has been a role model for other institutions aiming towards sustainability. The
results and testimonies here have been positive and life changing for the prisoners. Here
they have become a resource and an important part of their communities and for some
prisoners, this is the first time they have ever been treated so. The Sustainable Prisons
Project has a lot going for it and many ideas that would fit well into this project. Aside
from all the green technologies and infrastructure, this system is very rehab-orientated
and there is a real focus on what the prison can do for the community.
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The literature review and case studies are pivotal in determining what elements to
incorporate into the retrofit. The information gained through them is used to calculate
the most sustainable methods for the site.
Together the Literature Review and the Case Studies guide the most suitable methods
for the site which include:
- Solar power fields- areas that are currently not being utilized should be considered for
solar power generating areas
- Urban Agriculture, specifically aquaponics. Aquaponics has great potential here in the
desert as it uses so much less water and has the ability for such a high yield
- Composting Areas- the organic waste collected at the prison can be transformed into
healthy soil that can be reused, sold or donated
- Workshops/Classrooms- areas for community based projects or to be used as
classrooms
These methods were considered when conducting the site analysis. This combination of
information will determine the design program for the Wilmot D.O.C.
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Site analysis
THE SITE:
Arizona Department of Corrections-Tucson
Wilmot D.O.C.
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The Wilmot D.O.C. prison is located in
Tucson, AZ. It is one of 10 prison complexes
that make up the Arizona Department of
Corrections (ADC). There are also an
additional 5 prisons that belong to the ADC,
however, those are privately owned. Wilmot
D.O.C. became functional in 1978, has since
been added on to and currently can house up
to 5,150 prisoners. It is a prison of varying
levels of security and hosts men, women as
well as juveniles that have been convicted as
adults. Prisoners that are sent here are serve

anywhere from the minimum sentence
of 6 months to life without parole. What
this reveals is that these prisoners will be
here for a long enough time to really get
to become involved with and eventually
manage some of these sustainable projects.
The Wilmot D.O.C. prison lies on 124
acres, 90 of which are currently available
for development. Some areas are to be
developed within the site whereas other
areas lie outside the prison but within the
compound.
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Site context
The Tucson environment is challenging when considering water and food production in
the desert. Tucson is located in the Sonoran Desert, which is classified by its defining
characteristics of the amount and seasonality of rainfall. Tucson receives an average of
twelve inches of rain per year, while the pan evaporation, which is the rate at which water
evaporates, is about 100 inches. This means, the climate of Tucson could evaporate eight
times more water per year than is supplied by the annual rainfall. The pan evaporation
to precipitation ratio of Tucson is 8:1, a very dry environment. Tucson has a bi-seasonal
rainfall pattern, though even during the rainy seasons, most days remain sunny.
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Tucson temperatures can be extreme. During
the summer months, temperatures can reach
into the hundreds, and during winter spells,
temperatures can reach near freezing. Urban
agriculture in Tucson must be planned for and
protected from the elements year-round, while
being mindful of our limited water sources and
better utilizing our natural plentiful ones.

Another thing to consider when exploring urban agriculture in Tucson is the soil quality.
According to United States Web Soil Survey, the soil quality of that area in Tucson is
high in alkaline levels and rich in caliche, which are poor growing quality. This means that
should urban agriculture be implemented, it might work best if crops were not planted
directly in the soil. Raised beds or other controlled techniques would produce better food
with less manipulation in the Tucson region. It is also important to plant the right crops at
the right time of season, so urban agriculture in this project will follow the crop rotations
provided by Master Gardener, Deb North, which are detailed in the Appendix.
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The Arizona Sonoran-Desert Museum classifies
Tucson into 5 seasons:
1. Summer Monsoon or summer rainy
season (early July to mid-September):
A tropical air mass brings humidity and
moderates the temperatures from June’s
extremes; frequent thunderstorms occur;
this is the main growing season for many
of the larger shrubs and trees. (Monsoon is
derived from an Arabic word for “ season”,
and was applied to a wind that changes
directions seasonally.
2. Autumn (October & November): Warm
temperatures; low humidity; little rain; few
species in flower, but the growing season
for winter annuals begins if there is enough
rain. Late summer and autumn occasionally
receive heavy rains from the remains of
Pacific hurricanes (tropical storms).
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3. Winter (December & January; sometimes
February): Mostly sunny, mild days, with
intermittent storms that bring wind, rain,
and cool-to-cold temperatures; February
often warm and dry, more spring-like.
4. Spring (early to late February through
April): Mild temperatures; little rain; often
windy; one of two flowering seasons; winter
annuals may start blooming in February.
5. Foresummer (May & June). High
temperatures; very low humidity; no rain
in most years; May is very warm and
often windy; June is hot and usually calm.
There is little biological activity except for
the flowering and fruiting of saguaro and
desert ironwood. Most plants and many
animals are dormant until the rains arrive.
This weather needs to be considered when
designing.
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Operational Costs
At present, the Wilmot D.O.C. annually
spends $1,740,101 on electricity tolls,
which is approximately $145,008/month.
By using solar power and harvesting a
resource readily available in this region,
we can lessen the electricity financial
demands for the prison by producing it
onsite. There appears to be enough room
to install several acres of solar panels and
according to Katharine Kent, President of
The Solar Store in Tucson, the prison can
harvest up to 57.6 kW every 1,000 square
feet.
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The prison spends $2,100,600 on water
annually, with approximately $100,000 of
that money being spent on monthly sewer
costs alone. If the water that runs through
the sewer system was reused water that
was cleansed through the wetlands onsite,
the prison eventually would automatically
save $100,000 a month on the sewer costs
alone.

Currently it costs the prison $6,849,725
annually, or $570,810 monthly to
feed the prisoners. The food that is
served at the prison often times travels
considerable miles to get there and has
all the required packaging necessary for
travel, which results in higher food costs
and environmental detriment. Also,
it is worth mentioning that the food
currently being served may not be the
most nutritious food for the prisoners.
There is an occasion here to lower food
costs as well as environmental relief by
producing food onsite.

There was a study conducted at Oxford
University examining the effects of nutrition
in prison systems. In this study, repeat violent
offenders were investigated. Half of the
offenders were given nutritional supplements
and the other half were not. As it turns out, the
prisoners that received the supplements ceased
to repeat violent offenses while the other group
remained consistent(ox.media, 2008). It has also
been proven that nutrition can help curb affects
of several health issues such as diabetes as well
as behavioral issues such as Attention Deficit
Disorder. In an environment where many of
the prisoners suffer from physical, mental and
behavioral disorders, simple nutrition can be
therapeutic.
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These expensive operating costs can be diluted through sustainable techniques
appropriate for the context. This next section will cover the retrofit design for the
Wilmot D.O.C. and the possible outcomes.
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Design Implications

Considering the abundance of clear sunshine in the Tucson climate, using solar power
on the site wherever possible is a natural and logical solution. This project intends to
use solar power in every possible available space, producing as much energy as possible.
Wastewater management and reuse will be explored onsite in efforts to lower water
costs and preserve natural resources. Several methods are appropriate for the site.
Onsite food production will be a major factor towards the prison’s sustainability goals
and it will be important to consider all forms of urban agriculture to use the most
appropriate methods with the highest production yield.
In efforts to transform waste into resource, composting will also be applied. The healthy
soil produced can be used within the prison, sold or donated.
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Design Program for the
Wilmot D.O.C.
After the literature review, case studies and the site analysis had been conducted,
the best and most suitable ideas and concepts were taken and applied to the
project’s site which emerged as the design program.
The design program for the Wilmot D.O.C. consists of:
- Solar powered aquaponic greenhouses- producing high yield, year-round food
production for in-house consumption, sale or donation
- Constructed wetlands for onsite wastewater treatment and reuse
- Composting fields for in-house use, sale or donation
- Workshops- designed for community service projects/classrooms
The sustainable capabilities at the Wilmot D.O.C. require specialized design and
the placement and purpose of designated areas must be thoughtful and logical. The
final layout for the prison is solar driven, with the solar fields lining the South and
West facing sides to harvest the most sun possible. As the constructed wetlands
and the composting fields can be smelly they are placed further North and
separated from the more public areas.
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Final Layout
4 acre
constructed
wetlands
1 acre
composting fields
1 acre
Two greenhouses
1 acre
solar fields
1/2 acre
workshop/
classrooms
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Solar-Powered Aquaponic Greenhouses
The solar-powered aquaponic greenhouses are spaced out in one-acre parcels that fit
2 greenhouses each. At present, there is enough room to fit 21 greenhouses on the site,
totaling approximately 12-15 acres of actual growing space.
The designs for the greenhouses are based off experimental super-grow houses that are
currently being explored in China. They employ two types of aquaponic methods: Floating
Raft Method and the Media-based method.
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These greenhouses are solar powered, so whatever power they require to operate the
pumps will be at no extra cost to the Wilmot D.O.C. The solar panels in the greenhouse
are on pivots that follow the sun. This design allows for maximum sun harvest as well as
providing necessary shade for the produce.
Eastern
Morning Sun

high noon
Sun

afternoon
western Sun

There are 20 acres of solar fields are to produce energy to be used towards the prison’s
electricity needs and financial costs. A goal of this project is to utilize as much as possible
our abundant natural resources and once the solar fields have paid for themselves in
electricity savings, the prison will be running near grid parity; meaning the prison will be
almost completely solar-powered with little electricity costs.
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Aquaponic pipe system
The pipe system connects the fish tank through
the media beds and the cleansed water is
pumped back in the other way, again celebrating
this beneficial aquaponics relationship.
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Fish
The fish tanks are sized according to the functioning aquaponic system at Orleans Parish
Prison noted in the Case Reviews. They are approximately 25’ long, 15’ wide and 5’
deep. They are divided into compartments where fish can be separated according to size
in order to eventually receive a continuous harvest. These tanks are capable of producing
up to 700,000 pounds of Tilapia annually.
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The designs for the greenhouses are based
off experimental super-grow houses that
are currently being explored in China.
They employ two types of aquaponic
methods: Floating Raft Method and the
Media-based method. The floating raft
method would work as so: There would be
several trenches dug approximately 3’ deep
and 200’ long, by 4’ wide. Those trenches
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are then pumped full with nutrient-rich
water from the fish tanks located on one
side. As the water slowly travels through
the trenches, the plant roots absorb the
nutrients and cleanses the water that then is
pumped back into the fish tank. This creates
the symbiotic relationship of aquaponics
where the fish create waste that feeds the
plants that then clean the water for the fish.

The seeds planted require 2 weeks of germination in soil to establish roots before being
transferred to the floating rafts. The seedling preparation will be done by the prisoners
in designated workshops throughout the site, again providing them with valuable skills
and work ethic for the future. The soil to be used in the germination process is soil
created onsite through composting.
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The Media-based method is necessary for produce that requires vertical support such as
strawberries and cucumbers. It also requires a media such as lava rock to establish and
hold the roots.
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Its important to note that the contact the prisoners have with the plants, water and fish
provides therapeutic benefits. It’s a way for prison labor and horticultural therapy to
marry for the mutual gain. Also, should the prison decide to use the aquaponic system
for profit, it can also grow ornamental plants for sale.
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Wastewater Management

Wilmot D.O.C.

Black water
is directed
to Tucson
Sewer line
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Greywater is directed
to constructed
wetlands for a natural
cleanse

Currently one of the biggest expenses
at the prison is the water fees and in
efforts to reduce operational costs,
reusing water within the prison
system will do that. Low-water and
water-less urinals would be employed
as well as a grey-water system that
would direct the separated waters
appropriately. Black water would be
directed to the sewer and greywater
would be directed to the constructed
wetlands for a natural cleanse. Once
that water is cleansed, it can be
pumped back into the prison to be
used for any irrigation, laundry or
sewer purposes.
Cleansed
water
pumped
back into
greywater
system

The constructed wetlands on the Wilmot D.O.C. are divided into six
four-acre parcels that have several retention ponds designed for different
cleansing stages within. The retention ponds will be lined and a solarpowered pump will control the water levels. A gravel media as well as
specific cleaner-plants will naturally cleanse the water as it moves from
basin to basin. The cleansed water will then be pumped back into the
greywater system of the prison for re-use.
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Not only do these wetlands bring forth opportunities of research, education and
wildlife habitat, but they also bring forth occasions for partnerships with organizations
such as The University of Arizona or any other research or wildlife endeavors.

114

Composting
The goals of this project strive for taking
what is and transforming it into something
new and healthy. In that spirit, the prison
would also host several acres dedicated to
managing organic waste by composting.
The prison currently produces several
hundred pounds of organic waste daily that
ends up in landfills where it is not allowed
to break down properly. It decomposes
badly and ends up emitting methane and
producing toxic waste itself. That can
be avoided if this waste is separated and
recycled into healthy soil when managed
accordingly. This process would demand
prisoner involvement from separating
kitchen wastes to physically handling
the soil. It is job creation and workforce
training for the prisoners as well as an
educational experience and an opportunity
for profit.

The 4 composting acres are divided within
according to the biological needs for
the breakdown process to successfully
decompose into healthy soil. The prisoners
would be in charge of adding, nourishing
and turning of the compost as well as
distributing the new soil among the prison
for seed germination or prepare it for sale or
donation.
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Workshops/classrooms
The half-acre workshops scattered among the site are
multi-functional. They serve as:
- Seedling starter houses where composted soil is
delivered and seeds are planted and
tended to in preparation for aquaponics. This work is
to be done by trained
prisoners
- Harvest Houses where newly harvested produce is
taken to be prepared for sale,
donation or prison consumption
- Tilapia Harvest Houses where harvested fish are
filleted and prepared for
consumption, sale or donation
-Workshops where prisoners can build and refurbish
bicycles, wheelchairs, toys and
sew clothing for the Tucson Community
- Classrooms where prisoners can learn the trades and
even earn degrees
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Conclusions
The main conclusions drawn from this Master’s Report are the possibilities of what a
prison design or retrofit can be. The conclusion that these sustainable techniques can
not only lower operating costs of the Wilmot D.O.C., but it can provide educational and
rehabilitative opportunities as well as community benefits while lessening the prison’s
carbon footprint. By implementing these techniques, the prison is transformed into a
productive resource.
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- The aquaponic green houses are capable of producing 200,000 pounds of produce
per acre. It takes approximately 10 weeks from seed to harvest and eventually can
be on a continuous return. There is approximately 12-15 acres of actual growing
space resulting in millions of pounds of produce annually. The onsite food production
and consumption leads to lower food costs for the prison and the prisoners being
nourished with healthy, organic foods that require no packaging or travel. This food
can also be sold for profit or donated to the Tucson Community where needed.

- The Tilapia require 8 months from hatchery to harvest and can produce up to 1,500
pounds per harvest and like the produce can eventually be on a continuous yield.
The prisoners can enjoy healthy protein at less cost to the prison or it can be sold or
donated. Tilapia farming is a cutting edge skill the prisoners will learn that can be
utilized after release.
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- The greenhouses as well as the constructed wetland pumps are solar-powered and
require no additional electricity costs to the prison. Additional solar panel fields
are installed wherever possible to help alleviate electricity costs wherever possible.
Although the prison may never reach grid parity with the amount of solar panels
onsite, no efforts toward sustainability are too small.
- The composting area will yield thousands of pounds of healthy soil to be reused or
donated. It will also result in lower trash fees, as less waste will need to be picked up
and transferred to landfills.
- The workshops offer events for the prisoners to contribute to the Tucson
Community by providing food, clothes, toys, bicycles, wheelchairs or furniture. It
makes their time spent behind bars better exercised and focuses on success after
release.
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Another goal of this Master’s Report is to spread the word of sustainability at all levels
including residential and to become a resource of information to anyone who might be
interested in these topics. In order to attempt to reach people with this project, a website
has been created. Please visit:

www.aprisonretrofit.com
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Appendices
January-‐February	
  

Seasonal
planting guide
for Tucson, AZ

	
  
Arugula	
  
Bok	
  Choy	
  

Asparagus	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Carrot	
  

Beet	
  

Bell	
  Pepper	
  
(seed)**	
  

Chard	
  

Chia	
  

Chicory	
  

Chilies	
  (seed)**	
  

Cilantro	
  

Collards	
  

Tomatoes	
  
(seed)**	
  

Corn	
  Salad	
  

Eggplant	
  (seed)**	
  

Kale	
  

Kohlrabi	
  

Leek	
  

Head	
  Lettuce	
  

Mustard	
  Greens	
  

Scallions	
  

Parsley	
  

Parsnip	
  

Radish	
  

Rutabaga	
  

Spinach	
  

Turnip	
  

Wildflowers	
  

	
  

Mid-‐March	
  
	
  

Amaranth	
  

Basil	
  

Black	
  Eyed	
  
Peas	
  

Bush	
  
&Pole	
  
Beans	
  

Sweet	
  Corn	
  

Chilies	
  
(plant)	
  

Cucumber	
  

Eggplant	
  
(plant)	
  

Gourd	
  

Melons	
  

Okra	
  

Bell	
  
Pepper	
  
(plant)	
  

Radish	
  

Summer	
  
Squash	
  

Zucchini,	
  
Patty	
  Pan	
  

Sunflowers	
  

Tomato	
  
(plants)	
  

Tomatillos	
  
(plant	
  or	
  
seed)	
  

Winter	
  
Squash	
  
(butternut,	
  
pumpkins)	
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Mid-‐March	
  
	
  

	
  

Amaranth	
  

Basil	
  

Black	
  Eyed	
  
Peas	
  

Bush	
  
&Pole	
  
Beans	
  

Sweet	
  Corn	
  

Chilies	
  
(plant)	
  

Cucumber	
  

Eggplant	
  
(plant)	
  

Gourd	
  

Melons	
  

Okra	
  

Bell	
  
Pepper	
  
(plant)	
  

Radish	
  

Summer	
  
Squash	
  

Zucchini,	
  
Patty	
  Pan	
  

Sunflowers	
  

Tomato	
  
(plants)	
  

Tomatillos	
  
(plant	
  or	
  
seed)	
  

Winter	
  
Squash	
  
(butternut,	
  
pumpkins)	
  

	
  

	
  

	
  

	
  

	
  

	
  

April-‐Mid	
  May	
  

	
  

	
  
Amaranth	
  

Basil	
  

Black	
  Eyed	
  Peas	
  

Bush	
  &	
  Pole	
  
Beans	
  

Sweet	
  Corn	
  

Cucumber	
  

Gourds	
  

Hard	
  Winter	
  
Squash	
  

Melons	
  

Okra	
  

Summer	
  Squash	
  

Sunflowers	
  

Sweet	
  Potato	
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June	
  

	
  

	
  

Chilies	
  (seed)**	
  

Eggplant	
  (seed)**	
  

Bell	
  Pepper	
  (seed)**	
  

Tomato	
  (seed)**	
  

Tomatillos	
  (seed)**	
  

Okra	
  

	
  
July-‐August	
  (with	
  the	
  monsoons)	
  
	
  
Amaranth	
  

Basil	
  

Black	
  Eyed	
  
Peas	
  

Bush	
  &Pole	
  
Beans	
  

Broccoli	
  
(seed)**	
  

Sweet	
  Corn	
  

Cabbage	
  
(seed)**	
  

Cauliflower	
  
(seed)**	
  

Chilies	
  
(plant)	
  

Cucumber	
  

Gourds	
  

Melons	
  

Okra	
  

Bell	
  Pepper	
  
(plant)	
  

Radish	
  

Summer	
  
Squash	
  

Zucchini,	
  
Patty	
  Pan	
  

Sunflowers	
  

Tomato	
  
(plant)	
  

Tomatillos	
  
(plant)	
  

Winter	
  
Squash	
  
(butternut,	
  
pumpkins)	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  	
  
	
  	
  September	
  –	
  November	
  
	
  

Arugula	
  

Asparagus	
  

Beet	
  

Cabbage	
  
(plant)	
  

Carrot	
  

Cilantro	
  

Broccoli	
  
(plant)	
  

Brussels	
  
Sprouts	
  

Cauliflower	
   Celery	
  
(plant)	
  

Chard	
  

Chicory	
  

Collards	
  

Fava	
  &	
  
Garlic	
  
Lima	
  Beans	
  

Herbs	
  
(except	
  
basil)	
  

Kale	
  

Kohlrabi	
  

Leek	
  	
  

Lentils	
  

Lettuce	
  

Mustard	
  
Greens	
  

Onions	
  &	
  
Scallions	
  

Peas	
  

Radish	
  

Rutabaga	
  

Spinach	
  

Turnip	
  

Wildflowers	
  

	
  

Bok	
  Choy	
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All vegetables and fruits listed can be directly planted from seed into garden unless
a (plant) indicator is shown next to them. Those will do better by planting a seedling.
A ** symbol next to a plant indicates that these seeds need to be protected from cold
and freezing temperatures in fall/winter and heat during spring/summer.
Some plants such as lettuce and radishes can be replanted every 2-4 weeks for a
continuous harvest.
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www.aprisonretrofit.com

