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ABSTRACT
Planning for Building Integrated Agriculturein LasVegas
by
Robert Vralsted
Dr. Janet White, M. Arch., Ph.D., Chairperson of the 8apary Committee
Assistant Professor, School of Architecture
University of Nevada, Las Vegas

High food prices, concern about food nutrition and tgafand an awareness of
commercial farming’'s environmental impact have generaedenewed interest in
sustainable urban agriculture. Advances in controlled@mment agriculture (CEA) have
made it possible to grow food virtually anywhere imach more sustainable manner than
traditional field-based agriculture. Locating and pilagnurban farms using retrofitted
existing building stock to maximize food production and eds#istribution in Las Vegas
requires consideration of multiple barriers relategi@ography, economics, and the built
environment. Consideration of these factors in thenphgnprocess informs the design of a
successful BIA facility.The site selection procegsuidan agriculture projects is critical to
the project’s long term sustainability, while the ’sitadaptation requirements directly
influence start-up costs. Detailed analysis of tletofa in these stages can therefore yield
valuable initial viability and feasibility informatn. This thesis presents a planning
strategy specifically for selecting an appropriate gitg @esigning for building-integrated
agriculture (BIA). First, a list of critical factefor a successful urban agriculture project is
developed from the material discussed in the liteeataview and case studies. Next, a
detailed site selection and analysis process is des@ldo provide insight into the
adaptations needed to turn an underutilized building inbmetibnal urban farm using new

BIA technologies. The strategy is then applied to aernege in Las Vegas.



The developed planning process can be used as an amsesamework by potential
investors, developers, entrepreneurial urban farmerd, a@hers for planning and
implementing a productive Las Vegas urban farm usingtiegi building stock. The
architect can use the developed strategy to inform tiplg design phase and ensure a

well-integrated and feasible project.
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ACRONYM GLOSSARY
AlA. American Institute of Architects
AIVC. Air Infiltration and Ventilation Centre
ACGA. The American Community Gardening Association
BIA. Building-Integrated Agriculture
B-1SA. Building-Integrated Sustainable Agriculture
CEA. Controlled Environment Agriculture
CEAC. Controlled Environment Agriculture Center (of the Umsigy of Arizona)
CMU. Concrete Masonry Unit
CPUL. Continuously Productive Urban Landscape
FAO. Food and Agriculture Organization (of the United Nations)
GIS. Geographic Information Systems
HDVGS. High Density Vertical Growing System
LVVWD. Las Vegas Valley Water District
NTS. Not to Scale
OTA. Organic Trade Association
PALENC. Passive and Low Energy Cooling
PCL. Plant Cable Lift
UA. Urban Agriculture
UN. United Nations

VIG. Vertically Integrated Greenhouse



CHAPTER 1
INTRODUCTION

Current Issues Facing Agriculture

The number one priority of the United Nation’s (UN)llstainium Development Goals
is “Eradicating Extreme Poverty and Hunger” (Unitedidia web). It has been suggested
that this, as well as three additional Millennium Depelent Goals, is directly or
indirectly related to issues caused by the currentw@dture system. The additional goals
affected by agriculture are: reduce child mortality, iowe maternal health, and ensure
environmental sustainability (Mougeddrowing Better Cities 13). Adding to the current
challenges, recent food prices are increasing atadlHtates; in February 2011 food prices
increased 3.9% according to the Associated Press (A& shows that in 2008, high
food prices forced 115 million more people into hureyed preliminary evidence suggests
that up to 105 million people could become poor due togifood prices alone (World
Bank 4). The high prices were mainly caused by ail biofuel demands on current
agriculture resources (World Bank 2). This pattenii continue as long as current
agriculture methods are widely used because of edormmnefits to producers such as the
petroleum industry from the link between food and energgkets (Mensbrugghe et al. 4).

Achieving the UN’s goals becomes even more complex whenconsiders that food
demands are growing; according to the United Natigvis’ld Population to 2300 report,
by 2050 world population could reach between 8.9 and @llibn (3). It has been
suggested that if current resource-intensive farm@ngniques continue, an additional land
area the size of Brazil will be needed to feed tipesgple. This amount of new arable land

is not available (Despommier web). In addition to laedds, the world’s thirst for fresh



water will continue to grow. Currently, world agritule uses nearly two-thirds of
freshwater extraction and is usually seen as the masecfor global water scarcity
(Bruinsma 19).

Projections also show that this growing world poputatwill largely be an urban
population; over half of the world’s population -54illion people -- will live in cities by
2020 (World Bank web). This makes for a growing treptbblem because of the current
separation between the urban population and its $oacce. University of California Los
Angeles’ (UCLA) Center for Health Policy found th&ethighest percentage of people
affected by obesity and diabetes live in neighborhoods that hawefas#ifiood restaurants
and little access to grocery stores and fresh foathé€R et al. 1). These neighborhoods are
also called food desetts Food deserts are commonly found in underserved urban
neighborhoods and especially in communities of colobégat al. 1).

The growing health problem due to limited healthy fe@adess is also of economic
concern because of medical costs. Diabetics incur aagevexpenditure of $11,744 per
year (Dall et al. 596). A healthy, local, and affordable food solarcthe urban population
can act as a preventative health care strategy poréelice the financial burdens of those
that are the most food insectirdKaufman and Bailkey cite a Rutgers University gthgl
Hamm et al. on the impact of community gardens in Trertew Jersey, which found that

under certain conditions, increased vegetable consumpf vegetables grown in

! Food deserts are a major source of health probléfhe Mari Gallagher Research and Consulting Group
defines food deserts as “large geographic aredsnaitor distant grocery stores. Often they alse ten
imbalance of food choice, meaning more nearby érifogpd such as fast food, convenience storesyooti
stores” (Gallagher 1).

% This is supported by a study showing the relatignbetween obesity and healthcare expenses frb89%
article. Nutrition education and healthy food vpast of the weight reduction program in the studyaolv
showed that after one year patient diabetic an@itgpsion prescription costs were reduced by 56epér
(Collins and Anderson 373).



Trenton’s community gardens would save approximateQOF®O0 per year in cancer
treatment costs (71).

The environmental, human rights, and health issuesltires from the current
agriculture dilemma show the need for advancemenbifoviood security towards a more
sustainable agriculture, especially to satisfy urfmand needs. In the current system, it
seems urban dependence on resource-intensive foodowilhue to grow with the urban
population if healthy food is not made widely availabla &ical level.

Designers, in particular, have a social commitmenitsiag their unique skills to help
develop sustainable urban agriculture (UA) becausedheinherently concerned with the
urban landscape and “have contributed indirectlynéopestilent slums in which much of
the world's population now lives by failing to bring odkills to a vast, unserved sector of
human society” (Fisher B6). Investigating how to letstgrate new technologies for local
food production in cities is a way design can contelio a better understanding of how to

create urban spaces that support a healthy population.

Sustainable Urban Agriculture — A Potential Solution
Sustainable agriculture is a goal that addressesntuagriculture problems. As
described in the 1990 Farm Bill law:

the term sustainable agriculture means an integsgtstém of plant
and animal production practices having a site-speggdication that will,
over the long term:

-satisfy human food and fiber needs;

-enhance environmental quality and the natural resdvase upon
which the agricultural economy depends;

-make the most efficient use of nonrenewable resources andhon-fa
resources and integrate, where appropriate, naturabgicel
cycles and controls;

-sustain the economic viability of farm operations; and



-enhance the quality of life for farmers and society asole (Gold
1).

These sustainable values can be applied to the uabdsdape to help further define
the goals of sustainableban agriculture (UA). A comprehensive definition of UA is:
UA is an industry located within (intraurban) or on thiege (periurban) of
a town, a city or a metropolis, which grows or raispsocesses and
distributes a diversity of food and non-food produgéts;)using largely
human and material resources, products and serviges fo and around
that urban area, and in turn supplying human and matesalurces,
products and services largely to that urban area (BmudJrban
Agriculture 10).
This description of UA is an adaptation of Smit et al.’s diéfiniand is widely used by UA
scholard because it includes an emphasis on the integratid®ointo the surrounding
urban system. It is helpful in setting parametersttics study which is concerned with
sustainable agriculture practices in the urban landsoagamnply, UA.

There is evidence of growing support for UA and awarettests“UA is an integral
part in [sic] a continuously productive urban landscap®UQ” (Michaels 218).
Awareness of UA has manifested in multiple ways. ‘dware” was the Merriam Webster
2008 word of the ye&r Movies such as “Fast Food Nation” and “Food Inc.” have attacked
the corporate agriculture structure and been comnilgreiaccessful. Vertical farming
visionary Dr. Dickson Despommier continues to gairiaexposure for promoting urban
buildings that are designed for food production andibigton. The Vertical Farming
Project website is regularly updated with architextsv visions of vertical farms. The

USDA recently launched the “Know Your Farmer, Know Ydewod” campaign to

increase the public’s awareness of where its foaodesofrom and reinforce the idea of

3 See Colasanti 6 and Veenhuizen 11.

* Merriam Webster defines a locavore as one whofeatts grown locally whenever possible.
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buying locally grown food. Disneyworld has even deididea theme ride to an exhibit
showcasing sustainable agriculture technology whichphagen to be a highly successful
agritainment enterprise. Even more recently, a uemté in Saudi Arabia designed by
Thomas Klein International included an internal farm.

Local government agencies have also taken notickeeopotential of UA because the
lack of access to healthy food is being seen as a pouddith issue. For example, as a
response to findings from poor health and low-incomghimrhood correlation studies,
Baltimore established one of the first food policy daails. A series of meetings
involving the Baltimore City Health Department, thep@gment of Planning, and the
Johns Hopkins University’s Bloomberg School of Publaalth led to the formation of the
Baltimore Food Policy Task Force, which is now jointly lediy city planning and health
departments (Hodgson 10). The Baltimore City Plann@gmmission has further
integrated good food into their policies by adopting Batimore Sustainability Plan
which states the need for a food system that suppabte iealth (Hodgson 10).

The growing interest in healthy food also has economic incentivEhe Organic
Trade Association (OTA) states that, “with annual growth ofl 10t&. food sales in the
2-4 percent range since 1997 and organic food growth in the 15 to 21 parggstit is
clear that organic foods are making continuous progress into the camenainstream,
adding more than $10 billion in annual sales since 1997” (@D&6 1). The OTA
reported that in 2009 organic consumer product sales in the US5¢8éwto reach a

total of $26.6 billion (OTA2010 1)°. While growth in 2009 was less than the 15 to 21%

> Despite the exclusion of hydroponically-grown @dpm organic certification, this thesis makes thse
that high-quality hydroponic crop producers are petimg for the same healthy food consumer market as
the organic food industry. These two industrieganic food and hydroponic food, both qualify as

5



predicted by the OTA in their 2008 report, the organic fruits and Jelgetaategory
grew 11% and accounted for $9.5 billion in sales which is 38% of takdmanic food
market (OTA,2010 1).

UA and local food markets, however, only capture tensiitions of dollars of this
billion dollar healthy food market (Mougedtyban Agriculture 2). UA has not generally
been considered a large money-generating commeauialifg venture in the United
States; its role has been complimentary to larged feappliers (MougeotUrban
Agriculture 2). Historically, but with exceptioRsUA has been associated with community
gardening and other forms of agriculture that are tmeasubsidize local food needs. This
approach is quickly changing to a profit-driven modelvéxer, due in part to a more
visible connection between clean energy, water, andugigi€’ (Woody F5). Traditional
agriculture’s contributions to climate change and ioieffit use of natural resources have
created markets for technological innovations that reduese effects (Woody F5). Some
of these technologies are for the UA market.

The new technologies that are being developed to taptlhmoUA market have
historical precedents; Jane Jacobs observed that soooetysbegan, innovations in
agriculture have depended on technology perfected in @dttings. Entrepreneurs have
increasingly taken notice and begun their search forriéix¢ new thing in an old business:

agriculture” in urban areas (Woody F5). One of pnemising agricultural technologies

sustainable agriculture by providing healthy foaing environmentally-responsible production (Brooke
59).

® There are “a few highly successful market gardene been in operation for a number of years” (AGGA
Also, there are some economically viable non-prafitl for-profit urban farms such as Greensgrow in
Philadelphia and Growing Power in Milwaukee butiag¢hese are currently the minority and not the
majority.

" The event, “Agriculture 2.0” can be seen as ewdenf entrepreneur interest in sustainable farming
technologies. This is a new event most recently imethe spring of 2010 in Silicon Valley, Califda for
the purpose of partnering entrepreneurs and ingegtith sustainable farming technology companies.

6



currently being perfected in the urban setting is highficient, flexible, and more
affordable turnkey CEA systems designed for BIA applcesti

Caplow and Nelkin introduced the idea of BIA in 2007 ta¢ 2nd PALENE
Conference and 28th AINConference on Building Low Energy Cooling and Advanced
Ventilation Technologies in the 21st Century, in Cisland, Greece (Caplow and Nelkin
172). Their research proposed rooftop greenhousesmd#hebenefits. Since this
conference, Caplow has fine-tuned a definition for Bllkich appeared in “Urban Futures
2030™

Building Integrated Agriculture is a new approach todpiction based on
the idea of locating high-performance hydroponic farmiygjesns on and
in buildings that use renewable, local sources of eremgywater (Caplow
55).

Keith Aggoada, founder of Sky Vegetables, defines BIA“agroductive and
profitable building-integrated sustainable agric@dtusystems, which can be widely
implemented on existing and new buildings in citied #wns around the world” (Keenan
2)'°.

For the purposes of this study, BIA will be defined as a ¢ypp2A in which an existing

building has been retrofitted with an integrated turnK&A system for the purpose of

high-intensity urban food production and distribution.

8 See Acronym Glossary, p. ix.
® See Acronym Glossary, p. ix.

101t should be noted that Keith Aggoada describe& B$ Building-Integrated Sustainable Agriculture,
whereas the definition provided by this thesis edek the term sustainable. While BIA is less resou
intensive than traditional field agriculture, ifllstlepletes resources and therefore can not bsidered
fully sustainable.



Potential for Agriculture in Las Vegas

The City of Las Vegas, Nevada, is a prime examplenofirdan area that should be
concerned with providing food security for its populatiolThe term “food desert” applies
to Las Vegas in two critical ways: first, several iigrhoods in Las Vegas fit the MG
definition of food deserts because of the overwhelmnegegnce of fringe food and lack of
easy access to grocery stores. Las Vegas doesvetHacal food source because it is
located in an ecological desert currently in the woraigiioon record according to the Las
Vegas Valley Water District (LVVWD web). The nativeils do not readily support non-
native plant species without preparation (especiallgtplased for agriculture production)
because of high pH levels and little organic maf&wuthern Nevada Water Authority
web). The local climate characteristics require hagmounts of water to sustain crop
production, especially in the hot dry months, precigdnost agricultural activity. The
region is almost entirely dependant on non-locaouece-intensive food production and
distribution for its food supply because a local foodwgng network is virtually non-
existent beyond educational and personal gardens. Nsigsta UA network was found
at the time of this research; the American Commu@#rdening Association (ACGA)
does not even show any registered community gardens (AGEBA w

Las Vegas’ reliance on non-local food is not surprisutign one thinks of Las Vegas
as a consumer’s paradise. The city has been built cpasumer demand for the service
industry — not on the production of any tangible good¥his makes the idea of
widespread agriculture production in Las Vegas seentilkeg than in most cities. This is
also a reason why its potential in Las Vegas igrsat. Dickson suggests that combining

the seemingly disparate operations of food productiorudmahism is provocative and this



dichotomy is the reason it has such great potentia). (66ombining farming and
sustainable urbanism in a city where neither is expebteds local population is a
challenge. It could be argued, however, that a BlAeptan Las Vegas is less of a
paradox than an ocean-inspired casino in the Mojave Deser

While UA is not firmly established in Las Vegas, ttiey is an ideal location for using
food production technologies, especially greenhouse fwoduction, largely due to its
average of 294 days of annual sunshine (City of Laa¥&gb). CEA has proven to be a
highly successful commercial business in Las Vegas,nbtuifor Las Vegas. Sunco
Greenhouse in North Las Vegas is a commercial hydiopgreenhouse that exports
millions of pounds of fruits and vegetables out of theal food system, but no produce is
shipped to Las Vegas supermarkets (Nevada Businessald9). Literature in water
conservation points out that exporting food is theesas exporting water; the common
term for this is “virtual water” (World Water Confaice 3). In a region as water-poor as
Las Vegas, this exportation of virtual water from ibeal market is a questionable
practice. Using local water resources to sustaial lfaod needs and keeping the money
generated by this agriculture in the local economydcbelp Las Vegas become a more
sustainable urban landscape.

The impact on the local economy could be significamen if the 15 to 21% market
growth rate projected by the OTA slows down to 1@8,Las Vegas healthy food market
could equate to a 240 million dollar market for fruatsd vegetables in 2011 based on

population percentagegPerkowski 33).

™ This number can be calculated if it is assumet@ark County’s organic food market is represewtadf
the U.S. organic food market. Population figuras then be used to estimate Clark County’'s potentia
market size and growth expectations and appligtktd the local market size in 2011.

9



Las Vegas has also been one of the hardest hit regitims recent economic recession
according to the Brooking Mountain West Monitor pudion in December 2009.
Unemployment, home real estate foreclosures, andjar relowing in economic activity
have all contributed to a downtrodden local economy thanot aligned with the
“stabilizing” national economy (Brookings Mountain Wdsgt This under-performance
has also affected the commercial real estate maricthalped to create more than 12
million square feet of vacant industrial real estatccording to Applied Analysis’ 2009
third-quarter “Las Vegas Commercial Market Monitor”.(Ihis is more than 12% of the
available industrial space in greater Las Vegas [{ap@nalysis 1). More recent studies
have shown an increase in this percentage to mare 6% vacancy with no signs of
recovery? and these numbers increase dramatically if vacant rethdféine real estate are
considered. This under-utilized space has created an opippfor renters because, as the
vacancies continue to rise, the rental rates atadathnd alternate uses for these buildings,
such as BIA, become more economically feasible.

Locating and planning urban farms using retrofitted tewgs building stock to
maximize food production and ease of distribution in Lagas requires consideration of

multiple local factors related to geography, econonaicd,the built environment.

Research Objectives, Questions, and Methods
It is in the interest of designers to take action in securing ttsae ph the BIA industry

at this early stad@ because it is clear that the demand for more hesdthy will support

12 5ee Smith web.

'3 This pro-active role for the architecture professis suggested by John Peterson, founder of Public
Architecture (Peterson 95).
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the advancement and widespread implementation of BIA.objective of this thesis is to
provide initial insight into how the architect/desigrean successfully incorporate new
high-performance agriculture technologies being develdjeedBIA into the urban
landscape.

To help achieve this objective, methods and factorsUi@d planning, greenhouse
planning, and planning for the adaptive reuse of exjdbuilding stock were reviewed in
the literature review. These planning materials wasen because this thesis proposes
that UA, greenhouses, and adaptive reuse of exibtiiding stock are the fundamental
components of BIA. The breakdown of BIA into its comg@ais was necessary because
BIA is a relatively new phenomenon and little litewa specific to its implementation
exists. An abundance of scholarly literature was availaconcerning the defined
components of BIA. Each of these fields provided keymptay factors and criteria for
integrating a successful project into the urban laauscand information on where the
architect fits into the planning process. An orgeditable of observed planning factors
and methods was developed from the analysis of thetlitera

Case studies of proposals using new BIA technologe® vithen reviewed to help
determine which factors identified in the literatue®iew are most important in planning
for a successful BIA project. The case studies exagnia selection of new BIA
technologies that are available as turnkey CEA systems. Eactvaasssessed in relation
to planning factors discussed in the literature revama other factors that informed the
planning process for a successful project. Analysisi®icase studies revealed that each
BIA system has unique opportunities and constraintshigr integration into an existing

site and some factors are more important than othersdiegeon the type.
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The literature and case studies were reviewed witfotloeving questions in mind:

1) What factors need to be considered in locatingeafa UA, greenhouse, and
building adaptation projects?

2) Once a site has been chosen, what factors shewddnsidered in deciding on a
design for UA, greenhouse, and building adaptation gisfje

3) What site selection and design factors are mopbrit@nt to consider in
planning for BIA?

After each chapter in the literature review, thedecwere documented and organized
in an outline format. These tables were then andlgpel a used as references throughout
the research.

A planning process specifically for BIA was developed aftahyamg the case studies.
The planning process was informed by findings fromatheysis of the literature and case
studies. This proposed planning process outlines kmraed factors that should be
considered in the planning phases for a successfupBifect to help ensure that the BIA
proposal is feasible. The proposed process is edlyaeseful for the architect/designer in
deciding how and when to apply their services to theyded a BIA project.

The developed BIA planning process from this analyss then tested in the local
urban setting to better understand some of the faaetermining opportunities and
constraints for new BIA technologies in Las Vegasvadia. The results of the local study
helped determine the feasibility of the proposed BdAmation at the site. Going through
the outlined steps in the strategy also provides an @edaior others to use as a reference

when evaluating a site’s potential for a BIA project.
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CHAPTER 2
LITERATURE REVIEW

Introduction

The literature review is divided into three sectitma are helpful in understanding the
planning process for integrating food production into bnédt environment. The first
section is a broad review of methods and factord usplanning a successful UA project.
The second section reviews multiple authors’ suggestion planning for successful
greenhouses and CEA systems. The last part oflthter briefly discusses the factors to
be considered in choosing a greenhouse structurecaedroy material. The third section
reviews selected factors in planning for a succesaflalptive reuse project. Multiple
viewpoints were considered in order to provide a broag bb#nowledge for developing

a distinct set of BIA planning factors.

Planning for UA

The process of integrating UA into unique landscapea mmon theme found
throughout the literature on planning for UA. Mougeot sstgjthat agriculture is more or
less urban depending on its integration into and raelstiip with the surrounding urban
ecosysterf. He goes on to propose that acknowledging this condieptsafor the
identification of a city’s “conditions and policytgrventions needed, if any, to move from
lesser to greater integratioriJiban Agriculture 11). This not only demonstrates a goal to
further urbanize agriculture, but it also implies thB& planning needs to consider the

unigue opportunities and constraints within each titgnsure greater project integration

% In this article, Mougeot defines urban ecosystenbath the ecological and economic systems within t
surrounding city rban Agriculture 9).
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with the surrounding urban systems. Bohn and ViljJdesa emphasize the need to locate
the individual UA project appropriately within the der network of a productive urban
landscape (240).

While each urban landscape provides unique opportunities canstraints, the
literature shows that there are common factors toidens planning for UA projects of
all types. Drescher notes that the UA integratiarcess has been carried out throughout
the world and these examples provide information tlaat lbe customized for local
conditions (3). Brown and Carter suggest that UhenUnited States can learn from the
best practices as well as the difficulties found imldwide UA (21).

According to Vazquez and Anderson, world UA practiaee commonly documented
using three methodologies: 1) research based on questies, 2) participatory methods
and case studies, and 3) a combination of economie@oidgical methods (6). Generally
speaking, this is the existing body of knowledge usedefme the factors that face UA
projects.

Much of the literature discusses common barriersatefound in UA activities; these
are also called obstacles, constraints, challengeissoes facing UA. An authoritative
study by Brown and Carter provides a comprehensiveflishallenges for UA including:
land tenure, start-up costs, access to marketsyl&dge and skills, seasonal limits, health,
urban planning, and vandalism and crime (Brown and Ca#td7). In Drescher’s study
for the Food and Agriculture Organization of the UN (BA constraints to UA are
identified as: excessive use of agricultural inputsd leenure, and challenges to micro-

finance (52). Kaufman and Bailkey group obstacles £oikto four categories: site-
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related, government-related, procedure-related, pecteption-related (Kaufman and
Bailkey 55).

Because of the nature of their study, Kaufman and Baiikgher identified six sub-
issues specific to entrepreneurial UA. These @te.contamination, vandalism, economic
viability, lack of business knowledge and skills, ded to collaborate with other farmers,
and UA being seen as a temporary land use (KaufmdrBailkey 67-68). Johnson’s
study on entrepreneurial UA presents three commarelbsmto community gardening (lack
of funding, lack of human involvement, and land tenam) compares their impact on
community gardening to how they affect entrepreneudA projects (Johnson 19).
Johnson proposes that entrepreneurial UA may haveleantage in overcoming these
barriers because it is directed to and working with ecoa development (Johnson 20).

All of the literature discussed thus far presentsriaypping or similar barriers to
integrating a UA project into the urban ecosysterolleCtively, these are the factors to be
considered in planning for any integrated UA projebepending on the location and the
type of UA project being planned for, however, the factarsycdifferent weight and in
some cases are not even relevant. Therefore, @ tyglan for a successful UA project,
decisions need to be made early in the planning pratess which factors to consider
based on where the project is located and what typeojgfgpiis being planned for. These
decisions are informed by the opportunities and caimt$r found in the surrounding urban
ecosystem. This awareness of past UA experiences anthskeby-case approach for
every UA project is evident in Bhattarya’s descriptidnhe site selection process:

the criteria for site selection differ on the basigebgraphic location, land

use pattern, physical characteristics of the land,cantmunity needs and
constraints (Bhattarya 33).
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An initial step suggested by scholars to help undedstiziad document a city’s unique
UA opportunities and constraints is to perform a witgle food assessment (Brown and
Carter 18). Food assessments are:

built on other kinds of assessments from the fiefldsommunity planning
(asset mapping), social work (needs assessment)c ghdalth (nutrition

assessment), environmental studies (environmentaksasent), and
international development (participatory rural assesgméBrown and

Carter 18).

Drescher proposes a similar initial assessment berpetl in which certain basic
requirements be met before beginning the process of iptanimplementing, and
improving UA. These basic requirements are:

-Creation of government and municipal awareness

-Identification of stakeholders and institutional framewgmime contact)
-ldentification of main constraints to agriculture andegirg

-Site survey — ldentification of current and potentitdssfor UA
-ldentification of potential for cultivation practicesré@3cher 46).

Germain et al. propose a less general assessmestiggest that performing the city
UA assessment is a step within the broader first fsteplanning gardens — defining the
project (13). This guide indicates that by defining theentions and expectations,
choosing the scope of the project, selecting the tygmmlen, and targeting the garden’s
community and partners, the garden planners can trednage the project according to
accessible resources (Germain et al. 13).

Performing these initial city assessments of theemes of UA and its resources
facilitates the UA planning process in multiple wayst, this information helps gauge the

“degrees of support™ a city has for UA (Quon 24). A city's degrees oport will

provide clues as to which obstacles to UA are mosifgignt in the city being studied, i.e.

!> Degrees of support are identified by Quon as tresemce or absence of these factors: the planning
institution, policy framework and cultural normsdagititudes of planners, politicians and the puffiaon
24).
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which factors need the most consideration and howrthiglt affect the proposed project.
Quon further supports this by suggesting that being aofatieese constraints helps the
process of responding to the constraints (summarygoreiéy, gathering and publishing
this type of information about a city’s potential 10A is known to be a valuable tool in
promoting awareness and gaining support for implemetdiagBrown and Carter 18).
Lastly, the literature suggests that these types ofss&mt records can help lead to the
inclusion of agriculture in future planned uses for drall(15).

The importance of incorporating UA into local planniagd policies can not be
overstated because it has been found that “clear atigpmblicized” land-use regulations
help to ensure the UA project will be accessiblento farmer (MougeoiGrowing Better
Cities 53). It has also been shown that many communities lies@ successful as a result
of using policy and planning tools to address lamute (Pohl- Kosbau 2007, qtd. in
Milburn and Vail 4). Many involved in UA do not owthe land they use to grow food and
the inability to secure land tenure due to finanaalpolitical constraints can cause
“guerrilla” or “opportunistic” gardening which is, inast cases, illegal (Mukherji 22, Quon
25). Without title or three to five year leasdw farmers risk losing their investment when
the land is taken for other purposes (Brown and Calsber 1

Throughout the literature, the most emphasized factorsotider in most UA
activities and assessments are issues pertainingnty especially the key issues of
availability, accessibility, and suitability (Dresst¥d, MougeotGrowing Better Cities 51-
53, Quon 24). These land factors are relevant inita#ls for all UA project types when
planning for a successfully-integrated project bec@ssees specifically related to land are

the cause of many constraints to urban farming (Quon 24).
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Based on previous UA projects, a widely recommeriasdstep in planning is to take
stock of the city's available land (Balmer et al, Direscher 46, Grimm 30, Mougeot,
Growing Better Cities 51, Quon 24, RUAF 4). Establishing what lands arelaai for
food production is an important first task becaiiskelps determine the types of UA
projects and the extent to which they can be suppoiteaddition to available land, UA
scholars also include vacant urban space in land ionrest Michaels and Mougeot
suggest that food production in the urban landscapetismited to land but should also
include under-utilized space in and on buildings (Mith249, Mougeot(Growing Better
Cities 53). The addition of building space to inventorgslue to advances in production
technology (such as BIA) which have made it possible itzeutvacant space because
“systems exist for all growing environments” (Mougéatowing Better Cities 54).

Geographic Information Systems (GIS) were repeatediyudsed as useful tools for
finding and mapping the inventory of available lariBalmer et. al. 21, Bhattarya 34,
Colasanti 18, RUAF 5). Specifically, GIS offer googportunities to integrate data from
various sources and allow effective planning (Dres&3r They also help the mapping
process of available sites which, according to Colaganatjdes another way to look at the

range in vacancy levels (89). An example of GIS dataow/istbelow in figure 1:
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Figure 1. An example of GIS data being used to identify latéé lands for UA (Bhattarya 21).
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Another important land issue in addition to land Emlity is land access. Helmore
and Ratta suggest that land may be available in a city but ngsditedecause of political
or social constraints (qtd. in Quon 25). Land asibdgy may refer to both the land itself
and/or to the use of the land (Quon 25). Land slitglr usability, is yet another critical
land issue which refers to the inherent qualities pibaof land and the services available
on it (Quon 25). Some scholars suggest these chasticte especially accessibility,
require more consideration than land availability bbeealand accessibility is considered
more of an obstacle to UA farms than land availabdind suitability (Mougeotsrowing
Better Cities 53, Quon 25). This is due to the UA reality thati@gture in urban areas
typically suffers greater ecological and economicress than rural agriculture, requiring
more intensive and better controlled production &y sbompetitive and secure (Drescher 4,

gtd. in Quon 24).
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Two studies in the literature with different objees provided similar examples of
methods for performing the initial available lands surverhe Portland Public Lands
Inventory collected GIS data on available vacans git®@vided by four local government
bureau$® with no immediate management plans (Balmer et 3l. Zblasanti’s study for
city-wide UA in Detroit, Michigan, also utilized Sldata provided by the City of Detrdit
which documented vacant parcels of land (82). Colasanfied the accuracy of the GIS
data by cross-checking against aerial images of Detndl found minimal discrepancies
(83).

Once the pool of available land and space was igiidéntified in these two studies,
criteria based on obstacles to UA were used to limit the fomenf available urban spaces
to only those that were accessible and suitabléJfractivities because “not all vacant
space is suitable for food production” (Mougéaitowing Better Cities 51).

Accessibility and usability were addressed in tloetl&nd Public Lands Inventory by
deleting parcels that had no access, were slivers vayusty unusable (Balmer et al. GIS-
1). Other criteria that reduced the inventory weressihat had other planned land uses,
namely the sites that fell into Environmental Zoned Rarks Developed areas, and also
sites that were leased by private parties with unkni@ase arrangements (Balmer et al.
GIS-3, GIS-5).

Colasanti’s land inventory addressed accessibilitywsability by excluding properties

with abandoned buildings and also limiting the inventomgguthe following criteria:

'8 The four bureaus were: Environmental ServicesksPand Recreation, Transportation, and Water (Balme
et al. 21).

7 Specifically, the data was provided by the CityDaftroit Information Technology Services Department
Geographic Information Systems Sales & Service €gftolasanti 82).

20



Only fully vacant parcels located within city limitachowned by the city,
the county, the state, the county land bank or the $tad bank were
considered... and all parcels owned by the City of DetR&creation
Department were excluded (Colasanti 83).

Not all studies used existing vacant land maps totifgethe inventory of potential
sites. Bhattarya’s study identified all potentiékés for community gardening by multi-
criteria analysis using available GIS data because atirgkinventory of potential sites
was not readily available in Gainesville, Florida (59The criteria for available land
identification in Bhattarya’s inventory was basedcoiteria found in the literature review
that addressed all three land issues — availabilitgessibility, and usability. These
criteria included: soil characteristics, slope, sunlighshade, distance from major streets
and bus stops, nearness to bike paths, parcel usg/zoownership of land,
environmentally healthy locations, demographic factang, gark deficiency substitution
(Bhattarya 58). She found that not all of the datevere applicable to her location in
Gainesville, Florida, and excluded slope and access tglsu(@hattarya 59).

Drescher’s guide to planning for UA also addressedhite® major land issues in the
first step, “Evaluation of Basic Criteria” (46). Atis stage, Drescher recommends that the
availability of space for UA should take into accoweniure conditions, water availability,
soil conditions, previous land uses, and farming sysseralysis (46).

All of the studies in the literature developed ororamended the development of an
inventory of the available, accessible, and suitableslarsihg applicable criteria. After
this step, the inventories were used in different sv&y achieve specific research

objectives. Grimm and Balmer et al. developed thewemtories and applied further

evaluative criteria to the inventoried sites to assess tlke bidJA that were best suited for
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the sites. The objectiva these studiewas to develop a typology systeto classify the
use of the siteB@lmer et al. 21Grimm 33).

In Balmer et al.’'sdnc survey, the developed typologyas intende to be used as a
resource fordentifying the potentiafor UA in Portland andn a broader sen<o increase
the planning focus on L and facilitate its implementation (13}.he following evaluative
criteria were used toassify the inventorytenure ofland, water access, level grade, tra
access, and proximityo other agricultural activity, whilesoil quality was not teste
(Balmer et al. 22). The data analysis did not remove sites based ocriteea developec
but instead attributethe datewith the information (developed criteriad that it could b
used in a way that was suitable for eindividual use”(Balmer et al. 1. The evaluation

produced this useful typolog

Table 1: Urban Agriculture Categories

Category Community Small-Scale Large-Scale Growing Growing on Impervious
Gardens Growing Operations Operations Surfaces or Poor Soil
Agricultural Uses Gardens with Farm stands, educational gar- | CSAs, other urban farms, urban | Vertical gardening; indoor growing (e.g.
individual plots; dening programs, composting, | orchards, animal husbandry, sprouts, mushrooms, aguaculture, ver-
gardens with shared | vermiculture, food bank garden- | Zenger Farm immigrant farmer | miculture); greenhouses, farm stands,
gardening space ing, herb growing, beekeeping, | apprentice program, horticul- community processing, farmers’ markets,
pocket garden, floriculture, ture, native plant production, container gardening, hydroponics
market gardens nursery, beekeeping

Figure 2: DevelopedJA typology system for available landsPortland Oregon (Balmer et al. 2.

The category, “Growing on Impervious Surfaces oorPS8oil,” was identified as
parcels with more thab,000 square feeof impervious surface which constituted n
than 15% of the total surface area (Balmer et #-11). This was assessed using
provided GIS data along with analysis of aerial tpgoaphs and visits to selected s
(Balmer et al. GIS-10).

In Bhattarya’s study for Gainesville, Florida, thigectives wert

1. Devising a strategy for identifyinew potential community garden si
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2. ldentifying and inventorying existing community garden&ainesville,
3. Evaluating new and existing potential community gasdeagainst
devised strategy (58).

Basic criteria were applied to the developed lanénitory using the planning process
“Sieve mapping” (Bhattarya 59). The criteria (sievespduto identify the potential sites
for gardening and eliminate ones not fit for gardenirgge: vacancy, well-drained soils,
suitable zoning and public ownership (Bhattarya 58hese factors were categorized as
“basic” criteria (Bhattarya 59). Bhattarya’s ideitition process, however, was a two-part
method which used a second set of criteria to furlinet the number of potentially
suitable garden sites. These “secondary” criterevgs) were used to meet the objectives
of accessibility, environmental health, service tacgdgopulations, and consistency with
stated public policy (64). These were broken dowméet seven finer criteria: within 100
feet of a bike path, within a five minute walk tdas stop, within a ten minute walk to a
bus stop, 100 foot buffer from major roads, neighbodsahat are below the poverty level
(>20%), neighborhoods that have a higher density of pagelé 65 years or older (>20%),
and sites not within a buffer of 0.25, 0.5 and 1.5 miles of animxigtark (64-70).

Bhattarya’s process is diagramed below in figure 3:
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Figure 3: Bhattarya’'s developed strategy for identifyinggmtial community gardening sites (59).

As described above, Drescher's strategy for planning, emmghtation, and
improvement of UA developed the inventory of availaldeds as part of its first
recommended step — the evaluation of basic data (#6)s planning strategy is to be
used as a tool to address the constraints to U&hkan areas throughout the world. The
second step in the strategy is titled, “Stakeholdealysis” (Drescher 47). Drescher
suggests it is necessary to identify all stakeholteswill be involved in the project to
help the farmers organize themselves (47). Thisidies everyone from the farmers and
land owners to the project donors and the local adigri The third step in this strategy is
to identify the fields of intervention (Drescher 47)hidl step includes identifying which

farming modules should be promoted; assessing whdteesite allows for vegetable

24



production, livestock, aquaculture, and/or urban forégBirgscher 47). Drescher notes, “it
is more efficient to promote already existing modaled help to improve them, instead of
creating new, artificial modules which are not known to theesialklers, not adapted to the
local situation or not accepted” (47). The fourth &ndl step is the “analysis of technical
issues” and especially the role of extension servibessther 48). Here Drescher asks
what are the most suitable practices in terms of &gdarming issues such as irrigation
practices, integrated production systems, integraest management (IPM), and even
book-keeping (48). Another issue to be addressed in th is to identify the
infrastructure that is needed (Drescher 48).

This strategy, much like others found in the literatumeggests a broad to narrow
approach to the planning process for UA, from aduingsthe urban constraints and
opportunities to addressing site issues.

The existing body of knowledge about planning for UA spezially significant for
designers/architects that become involved in the psobecause UA scholars suggest that
the architect’'s role is “a complicated one, requirthgtinctive and discerning skills:
listening rather than telling and catalyzing ratleemt directing...because the culture that
the design expresses is largely given rather than imposealidicand Wiltshire 130). UA
practitioners are apprehensive about turning over kenimg process entirely to “the
ministrations of the architectural profession” becadgber views on the new modernism
(Crouch and Wiltshire 130). Crouch and Wiltshiregrsg) that the architect’s role is not to
reinvent the site-selection process but rather tohisser her spatial design skills to help
create more functional UA allotments and use urbamplignskills to integrate UA sites

into the urban landscape in creative ways to “achieleabbe synergistic effects” (131).
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Barrier Category Factor Reference

Geography

(Mougeot,Growing Better Cities
53), (Quon 25), (Brown and
Carter 14-17)

(Brown and Carter 14-17),
Human| Land tenure, Land availability, Land | (Drescher 52), (Johnson 19),
accessibility (Mougeot,Growing Better Cities
53, Quon 25)

Physical| Land suitability, Seasonal limits

Economics

(Germain et al. 13), (Drescher
52), (Brown and Carter 14-17),
(Kaufman and Bailkey 67-68)

d(Brown and Carter 14-17),
(Kaufman and Bailkey 67-68)

(Brown and Carter 14-17),
(Kaufman and Bailkey 67-68),
(Johnson 19)

Production| Type of garden, Agricultural inputs,
Vandalism

Access to markets, Collaboration with
other farmers, Business knowledge an
skills

Distribution

Finance| Start-up costs, Viability, Funding

Built Environment

(Michaels 219), (Mougeot,
Growing Better Cities 53),
(Drescher 48)

Site Infrastructurg  Water access, Existing strastur

Figure4: Table of barriers to UA and the associated fadimbe considered in the UA planning process.

Greenhouse and CEA Planning

Unlike many types of UA projects, Controlled Enviromnheé\griculture (CEA) is
almost always approached on a commercial scalevéccome its basic limitation: cost
(Dalrymple 2). The amount of control used in comna¢i@perations is often less than the
potential due to cost limitations, “but at the vemynimum, the presence of a greenhouse
provides the basis for control greater than that dlittemal field agriculture” (Dalrymple
17). In 2008, the North American Greenhouse Hothousgetable Grower Association
(NAGHVGA) defined greenhouse production systems asedfistructures with glass or

impermeable plastic which implement computerizedation and climate control systems,
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uses [sic] soilless media and hydroponic methods, @adtices [sic] integrated pest
managements (IPM)” (qtd. in Fitz-Rodriguez 14). drbponic greenhouses fit this
description and can also be classified as CEA systemzsRodriguez 14).

Even though the greenhouse is a minimal environmemtalrat, it is still more
expensive than traditional field-based agriculture thedefore its use should be limited to
areas where 1) local crops are expensive or of low gualit2) local production is not
possible (Dalrymple 5). Other sources (Shrethsabamuh, Donnan, and Tyson et al.) also
state that traditional field agriculture should not bertwmoked because of the higher costs
associated with greenhouse producfion

Hydroponic greenhouses, though expensive, have beeasstidcin desert and arid
climates in part because these areas have abundantmddnwinter temperatures,
infrequent violent weather (tornadoes, hail, and excessige/), and low humidity in the
summer for air cooling (Dalrymple 73). Since the 1970’s, theg baen seen as a definite
commercial possibility for desert regions becauseagdifiyr successful examples in Arizona
and Abu Dhabi (Dalrymple 42).

As shown in figure 5, generally the pre-production phadeeiéifst step in planning for
a greenhouse. This phase begins with long-term plgroonsisting of the site selection
and greenhouse design (Fitz-Rodriguez 17). In disoydie planning process for a
greenhouse, Hochmuth stresses the importance of therqueetion planning
considerations because greenhouse vegetable prodimtawes a great amount of risk
(Hochmuth et al. HS773). Nearly every source en@vadtin the literature review first

introduces hydroponic greenhouses as a businessifthat correctly, can be more

18 See Shrethsa and Dunn p. 4, Donnan web, and Bysonp. 6.
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intensive and more productive than any other growingesygDalrymple ix, Jensen 13,
Shrethsa and Dunn 1, Tse 6). Exactly how much more preducydroponics is in
relation to open field agriculture is up for debbexause different growing technologies
are able to achieve different levels of intensity, dueliable number is provided by one of
the U.S.’s leading commercial greenhouses: Eurofresihd=aelaims to be up to 10 times
more productive than traditional field agriculturau(&resh Farms web). Achieving this
level of productivity requires careful planning and mamging of local and internal
constraints and leaves “little room for error” (Jens&hn

The literature offers different levels of explanatidmwever, of how to plan a
profitable and maximally productive greenhouse busiesk the extent to which site
selection and greenhouse design affect its succds&z-Rodriguez cites Costa and
Giacomelli who suggest that, “although a high produgtwith high quality produce is
always desired, a high technological level is not gswvaconomically feasible for all
climate conditions and for all markets. A proper d&@aanust be based according to [sic]
the local climate conditions and to the targetedketa while assuring a [sic] technical

support in all aspects of the crop management” (15).
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Figure5: This conceptual diagram documents one scholdidsteto organize the planning strategy into a
decision support system for greenhouse produckizn-Rodriguez 18). The highlighted area signiftes
beginning planning factors.
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One source merely suggests that the high initial ¢ostsred are a sound investment
because of the high productivity potential (Tse 6hisTs the extent of economic analysis
provided by Tse. In Tse’s discussion, the local ntatkeaditions are not included in the
process of locating a site for the greenhouse; instea#ting the greenhouse maximally
productive through its location and design is emphasiZEsk proposes the first step in
planning is to locate the greenhouse using the follovantprs: topography, orientation,
water supply, accessibility, room for expansion, and eveneiland use prediction (6).

While these are worthy physical and political fasttw consider in the site selection
and site design process, many other scholars emphasin®mic considerations at the
beginning of long-term planning and imbed them in tie selection and greenhouse
design process.

Donnan barely addresses the site selection procesBsbusses the business planning
and greenhouse design in depth. He recommendsgténg planning process with an
analysis of the market (web). The market is analyzedduressing questions such as,
“Where do you intend to market the crop? What aeadiquirements of the buyers? Where
does your proposed market currently get its supply, and madhleet static or developing?”
(Donnan web). The entire planning process is propose yclical process and works
through this sequence of steps:

- the market

- the crop

- the growing environment
- the growing system

- management
- financial analysis (Donnan web).
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Donnan also does not address greenhouse design in-deptle itttk timformation that
is provided about it is very basic. Designing theeghouse is addressed in the “growing
environment” step in which he suggests consideringpda climate in deciding whether a
protective structure is needed (Donnan web). Ifgutain is needed, Donnan lists general
factors to consider in choosing a structure, such asityaln perform as claimed,;
versatility; ease of construction; cost as delivenestalled cost; maintenance cost; heating
and/overcooling costs; and vulnerability to storm damégeb).

Donnan reviews factors in managing a hydroponic greesghamd reviews typical
issues facing new greenhouse growers. The only sitergadiscussed in this article are
access to a good water supply and the existence of buildjalgtiens (web).

Giacomelli also summarizes the relationship betwsteategic planning and the design
of the greenhouse with little mention of the site &@e process:

Selection of the greenhouse design is determined bykfeetations, needs
and experience of the grower. Consider what crop(s)beilgrown, how

they will be managed, and the grower experiencesertyibe of growing

system. With this initial information, a workable @gscan be completed,
and then modified by the financial realities of theguired investment
(Giacomelli web).

Hochmuth et al. precede the site selection witheptd financial considerations to
determine the cost of a greenhouse. They statehatost of establishing the operation
depends on the following factors: the size and nundfethe greenhouses, type of
production system to be used, method of marketingg mer associated facilities such as
packing facilities and vehicles, availability of suppleesd support services, and amount

and quality of labor (Hochmuth et al. HS767). They arbaednly after these factors have

been addressed can an informed site selection process begin.
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While Hochmuth et al. provided a review of financiahsiderations, Jones provides
suggestions on the site selection process. Buildmghe information in his financial
planning chapter, Jones provides a list of factortwider in determining the suitability
of a site, or group of potential sites, for the propgsegject: regulations and services,
water availability and quality, physical site regunents, and forward planning (Hochmuth
et al. HS775). These articles illustrate how findnc@nsiderations and site selection
factors build on each other.

A publication by the Manitoba Agriculture, Food and Rurdidtives group also offers
key long-term planning questions to develop the busstestegy and operation, as well as
market opportunities.

-Who will be my customer?

-What will | produce?

-When will | operate the greenhouse?
-Where should | build?

-Why a greenhouse? (web).

These questions help to determine the type of operand to avoid building a
structure that does not fit the farmer’s future ngdtnitoba web). The type of operation,
whether wholesale or retail, will determine the typee, location and layout of the
greenhouse (Manitoba web). The guide then discubsedifference between these two
operation types:

a retail operation needs to consider factors suchcagion, proximity to a
large market, zoning, health regulations, retailngge signs, accessibility,
liability insurance, good roads, customer parking, dadilities to

accommodate the public. A wholesale operation is #eggendant on a
prime location, however, proximity to market needs tadresidered when

determining transportation costs. A wholesale operaisn limits the type
and variety of crops grown and limits the marketing bik{toba web).

32



The Manitoba publication further advises developingumddusiness plan (Manitoba
web). Within the business plan, a marketing strateggveldped which should consider

the following points:

a) Research your customers. Know what they want and Wbgmant it.
b) Determine what is available in your area and who isymiadg it.
c) Identify niche markets.
d) Determine the type of outlet that best suits yourgpeisability and
services the identified needs of the area. (WholesaRetail)
e) Determine your ability to produce for the market at amehat covers
your expenses.
f) Determine how much time you are willing to spenchis bperation and
be prepared for unforeseen situations. (Manitoba web).
The Manitoba publication clearly combines marketing @ndiness operation type to
inform the site selection and greenhouse design.

The West Virginia University Extension Services asggest that the type of business
operations, whether wholesale or retail, is a sigmfi¢actor in the site selection process.
Retail operations require a location on a well-travetad, near major highways or within
20 minutes of consumers since proximity to customeneases customer traffic, whereas
wholesale operations should be located where zonimgctiesms will not limit expansion
of the operation (West Virginia University web). Kk also adds that a retail greenhouse
should be visible to customers from at least 200 feet (3).

A University of Arizona Controlled Environment Agritute Center (CEAC)
publication describes a community profile to be assdprior to selecting a site that goes
beyond business planning and marketing strategies. ommainity profile should be
gathered for potential sites from the city or arear@ber of Commerce (Rorabaugh,

Patricia A., Merle H. Jensen, and Gene Giacomell8)11The information reveals local

considerations that affect long-term planning. The @ratiould contain:
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-Community background information: location, elevatiastdry and
weather

-Population, employment structure and labor force inftona

-Growth indicators, principal economic activities andgarty tax
information

-Available properties, financing, transportation, commatioais and
utilities

-Government, medical and educational services

-Listings of area churches, recreational facilities andifapg

-Area attractions including scenic parks, drives, &istoric sites, annual

events, etc. (Rorabaugh, Patricia A., Merle H. JensehGGane Giacomelli
11-3).

Once this information is available, the University of Ariz&BAC suggests 12 factors
to consider for selecting a greenhouse site whichimgliease the chance of a successful
operation and business: 1) solar radiation, 2) wateg|e®¥ation, 4) microclimate, 5) pest
pressure, 6) level and stable ground, 7) utilities;o8ids, 9) north-south orientation, 10)
capability of expansion, 11) availability of labor, ari®) management residence
(Rorabaugh, Patricia A., Merle H. Jensen, and Gene Galttdrh-2 — 11-3).

Also from the University of Arizona CEAC, Giacomeltids to the set of site selection
factors that the land should be well-drained and lewel,have access to roads for transport
of materials and products (web). Utilities suchfael, electrical power and telephone
should also be readily available and sufficient qixaefi good quality water is a necessity
(Giacomelli web). In laying out the site, Giacomeilliggests planning for a greenhouse
range to make the most efficient use of the availgfpee by “beginning with a small, but
complete, free-standing greenhouse unit, which readsy Within a plan for future
additions to this initial unit, or with modular bkx of separate, larger greenhouses”
(Giacomelli web). Tse also advises to include extnal Ispace in the planning to cater for

possible future expansion (8).
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Bartok provides a useful comprehensive list of factorsanyone starting a small
commercial greenhouse or adding to an existing facilitysiemarizes the considerations
for the entire planning process, from site selectothé¢ site layout and greenhouse design,
for a successful project. The factors are presentedgeneral order of importance. For
Bartok, the most important considerations for sitect®n are: adequate land, high quality
water, orientation, topography, road accessibilitjiitias, and regulations (354). Bartok
also provides a list of site layout factors that@esented in order of importance: facilities
master plan, parking and access, storage, and producas(865).

The greenhouse design is considered next in Bartok'segsp because “a key to
successful production is a well-designed greenhouse gatid space utilization and
accurate environment controls” (355). The factorgreenhouse design are: glazing type,
layout, germination rooms, and whether the structar¢oi be free-standing or gutter
connected (355-356). Greenhouse design also requiresirgafor a controlled
environment which should consider: heating and cooling,rggneconservation,
supplemental lighting, controls, irrigation, and pede and fertilizer storage (Bartok 356-
357).

Bartok’s guide proposes that there is a general pracdss followed in planning for a
greenhouse: once a site is selected, an analysig aitthis to be performed and then an
analysis of suitable greenhouse designs is to be pedorme

Tse uses schematic-level diagrams to illustratefisessment of site opportunities and
constraints and help determine the location and typgre¥nhouse construction that is
most suited for the site. His diagrams document lgtalatic factors, such as solar

exposure and wind patterns, and demonstrate how thweyaffect the location of the
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greenhouse and the overall master plan of the site.figlme 6, Tse illustrates the
importance of positioning the greenhouse on the sigenon-shaded location, out of the

path of wind funnels caused by adjacent buildings, aneégeut by natural windbreaks:

Good position.
Greenhouse is away from the
shade cast by trees and buildings.

Poor position.
Greenhouse lies in the shade &
and it is also affected e
by fallen leaves. 25

w Shelter from the
; prevailing
¥ wind.

of wind funnel. Wind funnel created by two
adjacent buildings.

Figure6: Tse’s diagram of site layout factors and corrémtgment of a free-standing greenhouse (9). Color

has been added for clarity.

Figures 7a and 7b show Tse’s illustrations of sddiation studies that demonstrate
proper greenhouse orientation based on latitude, seasagpeenhouse operation, and
greenhouse style. He suggests that greenhousesdi@taiee 40 degrees south latitude
and/or greenhouses used mostly in the summer showddrged north to south to make
the best use of the higher sun angle (figure 7a). He alsises that this north-south
orientation is preferred for sawtodtigreenhouses at all latitudes (Tse 7). For greenhouses
below 40 degrees south latitude, Tse suggests dr@ntaith the long side running east to

west to take advantage of the lower sun angle as simofigure 7b (7).

19 See figure 11 for illustration of sawtooth greembm
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The sun's course in spring
The sun’s course in summer

w

Figure7a & 7b: Two demonstrations of a daylighting analysis. Titst diagram illustrates optimal
greenhouse orientation for sawtooth greenhousaslatitudes. The second graphic shows optimal
greenhouse orientation for year-long greenhousgygtmn in locations below 40°S latitude (Tse 8).

Tse also suggests avoiding areas that are shaded bggesisuctures on the site for
the greenhouse location. Ross, however, demonsthetasse of schematic diagrams to
verify where shading occurs. This helps to ensur@tbger placement of the greenhouse
on the site in non-shaded areas. As seen in figur@s}s Rustrates summer and winter

shading issues caused by a structure near the greenhouse:

m

Figure 8: Example of an annual site shading assessmentdiegrin elevation (Ross 2).

Ross discusses locating a greenhouse on a sitexigting shading structures in more
detail than Tse and provides recommendations foreakedptions available depending on
the site constraints. For example, his first chaitication is the south or southeast side
of a building or shade trees (Ross 1). He reasonsbatast side provides the most
morning sunlight and sunlight in the winter months and sopreferred for optimal plant
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growth. If the east side is not available as a gragsehtocation on the site, however, the
next best location is on the southwest or west sideagdmstructures (Ross 1). The least
desirable location on a site, he argues, is on thé sate of a major structure unless the
crops require very little light (Ross 1). While Tse and Rypsmto different levels of detail
regarding locating a greenhouse on the site, they #greéhe natural load factors such as
wind and solar exposure, as well as drainage, affectsite layout design and overall
master plan.

Kessler offers a different approach for planning the lsiyout. He uses the type of
business, whether wholesale or retail, to determine djpeut of the site and almost
completely neglects natural load factors. He sugge$n a wholesale production
greenhouse, the primary factor to consider in arrangadfdings and equipment is
materials flow and how it impacts labor utilizatiand future expansion” (Kessler 4).

Kessler’'s layout of a wholesale facility would look lilkest

Greenhouse ] Greenhouse

. Order _—
Receiving Production Staging Shipping

E—

Figure9: Site plan for the arrangement of a wholesale dregse and support facilities (Kessler 4).

The wholesale arrangement is different from the Ireetause “materials flow is also

important in a retail operation, but customer mowaimand access are also critical”
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(Kessler 4). The materials flow considerations heviges for retail are pragmatic; he
recommends analyzing how the product gets from the dgliveck to the consumer’'s
vehicle (Kessler 4).

Once the site layout is planned, most of the liteeasources follow with discussions
on greenhouse style and structure (see Bartok, Budidissler, Ross, and Tse). There is
evidence that the structural design choice should bsedbaon industry-standard
construction types because “there has been little ehamgthe design of the basic
greenhouse structure over the last decade” (JensernT4é)asserts that the most common
greenhouse framing materials are wood and especially alumihich i8 superior because
it is strong, lightweight, and affordable (12). Soofi¢he most common greenhouse types

are presented below:

Fig. 3c‘Sawtooth’ greenhouse Fig. 3d Tunnel house

Figure 10: Framing illustrations of typical “A-frame” or “ewespan” greenhouses, the attached “lean-to”
greenhouse, the “sawtooth” connected greenhoudeharitunnel” or “Quonset” greenhouse (Tse 12-13).
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It is important to note that any of the reviewed @cted greenhouse structures can be
part of a turnkey package customized to the grower'ssneélese packages have become
increasingly popular and offer total systems of thetqeted structure, hydroponic and
support systems, and often include consulting and niagkagreements (Shreshtha and
Dunn HLA-6442-4). These packages can guarantee alpgirawing environments in any
of the protected structures for using new, highlycedfit, food production technologies.
Therefore the review focused on how the greenhousectste aesthetically and
functionally fits into the context of the site ratherrth@viewing interior environmental

controls and space planning issues.

Barrier Category Factor Reference

Geography

(Tse 6-9), (Ross 1-2), (Fitz-
Rodriguez 15), (Jensen HS775),
(Rorabaugh, Patricia A., Merle
H. Jensen, and Gene Giacomelli
11-3), (Giacomelli web), (Bartok
354), (Kessler 4)

(Tse 6), (Jensen HS775),

Topography, Orientation, Climate, Land
Physical| space for future expansion, Solar
radiation, Elevation, Wind patterns

Accessibility, Future land use (Rorabaugh, Patricia A., Merle
Human| predictions, Regulations, Community | H. Jensen, and Gene Giacomelli
history, Available properties 11-3), (Bartok 354), (Kessler 3-
4)

Economics

Space versatility, Vulnerability to storm
damage, Grower expectations, Grower
experience, Size and number of
greenhouses, Crops to be produced, Ty,
of production system, Availability of
supplies and support services,

(Donnan web), (Giacomelli
web), (Hochmuth et al. HS767),

orabaugh, Patricia A., Merle
H. Jensen, and Gene Giacomelli

Availability of labor, Pest pressure 11-2 - 11-3), (Bartok 356-357),
- X ' (Ross 1),(Kessler 1-12), (Tse 7

Management residence, Environmentd|l

controls, Energy conservation, Seasons

of operation

Production

(Donnan web), (Hochmuth et. al.
Target market, Marketing methods, HS767), (Manitoba web),

Distribution Delivery vehicles, Packing facility, (Rorabaugh, Patricia A., Merle
Operation type, Road access, Storage| H. Jensen, and Gene Giacomelli
Materials flow 11-2 - 11-3), (Giacomelli web),

(Bartok 355), (Kessler 1-12)
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(Dalrymple 5), (Shrethsa and
Dunn 4), (Donnan web), (Tyson
Capital costs, Operating costs, Viability, et al. 6), (Rorabaugh, Patricia A,
Property taxes Merle H. Jensen, Gene
Giacomelli 11-3), (Ross 1),
(Kessler 1-12)

Finance

Built Environment

(Tse 6), (Donnan web),

Water supply, Site plan layout, Ease of (Rorabaugh, Patricia A., Merle
Site Infrastructurg construction, Utilities, Parking, Existing| H. Jensen, and Gene Giacomelli
structures, Headhouse 11-3), (Giacomelli web), (Bartok
354), (Ross 1-8), (Kessler 1-12

Figure 11: Table of barriers to greenhouse and CEA planaijthe associated factors to be considered.

Planning for Adaptive Reuse of Existing Building Stock

Currently, abandoned and underutilized structures inagigshave an impact on the
urban landscape. Real estate market reports for egas/show that the industrial and
commercial real estate markets have growing vacammgeptaged. Further, the
American Institute of Architects (AlA) ArchitectufBillings Index for July 2010 shows
that billings have not reached growth threshold for ntiba& a year (Riskus web, Baker
web). This has forced architects to diversify tloégntele and search for specialty niches
in the construction industry and as Cortese observesjoti8e specialty niches, some
architecture firms are banking on commissions to reftirbr adapt existing properties, in
lieu of new construction” (13).

According to Reiner, existing building stock has been dneun most neglected
resources (ix). Contemporary architects also agraettiere is great opportunity in the

existing building stock (Cortese 13). This is espBciabe because of the lack of new

%0 See page 10 for further discussion about the muti@s Vegas economy.

41



construction projects, a growing number of vacant lmgkl and the increasing amount of
literature promoting the benefits of adapting existingdoogs.

Some of the suggested advantages of building adapiathrde: economic benefits
due to lower construction and demolition costs, @mvitental benefits due to a reduced
amount of new material use and of waste generatedsauial (or architectural) benefits
due to the preservation of our built heritdg®ouglas 36-38, Watson 218-219).

Adaptive reuse of existing building stock can thrive tie current construction
recession and help to create a more sustainable uristépe. In fact, one of the leading
voices in building adaptation contends that, “Adaptingdmgls is an important component
of any sustainability strategy” (Douglas 46).

First, Douglas clarifies what is meant by “building @tdéion”:
In general terms adaptation means the process oftadjoisand alteration
of a structure or building and/or its environment tb dr suit new
conditions... it is also considered as work accommodatiamge in use or
size or performance of a building which may include alteratiextensions,
improvements, and other works modifying it in some wigy (

After Douglas provides a background on building adaptatigrich include pros and
cons of adaptation, reasons for vacancies and buildingesiosoice, and the different types
of adaption that can be performed, he provides a lidivef key requirements for a
sustainable property that should be considered in thaatetisadapt any building:

1. the building should have a long life (i.e. be durablkeresist wear and
tear);

2. it should have a loose fit (i.e. be adaptable — toracemlate future
changes);

3. it should have a low [sic] energy consumption (i.ehkemally efficient

— low running costs);
4. it should be wind and watertight (i.e. be weatherpy@oil

L See Douglas and Watson for complete discussiotisednenefits of adapting existing building stock.
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5. it should provide a secure and healthy indoor envirahfhe. be
comfortable) (Douglas 41).

Next, Douglas discusses means of ascertaining thebifegsof adapting buildings
(48). He offers three primary feasibility factors to considehe preliminary evaluation of
a building for adaptation: viability (economic fealtp), practicality (physical feasibility),
and utility (functional feasibility) (Douglas 48).

Viability is usually the deciding factor for adaptingbailding. It is assessed by
comparing potential value with project costs becatiseay be technically and legally
possible to adapt a building but at a prohibitive d@xtuglas 48-49). Practicality is
concerned with the building being “capable of adamtatvithout major or long-term
disruption to either its use or its structure andi€dt§Douglas 52). Douglas also proposes
that many times practicality is influenced by the eixtérihe access required for the work;
for example, congested urban sites are more complex t¢5#an Utility, as described by
Douglas, is concerned with providing a building thas fihe occupants’ needs while
minimizing wasted underused space without overugiegavailable space (52). He also
suggests planning for possible future changes is aliitgissue (Douglas 52).

Douglas suggests the type of construction of a buildisg helps determine feasibility
whether it is traditional or modern construction waglve a large impact on its potential for
adaptation (Douglas 58). He points out that tradél construction may not have readily
available drawings of the existing building conditionsl amformation on old or obsolete
construction methods may be difficult to find; whese'as-built” drawings are usually
available for modern buildings (Douglas 58).

Once the construction type is assessed, Douglatists adaptation issues that need

to be addressed for a thorough understanding of the building. Tthesedaptation issues

43



are: site usage and density, layout and configuration, thdirmid adaptation potential, the
purpose of the adaptation, economic factors, spaerdls, and pest control (Douglas 61-
64).

Douglas summarizes the main stages of the process oiggettknow the building:

-inception: the client’s decision to adapt a buidiafter all options have been
considered;

-reconnaissance: part of the general physical déserimcluding the physical and
spatial contexts of the building;

-feasibility: consideration of the economical, technaad legal implications of the
proposed adaptation;

-desk-top survey: examination of oral and textual miron about the building
which should be performed before the site survey is ntaddEn to prepare the
surveyor more fully for the site survey;

-on-site survey: inspection of external and exterior canmditand may also include
a measured or dimensional survey of the property bbuds-drawings are not
available;

-structural appraisal: appraisal of the building byualifjed professional prior to
adaptation that typically includes inspection of thessuigture, walls, floors, roof
structure, and chimneystacks;

-diagnostic survey: a strategy to determine the exteahypfproblems found in the
structural appraisal by using specialized equipmentexithiques;

-evaluation of options: consideration of condition of tbailding, spatial
configuration, rental potential, and functional suiigbare evaluated to determine
the extent to which the building can be adapted; and

-proposals: after an adaptation strategy has been chosgn gesposals of the
scheme can be drawn up and estimated (67).

Douglas also offers a useful list of constraints that faund in his “Preliminary
Considerations” chapter. These constraints includetiagpgechnical, legal, financial,
temporal, and environmental constraints, as wedliast property requirements, physical
site constraints, and value-added tax implications (Dou@sl).

The categories Douglas uses to describe the differags wo enlarge a building’s
volume add depth to his method. He defines threetaiitays: lateral extensions which

enlarge the building’s volume horizontally (186); vatiextensions which addresses the
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construction of a roof space adaptations or other faimeertical extension (232); and
structural alterations which includes any changes ¢osthuctural characteristics of a
building such as removing a wall or adding structur)2By going through this process
before any adaptation work is undertaken assures thhtfaetor has been thoroughly
evaluated and the decision can be made on the buildapgtation. If the building is

suitable, an architectural proposal is produced.

Similar to Douglas’s method, Watson identifies his disnof key issues to evaluate in
determining whether a building should be adaptively reus&ccording to Watson, the
task of the surveyor is to provide the client with ddwg that will meet their needs and
keep the total project cost to a minimum (Watson 22®)e surveyor should first establish
the needs of the client, perform initial feasibilgyudies, and use the decision-making
modef? (Watson 220).

If these steps are performed and an adaptation optitimeisesult of the process,
Watson provides a comprehensive list of key issuée taddressed for building adaption:
building suitability, building structure, condition dduilding, aesthetics, project brief,
sustainability, legal issues, and change of use (222). Watstrwspecial considerations
help in assessing a building’s potential for adaptatioce a site has been chosen because
they have been organized and are asked after thal ife@sibility study has been
performed.

Reiner's book is dated but it offers a valuable sacta locating a property for a
specific use that was absent in the other literahatwas reviewed. He advises that when

the property is not known, the consultant must go thrahg additional steps of area and

2 See Watson pp. 221 for diagram of the decisionimgatkodel.
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neighborhood surveys (Reiner 34). He further advisesake a survey of buildings in the
appropriate locations in order to find the right buildiogthe specific purpose (Reiner 34).
Reiner suggests a team consisting of a real estatiltamt, architect-engineer, and
construction contractor be formed to effectively lo@asite for adaptation. The real estate
consultant and broker adds knowledge about the mankkprices and also movement and
activity in the locations under consideration (Reiner 3fhe architect, he suggests, must
perform the aesthetic evaluation in which the buildsngxamined “to make sure the size,
shape and architecture (or external appearance) wpldasing to the client... and also
study the zoning and building codes” (Reiner 34). nBeithen explains that the
construction contractor’s duties are to look over shoulder of the architect as the design

proceeds and seek structural and mechanical comptdtiprovide advice and budgetary

estimate$’ (34).
Barrier Category Factor Reference
Geography
Physical| Physical site constraints (Douglas 78-81)
Legal constraints, Change of use issugs(Douglas 78-81), (Watson 222),
Human ; .
Zoning codes (Reiner 34)
Economics
Running (energy) costs, Economic
Finance feasibility, Source of finances, Value- | (Douglas 41), (Douglas 48),
added tax implications, Real-estate (Douglas 78-81), (Reiner 34)
market
Built Environment
Building adaptability, Physical (Douglas 41), (Douglas 48),
feasibility, Functional feasibility, (Douglas 58), (Douglas 78-81),
Existing construction type, Spatial (Watson 222), (Reiner 34)

Site Infrastructurg constraints, Client property

requirements, Adaptation type, Building
condition, Aesthetics

Figure 12: Table of barriers to building adaptation andaksociated factors to be considered in the plarpriogess.

% In current architectural practice the architectildaypically seek the services of structural arethanical
engineer consultants.
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Summary

The UA community has done well in documenting obsons on the success or
failure of previous UA projects. Scholars seem tgéasicularly concerned with factors
for total project integration into the surrounding urlgeosystems. Many of the reviewed
methods for finding sites are particularly useful daveloping an urban food project
because they show how past projects have addressedsiaesl is

The controlled environment planners showed more corfoerintegrating the project
into the surrounding urban market. The literatureplamning for a greenhouse or CEA
project revealed a more pragmatic approach to thesslection and design process which
was heavily influenced by efficiency and cost factdighile there was a lack of literature
on the important architectural factors to be considesen designing greenhouses
specifically for urban locations, there is no lack of designdture on factors to consider in
planning for a functional greenhouse.

The adaptive reuse literature was unique because itcaaserned with issues in
urbanism and cost. The factors to consider in sete@nd designing a building for
adaptation, however, are more focused on assesgniuilding. Few methods for site
selection were found in the review, and the ones thatfeengl were very general.

The literature review revealed a common general esezpi of considerations in the
planning of all the project types: 1) define the scope @ftioject; 2) select a site; and, 3)
design the site. The considerations reviewed througtroutde a large pool of factors to
analyze and organize in answering the research questubich planning factors need to
be considered in locating a site and deciding on gulésr UA, greenhouse, and building

adaptation projects? The literature also provided msigo which planning phase the
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architect’s role is most important in each of thecglilines; primarily in the site design
phase of each. The following table categorizes napb barriers and associated factors
discussed in the literature review according to wtibey fit in the observed planning

process sequence:
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Phase Barrier Factor Source) comment/ Observationl
Project Scope
Geography Ié?nd availability, UA, CEA Defjning the scope of thd
imate project is heavily
Type of operation, influenced by local
Funding, Knowledge and constraints and resource
skills, Grower UA, CEA, | Assessing these factors
Economics | expectations, Market Adaptive | should result in an
demand, Availability of Reuse | inventory of potential
supplies and support sites and a preliminary
services business strategy.
Built Client property Adaptive
Environment | requirements Reuse
Site Selection
Land suitability, Land Factors considered in th¢
tenure, Land UA CEA site selection phase helg
G accessibility, Space for ' ~ " | determine which of the
eography f . Adaptive : o
uture expansion, Future Reuse available sites is best
land use predictions, suited for the proposed
Physical site constraints project. A preliminary
Access to markets, analysis of the site’s
Availability of labor, Pest| UA CEA potential shogld be
Economics | Pressure, Management A d’aptive’ performed_ using facf[ors
residence, Road access, Reuse from the disciplines in
Property taxes, Real- the literature review.
estate market This preliminary analysig
Water access, Existing should result in the
Built strL_Jc'Fures, Utilitie_s_, UA, CI_EA, S_electiqn of a potential
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Building condition design phase.
Site Design
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Figure 13: Table of reviewed barriers and factors for comsition. Each has been assigned to an
appropriate planning phase. The bold type sighifibich phase the architect’s services were obddao/be
most needed based on the reviewed planning angindésrature.
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CHAPTER 3
CASE STUDIES
Introduction
The case studies serve primarily to illustrate a range gflyhiproductive building

integrated turnkey systems and to provide insight into the planninglesign factors
that are important for each type. The various production systaois leave unique
characteristics that act as constraints or opportunities for application in the urban
landscape. A review of the available literature on the proposeénsyswill be
summarized and then evaluated for factors to be considered in plannirdesigd.
Factors that were found in the literature review were useddnae the cases. These
factors included:

1) cost of system

2) agriculture production intensity

3) greenhouse structure requirements

4) greenhouse style

5) system spatial requirements

Additionally, observations of any unique factors were documented umgiiigen

descriptions and illustrations as needed for each production system.ideCatnsns
related to the greenhouse production system were evaluated fassbezach system has
significant formal differences and integration issues thatciatlee site selection and
design of the BIA project. More importantly, assessing thenfimese production
system and reviewing the available literature on each casseded insight into which
building types are best suited for the system. Once suitable nguilgpes are

determined, UA factors found in the literature can be considerddasuthe land issues

of availability, accessibility, and usability (suitability) agell as building adaptation
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issues found in the literature such as construction type and &=sthefThese
considerations help to inform the discussion about the potential impaitte oBIA
production system on the surrounding urban landscape.

Following the case studies, the collected data is then reviewregatterns of
important common factors as well as any significant diffegsrfound in considerations
for their planning and design.

The case studies presented in this chapter includevetttically integrated greenhouse
(VIG), the rooftop greenhouse, and the mechanized goeeeh Each case examined for
this project is an example of a type of BIA system selacsety the following criteria: it is
available as a turnkey system; it is able to be frigd to the exterior of a building; it
produces healthy food at a commercial scale by wesitant food-production technologies;
it uses all natural lighting — a true greenhouse Bysiteutilizes vacant vertical space; it is
reasonably pricéd and credible literature about the system was aviail Using these
criteria helped in choosing comparable systemsHerstudy but the chosen cases only
represent a small sampling of commercial-scale BIA ptofgpes currently being

proposed in the United States.

Vertically Integrated Greenhouse
In 2007, the Vertically Integrated Greenhouse (Vi@s designed and developed by

Kiss + Cathcart, BrightFarm Systems, and Arup (Kiss ath€art web). This

24 Cost of the system is important because it héipsctient choose a realistic BIA system. “Reastynab
priced” will be defined as a commercial-scale teylproduction system that costs less than fiveianill
dollars. This sum is proposed to be realistic wt@mpared to vertical farming proposals that agellsgly
estimated to be in excess of 20 million dollarsdastruct (Ensha web).
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multidisciplinary team represented the fields of legal engineering, plant science,
architecture, and HVAC engineering (Caplow et al. 3).

The VIG is a fagcade-mounted system that uses patewecal mechanized
hydroponic technology (PCL) which is integrated into a doubleakitain wall system. It
is for installation on new high-rise buildings and paitgly as a retrofit on existing high-
rise buildings with adequate southern exposure (Kiss kc@dtweb).

The system is intended to take advantage of the akewiarfaces on ever taller
structures to bring nature to the built environmensgk Cathcart web). The 2020 Tower
designed by Kiss + Cathcart, Architects illustratess the system is integrated into the

south-facing wall as seen by the exterior and interior rergiebelow:

PCL units

Gap between PCLs for
full view

Harvesting Floor

Ki hcart, Architects
44 GOURT ST. TOWER ©
BROCKLYN NY 11201

tel 718237 2786
Iax 718 237 2025
o t

Figure 14: Rendering of VIG modeled on Kiss + Cathcart, Atettis 2020 Tower (Caplow et al. 7).
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Figure 15: Interior view of a VIG (Caplow et al. 3).

The VIG is unique because it is not only highly prdokes it is also engineered to
reduce building maintenance costs by providing shadetreatment, and evaporative
cooling to building occupants (Caplow et al. 3). Théfeing section and detail diagrams

illustrate how the VIG is integrated with building srsis and controls daylight (Kiss +

Cathcart web):
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Figure 16: Arup’s section diagrams showing the VIG’s mechedimtegration with building systems
depending on the season and climate (Kiss + Catived).
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1) cost of system

$2260 per m? is the estimated total capital cost which includedahigle skin
facade at $2150 per m2 and the PCL growing system at $110 perapid\Cet

al. 7)® Caplow et al. also provided an estimated operating cost of $54 per
vertical m2 (7).

2) agriculture production intensity

Expected crop yields for a 50-story (125 m) VIG are 4,444 kg per fitéavfarea
per year® The VIG system maximizes vertical growing area by usinvgrtical
mechanized growing system but this system also limits the choiceps @ low-
lying hydroponic crogs.

3) greenhouse style

The VIG is housed in a double skin fagcade greenhouse style which can be
considered an adaptation of the vertical mechanized greenffouse.

4) greenhouse structure requirements

A retrofitted VIG can be categorized as a structural atitem. It is a facade-
mounted, modular, glazed double skin vertical curtain wall. lastal is for
south-facing walls. Optimizing the structural desi¢the curtain wall needs to be

completed (Caplow et al. 9). Structural engineering caiounka are critical for
the installation of the VIG and double skin curtain wall fagade.

5) system spatial requirements

% This estimate is based on new construction daskiteed facade costs in Europe (Caplow et al. 7).

% According to figures for the 2020 Tower, a 60 ndevby 1.5 m deep double skin fagcade system the ris
50 stories (125 m) is able to produce 400 mebies (400,000 kg) of food per year using 135 PCL
growing systems (Caplow et al. 8). In the samilartCaplow et al. provide an estimated production
intensity of 37 kg per m? of vertical growing ariea the VIG but no other details about this estienat
were available so the figure could not be used (8).

" Dalrymple advises that the vertical mechanize@mgieuse is most useful for shorter hydroponic crops
such as lettuce and strawberries that use litthtice¢ space, as opposed to tall climbing planks li
tomato plant (37).

% The VIG is similar to the vertical mechanized grieeuses described by Dalrymple. These systems have
been in use since 1924 (Dalrymple 39). This greasé style and construction for Dalrymple’s
example, however, was not discussed in the litezataview because it was not widely cited as a
common greenhouse type. Dalrymple’s book was phétl in 1973 and even at this time the potential
of growing crops vertically was understood; shegass that, “the greater use of vertical space and
mechanization will be an increasingly important teain the future” (37).
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A glazed curtain wall (a “double skin”) is locateds Im outside the southern
building facade (Caplow et al. 4). This configurationatee a vertically

continuous void for the PCL growing system. The modulean wide and can
rise as high as 10 or 20 stories each (Caplow et ahdlKiss + Cathcart web).
Expansion of the greenhouse is mostly limited by abiglaertical area on the
south-facing facade. The headhouse and working spaptafding and harvesting
at the bottom of each VIG module also require spaamenphg as seen in figure 18:

~_—

—

harvesting floor

harvesting bins and
germination trays

PLANT CABLE LIFT (PCL) SECTION

Figure 18: Section diagram of the VIG and working area atitage of each module
(Caplow et al. 5).

Caplow et al. propose that the VIG is applicable tooad range of buildings (6). The
vertical emphasis and size of modular units, however,estighat VIG would be best
suited for a modern steel construction high risedng of 10 stories or more, such as an

office building or a mixed-use project that may alrehdye a curtain wall system. Even
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though the VIG is described as lightweight, the stmattioads created by the double
skinned curtain wall system will require signifita@ngineering of the lateral and vertical
support structure. These building construction qualitieslimmat the building inventory of
available spaces. It could be argued, however, theatcdnt buildings are available for a
VIG, the aesthetics could have a profound visual impacthen surrounding urban

landscape. Therefore, a highly visible urban structurddnmeipreferred.

Rooftop Greenhouse

Rooftop greenhouses are intensive hydroponic greselounstalled on top of
buildings. Installing greenhouses on roofs is also knaw rooftop farming. There are a
few young entrepreneurial companies offering these turmkeftop farms but Sky
Vegetables was found to have the most resources avdoabéview. Sky Vegetables was
created by Keith Agoada and first introduced as theer of the 2008 G. Steven Burrill
business plan competition. The winning business plapgsed placing greenhouses on
top of grocery stores.

The Sky Vegetables team *“brings together experts in lassirdevelopment,
construction, green building design and sustainadpiewdture practices” (Sky Vegetables
web). There is also a supporting Scientific Board ofigats with “expertise in the fields
of urban gardening, hydroponics, aquaculture, green bgildesign and construction”
(Sky Vegetables web). The team of advisors prowadsable insight into the technical,
business and engineering aspects of sustainable rooftoplage (Sky Vegetables web).

This food production system exploits the often-overlooked potential of rooftop

growing space by producing fresh crops “year round in a spededigned hydroponic
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greenhouse array, tailored to fit rooftop real estate” (Skgetables web). The system
also utilizes video feeds for off-site crop monitoring. A sch@mandering of the Sky
Vegetables rooftop hydroponic greenhouse and monitoring system isydsmphafigure

19 (Sky Vegetables web):

Figure 19: Conceptual rendering of the Sky Vegetables rodfaiyoponic greenhouse and video monitoring
system (Sky Vegetables web).

According to Agoada, the Sky Vegetables system is Bigithtegrated Sustainable
Architecture (B-ISA). Their system integrates amiper of sustainable building
technologies into production agriculture and this esagky Vegetable’'s B-ISA a unique
case study selection. In the diagram below, thevatlg systems are shown: greenhouse
crop production, video monitoring, photovoltaics, vertamposting, wind energy

production, and rainwater collection (Sky Vegetables)web
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Figure 20: Conceptual rendering of the Sky Vegetables foodpetion system. Fully-integrated
sustainability features are incorporated. Thelémse gray building is effective in conveying tlystem’s
flexibility (Sky Vegetables web).

This business is currently still a proposal but has moved closein fiealized; they
have received permission from the Brockton, Massachusetts planningnusmatb
locate their signature project above a vacant former shoeryast a violent and
underprivileged community. The proposed facility, seen in figure 2ll¢caier 440,000

square feet and produce 300-400 tons of food per year (Bolton web).

Figure 21: Conceptual rendering of the Sky Vegetables prdgosthe first full-scale, commercial facility.
The building is a vacant former shoe factory ind&ton, Massachusetts. The facility is estimateprtaluce
up to 400 tons of food annually (Bolton web).
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1) Cost of system

$134.55 per m2? is the estimated total capital cost for a commercial Skiallege
facility?®. No figures on the growing system cost or the operating cest w
given.

2) agriculture production intensity

Expected crop yields using traditional hydroponic growing equipmen8.& kg

per m2 per year of facility roof aréa.Images, such as figure 23, reveal the use of

traditional hydroponic growing equipment in rows. The rooftop greenhoase
the benefit of requiring no real-estate outside of the building footprint.

3) greenhouse style

Attached even-span greenhouse.

4) greenhouse structure requirements

Rooftop greenhouses can be categorized as vertical extensions yhazilyt
have “greater constructional and structural implications than dtrens of
additions to buildings” (Douglas 232). The structural integrity of the existiol
is therefore an important consideration when choosing a building.

greenhouse structure is an even-span greenhouse for roof imstallaThe

headhouse and the heavy hydroponic equipment it houses are instaltat-on |

bearing exterior walls as seen in figure 25.

5) system spatial requirements

929 m? (10,000 ft?) is the minimum roof area required for a Sky Vegstabl

system. The system will also require uninterrupted roof spdale the crops
are grown within the greenhouse in a specially designed arragrébahouses
seen in the available renderings appear to be proportional toltgpacal-alone
greenhouse construction types which range from 25 to 35 ft wide andl28 fo

9 This sum is based on the proposed Brockton, Mhssaits facility which is estimated to cost $5 il
to complete (Bolton web).

30 A conversion of Ibs. to kg. and ft.2 to m? wasfpened for comparison to yield data provided in ttieer
cases. In Bolton’s article covering the first coenaial-scale Sky Vegetables installation he suggest
facility will be approximately 440,000 ft.2 and Wdroduce up to 400 tons of food annually (Boltoab)v
Converted, the facility is 40,877.3 m? and produges$o 360,000 kg annually. It should be notex this

calculation was performed without knowing the patage of the facility that is greenhouse space

compared to space used by the integrated sustaibaitdiing systems.
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long3' Roof access and space for the integrated sustainable buidiegis also
require spatial planning. The use of non-mechanized production syatems
requires additional space for interior greenhouse pathways. Spamestt/
limited by the available roof area.

The Sky Vegetables rooftop farming B-ISA model was originatifended for
installation above grocery stores, but more recent comments dgdAguggest that the
system can be applied to a broader variety of underutilized buildmgke urban
landscape:

We take underutilized space in urban areas and grow tftere, creating
green jobs, providing access to fresh produce, locglitha economy, and
creating a better life by building communities throggbwing vegetables
(gtd. in Makower web).

The rooftop and access construction needed, however, suggest IBati8-more
limited. Structural engineering will be required to support tlded weight of the
greenhouse and building systems and therefore an overbuilt existiotust would be
preferred. An example of this building type is the vacant indudbidding Sky
Vegetables chose for the Brockton, Massachusetts installation. Aoptien would be
to find a more widely available building that is affordable endogbffset the additional
construction costs of rooftop farming.

The visual impact of the Sky Vegetables rooftop farm will berdeihed by parapet
heights and approaching views into the site. Taking these factorsonsideration will
help to make the greenhouse more noticeable, otherwise the rooftopnggrrmanly be

seen by those that have access and have little to no visualtiompalee surrounding

urban landscape - a wasted opportunity.

31 See Hochmuth et al. HS776.

61



Mechanized Greenhouse

Mechanized greenhouses use conveyor technologies ofstdatrolled environments.
There are many types of mechanized greenhouse growstgns but the company
Valcent Products Inc. offers the patented Verticropkiely system which is described as a
High Intensity Vertical Growing System (HDVGS). Vahte Products Inc. is
headquartered in Vancouver, British Columbia withceffi in the U.K. The company also
consists of Valcent Products (eu) Limited, which Buaopean subsidiary responsible for
sales and marketing. The company is well-recognigexdleader in sustainable agriculture
production with endorsements from members of the Kéyrfamily and accolades from
Time Magazine as being one of the best inventions ofg¢ae(Valcent web).

The HDVGS is an especially intensive production sysieine installed in controlled
environments such as greenhouses, poly tunnels, ohowmes (Valcent products eu Itd.
3). The system grows plants “in a vertical planespecially designed trays suspended
from an overhead track. This allows the trays toteote a closed loop conveyor and in
the process pass through a feeding station which prowedts and nutrients” (Valcent
products eu ltd. 3). The HDVGS maximizes its use ofttial growing area within
standard greenhouse structures by stacking vegetaditinally as seen in figure 22. The
significance of this system in making use of underetligreenhouse growing area is
illustrated in the comparison chart figure 23. Tomveyor system also helps increase

production intensity by evenly distributing sunlightiancreasing airflow for the plants.
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Figure 22: This image shows Valcent's patented HDVGS, VeasticfValcent web).
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Figure 23: This table shows potential growing area for déferHDVGS models
(Valcent products eu Itd. 10).

Verticrop is able to be installed in a variety ohtrolled environments; Valcent is even
developing a model to be housed completely inside gftadandustrial buildings and rely
entirely artificial lighting (Valcent products eu Itd4). For the purpose of this study,
however, only the basic greenhouse HDVGS application bveliconsidered because it
would be able to utilize the abundant sunshine inMegas. The system reviewed in this

study is based on Valcent’'s descriptions of its basitisfop model and analysis of limited
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photographic documentation of the greenhouse stylestancture used in the prototype at
Paignton Zoo and other commercial scale testing fasiliti
HDVGS is unique because of its high productivity, vajidiand flexibility. This

mechanized system also shares an important characteviti VIG: the fact that both
reduce labor requirements that are needed in typicanhoeise layouts because the
conveyor allows laborers to seed, harvest, and monitps érom a single set station.

1) Cost of system

$1,107 per m? is the estimated total capital cost for the HD¥Q$o figures for

the operating cost were given.

2) agriculture production intensity

Expected crop yields for a six meter tall HDVGS are 50@égm? of floor area

per year® This high vield is achieved because the system takestagesof the

vertical growing space with densely-grown crops. Like th& YHis system is
limited to low-lying crops as shown in figure 24:

6m high VertiCrop™ compared with
standard hydroponic growing
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Figure 24: This table shows data for annual crop product@mnmgarisons, notice all of the types are
low-lying crops (Valcent products eu Itd. 11).

% The sum is based on the basic Verticrop systeingo$566,000 (Valcent Products Inc. 5).

% A conversion of Ibs. to kg. and ft.2 to m? wasfpened for comparison to yield data provided in dtieer
cases. The basic facility is 5,500 ft2; if conedrtthe facility is 511 m? and produces up to 500Ky of
leaf lettuce annually (see figure 28).
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3) greenhouse style

Attached even-span greenhouse. Aesthetics and massing are particularly
important in choosing the greenhouse style for lateral extefi$inesause this
greenhouse attachment should integrate with its surroundings as it is highly
visible.

4) greenhouse structure requirements

The attached greenhouse can be categorized as lateral @xsefidouglas 186).
Photographs suggest the greenhouse structure is an even-span greenhouse.
Existing site surface conditions are a concern because the greeritoauswill

need to be smooth and gently sloped for drainage. An extra or segtawature

in addition to the greenhouse framing will be needed to support theG3D\A
connection to the building will need to be structurally supported and
weatherproof.

Long shot of plants being planted out.
valcent Note irrigation/fertilization area on left

Figure 25: Empty HDVGS which reveals a Quonset greenhouseragid frame (Valcent web).
The use of supporting side walls allows maximunce@nd air circulation.

5) system spatial requirements

The basic system floor area is 511 m? (5,500 ft2) ¢&fatl Products Inc. 1). The
floor will require an uninterrupted surface to so naghinterferes with the moving

% See Douglas p. 198-204 for discussion on latetehsion volume additions.
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conveyor panels. Nutrient feeding station and seed and hstatsns also need to
be planned for. The greenhouse connection to the buiklmgtitical interface and
the space that is created may be integrated withe¢hdhouse. Applications of the
HDVGS are limited from expanding by a one-story heigimitation and the
available horizontal space on the site for typicaB85t wide and 90-120 ft long
greenhouse modules.

The Verticrop HDVGS is unique because it is an exampla stand-alone system,
which makes its aesthetic integration into the exgsbailding potentially more difficult.
Covering materials may be important if the greenhasiggghly visible and this will affect
the greenhouse construction type. The greenhouseruditst will affect massing and
proportions of the greenhouse which is very importamtiegrating the structure into the
existing building and the surrounding urban landscapderins of structural issues to be
considered for integrating the greenhouse, thiseddhst invasive of the three cases and
will help to make the inventory of available building typeséargnd help to leave behind a
less altered building if the greenhouse is ever remoVéx buildings will, however, need
to have sufficient available horizontal space for ¢lileenhouse and future expansion,
unlike the other cases.

An urban building that is well-suited for an attachedrespan greenhouse housing a
HDVGS is a vacant big box retail store. The vacanbbigis not considered aesthetically
relevant architecture therefore a simple greenhowsebea a welcome aesthetic addition.
The exterior walls of big boxes are generally talb@ntsix meters, they are not structurally
overbuilt, they have large flat parking lots with ¢ixig drainage, and they are increasingly

available and affordable. All of these qualities hmlgke it a suitable building type for an

attached HDVGS and greenhouse.
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Summary

The three cases represent unique BIA solutions ¢osehfrom in order to integrate
agriculture production into an urban site. As dematstk by the cases, commercial
agricultural production in BIA projects can create an &chiral statement on buildings, it
can be hidden out of site on the roof, or it can be housed in a $imjoleg addition. The
different characteristics of the three systems allow a widgrgi@vailable urban spaces to
be considered for agriculture production, or if the propertiready known there is greater
flexibility in choosing the most appropriate systemdepond to the site’s opportunities
and constraints. The different characteristicsashesystem also help to define the factors
that are most important when choosing a particular Besy.

An important observation is that each BIA facilitasvable to produce crops at a high
intensity — more than 350,000 kg per year — but tlen@uic, structural, and spatial
requirements to do so were drastically differeRbr example, the rooftop greenhouse is
the least expensive system per square meter and ltecamstalled so as not to have an
impact on the exterior aesthetics of a building, bwalsb requires the largest floor plan
area, is the least productive per square meter, andegaye expensive structural support
for the added roof load. The mechanized systemsuthiae vertical space such as the
VIG and HDVGS had much smaller footprints than needethbytraditional greenhouse
structure used in rooftop farming and were much mooeyative per square meter, but
they were also more expensive to install per squaterrttean the rooftop farm and had
much larger aesthetic impacts on the existing building.

The studies also revealed that each system has usngoiéectural opportunities and

constraints for their integration into existing builgitypes. It was found that the VIG is
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best suited for a tall and highly visible building type such asfaedfuilding or possibly a
mixed use project. The rooftop farm is best suited for overbuilttstes that do not allow
for alterations to the exterior aesthetics such astartgally-significant industrial building.
The HDVG is best suited for buildings that are naicttrally able to support fagade or
roof applications and buildings that are on sites witrelagpanses of flat surface such as a
retail building with a parking lot.

Comparison of the case studies can be illustrateimple graphic form using two of
the most important BIA planning factors found during @nalysis of the case studies: the
cost of initial investment and the flexibility of dgei requirements to integrate the

greenhouse structure into an existing site.
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Figure 26: Comparison map of reviewed case studies usingmul@sixibility (x) and capital cost (y) as the
factors

The comparison map illustrates the idea that eachmnsystsponds differently when
these important planning factors are considered. If a VIRooftop Greenhouse system is
being proposed for a project, the initial cost andgireséquirement restrictions are critical
factors in the planning process because they wile legignificant impact on the project

budget, site selection, and design program. If an HDW&S3anned, the lower capital
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costs allow for more flexibility in the planning phasesl @specially the design phase to
achieve a well-integrated and functional BIA facility.

It was also observed that the information from compatimegBIA system options is
useful at different phases depending on the land isituat Two scenarios are: 1) a
particular BIA production system is chosen based ontigal long-term planning factor
(cost) and system design requirements and this chelpe buide the search for a suitable
site; or 2) if the site is already selected, trgum@ments for each BIA production system
can be considered to help determine the most suitgistens for the given site. At
whichever phase the BIA system is chosen in the plgnmiocess, whether in the project
scope phase or the site selection phase, the programmamditiproject budget information
from this decision are critical factors to considerha tlesign phase for a successful BIA

facility.
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CHAPTER 4
PLANNING STRATEGY FOR BIA IN LAS VEGAS
Introduction

In this chapter, a strategy is developed for the Bbxming process. The developed
strategy provides a sequence of factors based on anaflykes planning factors discussed
in the previous chapters. The most important facforsBIA planning are chosen,
combined, and organized. The result of these effostplanning strategy that can be used
as a tool to help ensure the success and feagsitifila BIA proposal, and in addition, guide
the architect’'s efforts to the stages and decisionghith they are most able to help
facilitate BIA’s integration into the urban landscape.

After the strategy is outlined and explained, it imtkested by applying the planning
strategy to a proposed Las Vegas site. ApplyingBideplanning strategy to a local site
helps to understand the potential for this type ofgmtojn Las Vegas, define the most
critical factors in planning for a Las Vegas BIA projeantd also determine the usefulness
of the devised strategy to the architect/designer. bawyore importantly, this test

demonstrates how the strategy can be used.

Identifying & Organizing Planning Factors for BIA

The reviewed literature provides information on plagnfactors for UA, CEA food
production, and adaptive reuse of existing building ksto€ach field provided unique
and/or overlapping factors to consider in the difiéistages of their planning processes. It
was also found that each field shared some commoreisaand a similar sequence of

planning phases in the general order of 1) long-termnpig, 2) site selection and, 3) site
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design. Creating the outlines of material discussethénliterature review helped in

discovering the common planning phases and overlappingisarriThese commonalities
were found to be useful in organizing the planning facteo the decision was made to
adapt this format for the proposed BIA planning preceSollectively, the pool of factors

extracted from the literature review represent a rigjof factors that are considered in
planning for a successful BIA project, but some wan&ue to BIA such as the system
design requirements described in the case study analysis.

While the reviewed material influenced the decisionswdrat the major barriers,
factors, and decision-making sequences are for plgraisuccessful BIA project, it was
also found that the architect’s role is limited to tesign phase of the reviewed planning
processes. This research attempts to better uadérshe role of the architect in
facilitating this new, healthy, technology into the urband¢mape. In addition to
combining, organizing, and adding to the list of revigviactors used to develop a unique
set of BIA planning factors, this BIA strategy is alsasaful tool for the architect.

In making the strategy for an architect’s use, it wasgeized that the architect may
not need to be directly involved in the project scopd site selection phases of BIA
planning. These are the preliminary phases to bedmesi before the architect’s design
phase. Yet, the factors considered and decisiome nmathese phases of the project are
important information for the architect prior to iating the design phase. One reason is
that architects are curious by nature and absorb aBille information concerning a
project because it will all inform the design sadati Another, more pragmatic reason: the
architect should be aware of what has been verdret evaluated in the two preliminary

phases is because it gives them an idea of théilggf the BIA proposal and if it is at a
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stage where architectural services are needed atifie¢us If the necessary factors have
not been addressed to make the proposal feasiblgr¢h@gect has a list of the project
scope and site selection factors on hand for the dertonsider before architectural
services are rendered.

The decision-making strategy was established as af $Btee consecutive phases in
which common barriers to integrating food productionadressed by considering BIA
planning factors in each project phase. Once the fabtore been considered and the
barrier is sufficiently addressed, the planner movesoothe next barrier and associated
factor. A table outlining the steps in the devised BlAnning strategy is shown in figure

27.

Barrier Factor

2) Site Selection a. Geography Building type legal suitability

b. Economics Building location characteristics

c. Built Environment Existing site infrastructure
adaptability

Figure27: Table of reviewed barriers and factors for coasition. Each has been assigned to an
appropriate planning phase for BIA planning strateg
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Defining and Applying the BIA Planning Strategy in Las \\ega

The barriers to BIA are categorized in each phasgeagraphy, economics, and the
built environment. Geographic barriers include bgifysical geography (such as
topography) and human geography (such as land use)politye economic barriers are
concerned with any issues in the production, digioby and consumption of food
produced by the BIA system. The built environmentibegrare issues caused by existing
structures on the site and its surrounding infrastructureh faase of the planning process
deals with these three issues.

The planning factors are basic considerations thattbedddress the common barriers.
The factors are organized in a logical sequence to aealihhe feasibility of the BIA
proposal in each phase of the decision-making sequences ensuccessful BIA project.
The planning factors to be considered in the strateggedieed in the following pages so
the client and architect can verify that each batres been appropriately responded to in
each phase of the project.

Even though the architect is not needed until the prdesign phase, a more active
role as a consultant to the client is proposed in theg@rscope and site selection planning
phases. This role is reflected in the definitiamsl examples in the following pages by
providing a more in-depth description of the factomutiht to be most important to the
architect/designer — especially in the design phase.

The result of going through the developed planning strasegyody of data including
a design proposal that informs the feasibility of fme®posed BIA project. Major

opportunities and constraints for the proposal @eatified by using the devised strategy.
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Further the outline is useful as a checklist for thehigect and client to reference when

deciding if the design proposal is worth investigatingjer after each phase.

1) Project Scope Phase

In the first phase of the strategy, defining the projeopscthe client is primarily
responsible for collecting the information used to edslithe planning factors. By going
through this process, the client will have ensured thatfollowing basic information
concerning the BIA design proposal has been plannedsiter:availability, production
system type, and client property needs. These Ixmies need to be addressed to verify
that the proposal is feasible and allow the planmiraress to go forward into the site
selection phase or the site design phase.

The architect will be responsible for knowing the isiens that were made and
verifying that each of the barriers has been address#utelxlient, but the architect’s role
in making decisions about the scope of the BIA project is mirtseyand consulting on an

as-needed basis.

la. Availability —

The first factor to consider in the project scope phasate availability. The client
may already have a site for adaptation, but if the 8 not known, a community
assessment should be performed. The assessment Bletuldompile an inventory of
available properties for BIA adaptation based oregatfrom the client’s business strategy
and the opportunities and constraints found in the camtgnuFor BIA projects, the most

likely available properties are vacant commercial bogdi
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1b. Production system selection —

The type of production system to be used should be determined etiréyplanning
process. At the very least, the client should have an understasidthg options for
turnkey BIA systems. These packages should be considered byidghe tol help
minimize errors in estimated projections and costs in the bugteass The packages are
widely available and can be customized to include: protectedwsteyutydroponic and
support systems, consulting, and marketing agreements (Shrethsa and Dunn 4).

The type of BIA production system that is chosen canseel as a factor to consider in
selecting a site, or if the site has already beercteelethe most appropriate BIA system
can be chosen to make the best use of the existing site. Egthdniszinformation is used,
at this stage of the planning process the client shbale an idea about economic
expectations for the project. This information also githes architect an idea of the

structure(s) that will need to be integrated intostte2

1c. Client Property Needs

The client should be able to discuss any special déagjaors beyond the BIA theme
that need to be incorporated into the project. TdllBwing are some examples of
guestions the client could expect: is the project @dras a wholesale or retail operation?
Is this project intended for agricultural tourism? o@d the property function as a
community center? Is there an objective relatedistamability? Is there a concern with
security?

The objective of evaluating client property needs igtie architect/designer to have a

general idea of program requirements and goals for tjegbr
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2) Site Selection Phase

The site selection phase can be used in two waysAmpRBnning: the proposed project
design requirements defined in the previous phasebeaused to assess the inventory of
available sites developed in the project scope phaseletermine which is most suitable
for integrating BIA production, or if the site has already beenigeo\by the client, the list
of factors can be used as a reference for testingetsgbility of the proposed site. When
the site is not known, the factors presented in thes@lcan be used as criteria to be applied
to the inventory of available sites and used as sigva similar method to that proposed
by Bhattarya (59). Applying the criteria systematicdiinits the inventory of available
sites to the most suitable site so it can be evaluatibe isite design phase.

Much like the factors considered in the project scope@lthe factors presented in the
site selection are intended for the client to considargeneral, the site selection factors
address issues that are beyond the scope of archifmcfessional expertise but the

designer should be available for consultation.

2a. Building type legal suitability —

One of the most important issues found throughout tiewewas the issue of land
tenure. A higher initial investment to integrateABproduction technologies should be
expected and this makes land tenure a critical fdotochoosing a site. Local zoning
codes should also be considered to verify that the prioduahd distribution of crops on
the sites is legal. Any of the available properttest do not offer land tenure or are not

zoned for commercial crop production should be removed tinenmventory.
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2b. Site location —

The surrounding urban landscape provides opportunitiesanstiaints to a successful
BIA project. The information developed from defining th®ject scope helps inform a
more in-depth study of the site location. The study can iacisdessment of the consumer
market, the real-estate market, site accessibityperty taxes, surrounding buildings, and
even future land use predictions. These factors inforerierithat can be applied to the list
of remaining sites. The criteria informed by thesasidering these factors should be
guantifiable so the inventory of remaining sites ise¥dsi evaluate. A real-estate broker or
developer can help with developing the location studltha architect should perform an
initial investigation of any local design standards or gindslfor adaptation projects at the
site locations.

The location criteria developed in the study can beiegphpd the inventory of available
and legal sites and used to discard any sites thatadrsuitable. The result of this process

should be a short list of available, legal, and wedkted sites.

2c. Existing infrastructure adaptability —

The list of remaining potential sites should be euellidoy an architect/designer to
determine their adaptability potential. Any existisiguctures and infrastructure on the
sites should be quickly evaluated as to their suitgdibr integrating the BIA project
proposal. Factors that help determine the adajiyapdtential include: demolition needs,
utility and water access, building construction typeisting commercial infrastructure,

flexibility of interior space, and flexibility of site spaceoiiSidering these factors gives the
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architect/designer an idea of the obvious improvemaetded to integrate the BIA
facility.

A scale should be developed by the client to rankréimeaining sites according to
which require the least amount of preparation f&r BIA adaptation. This assessment
helps identify capital construction costs that afteet feasibility of the project as well as
any substantial changes to the existing structure thgtdacrease its future value if the

BIA facility vacates the site.

3) Site Design Phase

Once the project has addressed the barriers in theopsetwo phases and a suitable
site has been chosen to study for the design phase, thee@rfdbesigner has the task of
further evaluating the site, collecting information inrmaletail and providing a rough
design study of the proposed BIA adaptation. Theitaeathis able to illustrate the
description of how the BIA system will be integratatb the existing site. The architect
produces drawings for use as a conceptual tool for evaduatid explaining the feasibility
of the proposed BIA adaptation. This phase demonstilageimportance of the architect’s
role in providing a level of precision that helps toetetine feasibility. After the factors
have been considered in this phase, a decision can benttladkee client to go forward or
move on to analyze other BIA adaptation proposals.

For the purposes of this thesis, a site in Las Vegadbken chosen for the site design
phase. Though the site has many qualities that makealid selection for studying BIA
integration, the site was chosen based on the amduntoomation available about the

building and not from extensive research into the best available in Las Vegas.
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The site is presented as if a client has already chosenstingxiacant site to adapt for
BIA activities. It is assumed that the selectiontto$ site considered the factors in the
previous phases and that it has shown to be promisinmtigrating BIA. The client
would like to integrate a turnkey BIA production systsimilar to one of the systems
discussed in the reviewed case studies for retagratipn. These are appropriate
assumptions for this study because it is intended tanbarchitectural study on how to
integrate BIA into the built environment. If datarfidche Project Scope / Programming
and Site Design phases is assumed, it allows tlgsistito go into a more in-depth
discussion of the design phase which is where the architete is most valuable. To be
more clear on how the logic in the entire BIA plamnstrategy is applied, however, the
following summary and Figures (28-33) illustrate tyyget of data that can be expected as a
result of going through the first two phases of the proposeégyrand show how the how
the logic is applied to the chosen Las Vegas site:

The chosen site is a corner lot zoned for industisal and the owner is willing to
negotiate lease tenure. The site houses a vac@@01§juare foot commercial warehouse
built in 1955 and 26,500 square feet of blacktogase including a small loading ramp.
The site is surrounded by Bonanza Road to the saath,ttacks to the west, commercial
buildings to the north and east of the site including an anshop, and Main Street to the
east. Itis accessed by a shared road off of Ma@e§ust north of the antique shop. The

site is highlighted below:
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Figure28: Map of Las Vegas, Nevada identifying site locatiGcale: not to scale
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Figure29: Vicinity map showing planned zoning for the sited surrounding parcels. Scale: not to scale
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Bonanza Rd.

Figure30: Site plan to be studied in the design phaseys/ier figure 29 are shown in red arrows.
Scale: not to scale. Location: 601 North Main &tieas Vegas, Nevada.

i

Figure31: Panorama documenting north, west, and south aéwsite and its surroundings. The existing
building onsite is highlighted in green.

= .'

Figure32: 3D rendering perspective of existing conditiaraking into site from Bonanza Road and North
Main Street intersection.
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Figure 33: View of east facade and interiors of existing stice

83



3a. Production system requirements —

The factors to be considered for the system reqeinésnare concerned with any
geographic features that affect the BIA production systeility to function correctly.
Some of these factors include access to sunlighinatien and shading structures), wind
patterns, site topography, drainage, and availabte flamfuture expansion. Other factors
may include any special requirements specifiediferturnkey packages such as minimum
footprints for the production system, headhouse, dosuae structure. A useful drawing
for documenting and assessing the production systenreetprits affected by geographic

barriers is a site plan as seen in figure 34:
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Figure 34: Site plan showing geographic barriers.

84



It was found that there are no natural or built shadtngctures surrounding the site to
the south. It is important to note, however, tha tindeveloped lots to the south,
southeast, and east are vulnerable to future developmheit may block the site’s access
to sunlight. While the lack of developed land sunding the site is ideal for sunlight
access, it provides little protection from the prigvg winds from the southwest. The site
is completely exposed to prevailing winds and will regj@ natural or built barrier for
greenhouse protection and climate control. The existiniding stock that surrounds the
site is located to the north and north-east. Thasetstes will not affect greenhouse
performance and those within the owner’s parcel bagndre available space for future
expansion.

The site’s topography is 26,500 square feet of flatenvipus surface that is slightly
sloped to drain toward the intersection of Bonanza RoadNain Street. The paved
surface is available space for the greenhouse enclatireture used to house the
HDVGS. The 20 foot road boundary used as a periphery boufmtdhe greenhouse only
occupies approximately 1,900 square feet of the paws] amhich leaves 24,600 square
feet of available space. This is more than enough area for the mriHBWGS enclosure
footprints. Similarly, the rooftop is approximatel,@00 square feet of vacant space
which is available for rooftop greenhouse use. sTéxceeds the 10,000 square foot
minimum specified by Sky Vegetables. The southaigevall measures 185 feet long (56
meters) which is similar to the footprint of the& proposed for the 2020 Tower but the
existing structure is only a single story building whildes not allow for a tall VIG system.

The site’s human and physical geographic barriersotl@appear to sieve out any of the
three turnkey BIA system choices based on considerafi the selected factors. At this
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stage of evaluation in the site design phase all threemsgsshould still be considered for

project integration.

3b. Production and distribution potential —

Considering the factors involved in the production astfidution potential of the site
requires an analysis of the existing structure(s) amaitk infrastructure. Space should be
allotted for the maximum growing area; headhouse; hamgestrea; packing facility;
storage; shipping and receiving areas; and delivericlkeeaccess. The layout should be
conducive to the flow of materials and if the sitentended for retail, the layout should
also account for customer access, parking, and spiatle (Kessler 4). Other factors to be
considered are security needs and vulnerability to stanmage.

A site plan can be used for documenting site accebsxasting infrastructure, as seen

in figure 35.
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Figure 35: Site analysis documenting existing infrastructure site access.
Delivery trucks and customer vehicles access the sitesbgrad alley road off of Main
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Street. If all of the existing shipping and receiviareas are used on the site, the
delivery vehicles require approximately 11,500 sqdee¢ of maneuvering ar&a It was
also observed that the site is located in an accesmiba of Las Vegas due to its proximity
to major interstates, rail road, and bus routes.

Next, the maximum growing area the site can suppouldhie evaluated. If the type
of turnkey production system to be used is undecidedn d@se Las Vegas example,
determining the maximum available space for producingscprovides insight into which
system is best suited for the site. A spatial analfggisntegrating a VIG system is

illustrated in elevation in figure 36.

o o s 104'—%"

12,775 sq. ft.

3,400 sq. ft.

I AVAILABLE SPACE FOR VIG
— = — 10 STORY MODULE OUTLINE

Figure 36: South facade elevation showing the available sfmdategrating the VIG in comparison to the
scale discussed in the literature.

% This calculation is based on accommodation ofosf lbng delivery trucks. The general rule is tovide
two times the truck length for area in front of thading docks (Blue Giant web).
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This diagram reveals that the available south watsmn the Las Vegas site is small
compared to the space needed for the VIG modules destus the literature. The VIG is
available in modules of up to 10 and 20 stories tafle 2020 Tower used VIG modules at
this scale to build a 60 meter tall facade. TherelittEssmention of using the VIG system
at smaller scales and this suggests that the bleagarface area on the south facade of the
Las Vegas site (3,400 square feet) is not large enfmughe VIG to function at a highly
productive level. The VIG adaptation should be dismissean option at this point due to
the lack of available space.

There is enough space, however, to house the minimum fdatpgimrements for the
rooftop greenhouse and enclosure for the HDVGS as seeniiedfigé and 37. Once it has
been established that there is enough space for agbinga system, the other factors to
consider in production and distribution should be evaluatedtigh layouts of the program
requirements should be diagramed as well as the dfosustomers and materials for the

two remaining options. This process is demonstraiédures 37 & 38:
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Figure 37: Layout proposal for the rooftop greenhouse showilowg of materials for retail distribution.
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Figure 37 shows the rooftop can fit approximately 8,8Q0are feet of traditional
greenhouse space which can be accessed from the slemyndrhe second floor also has
room to house the harvest area, headhouse, and padgiitgg$a It is connected only by
stairs to the ground floor so this floor would not lbeessible to the public without some
major renovations and additions required by the locatlimgjicode.

Having the harvesting and packing facilities on the sedtoat allows the retail,
warehouse, and shipping/receiving spaces to occupydahbed)floor of the building which
will require little adaptation beyond minor cosmetiterations and wall construction. This
layout also utilizes all of the existing shipping/retey docks which can support heavy
distribution. The economic limitations to the rooftggenhouse layout are from the size
of the greenhouse and the production intensity it cppat.

Figure 38 shows a second option for the attacheénpmaise enclosure for the

HDVGS:

f— x50 o I\T
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Figure 38: Layout proposal for attached greenhouse on thengréaor showing the flow of materials for retail
distribution
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The 20 foot road boundary and delivery truck spatialireqents limit the amount of
available land for the greenhouse to approximately 5,500eséget which is the minimum
greenhouse area discussed in the literature. Theogedplayout supports all of the
program spaces needed for production and distributiatheground floor. The flow of
materials from the greenhouse to the shipping and sgiades is efficient in this version
because the required spaces for production andbditstm are in close proximity to one
another.

This layout also causes the attached greenhouserifdotp overlap the proposed
maneuvering apron for two of the three existing loadindsl¢eee figure 33) making them
less usable for large trucks and this may limit the site’s @glaté potential. Parking is also
limited by the greenhouse footprint in this layout vhatfects retail distribution potential.

This evaluation of two layouts shows that they happosite economic issues to
consider. The rooftop greenhouse has barriers fwotuction potential and the attached
greenhouse model has spatial requirements that chstsution issues. Both of the
proposals should be further evaluated because pheyide the adequate space for
production and distribution and more investigatioméeded in order to have enough

information to choose one over the other.

3c. Technical issues and aesthetic impact —
Technical issues can be addressed by evaluating ¢hanagcondition of the building,
the construction type, and the connection of the greenhouskeahdilding. These factors

inform the startup costs and the amount of preparatemded for the BIA adaptation

90



proposal. This pragmatic evaluation may also expose umrsuaforeseen conditions that

could affect the entire feasibility of the project or sing a particular turnkey system.
Structural floor plans and building sections can shamyrof the technical factors of

the building and highlight any obvious issues for gré¢ing BIA production. These

technical drawings for the Las Vegas site are seegunefi39.

GAMBREL
TRUSS ABOVE

1000

Figure 39: Structural floor plan with beams above and seatalhouts.
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Figure 40: Building section looking west showing gambrel tasINTS.

Figure 41: Building section looking south. NTS.

The structural plan and building sections of the Lagas building show that the front
(east) fagade of the building is an extension addduktstructure at a later date. The main
structure has walls of precast concrete panels andextension is entirely CMU
construction. Another important finding from the dinlg section in figure 40 is that the
gambrel-style trusses create a non-flat roof déidks is an obvious structural engineering
issue for the integration of a rooftop greenhouseatumse the greenhouse requires a level
surface. The level of alteration needed to accommdbateooftop greenhouse suggests
that it should be removed from the list of potentiahkey systems.

Now that the list of potential systems is down to thachid greenhouse enclosure for
the HDVGS, a demolition plan is a useful drawing tasider any technical issues with

integrating the greenhouse into the site.

92



* + » SALVAGED FENCING 100° lq
s=ss DEMOLITION L T 1

Figure 42: Demolition plan for VIG layout.

The demolition plan shows that few alterations areded for the building but the
parking lot will need to be removed and replaced with andbdée surface where the
greenhouse is located. The demolition plan also dodiachéine security fence which can
be salvaged and adaptively reused as a structure for a glemnagafacade structure to act
as a wind breaker or to support shade cloths and for ¢ealypuse.

A detail showing the conditions at the greenhouse ietrcan also reveal any

technical issues that need to be considered such asprwaferg or structural

considerations.
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Figure 43: Connection detail of the greenhouse enclosure alndged security fence to the existing building.

Aesthetic impact is evaluated by the overall impact ofBtl#e adaptation on the site
and the surrounding urban landscape. Since the atcdiiéadly has been involved in the
planning process from the earliest stages he or dhéave a deep understanding of the
project and a pool of information to draw from abowt thent and his or her needs. This
information needs to be expressed in the design propasa successful urban farm.

Renderings help in evaluating the aesthetics of the prbpos

Figure 44: Rendering of enclosure for HDVGS attached to engstiuilding. June Ziat 2:00 p.m.
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Figure 45: Rendering of attached greenhouse using salvagethéeas wind barrier and greenwall structure.
June 21'at 2:00 p.m.

This strategy outlined and applied in this chapteregates data at the end of each
phase which help to verify the BIA proposal has beatuated enough to move on to the
next planning phase. This data reflects the most impiofactors that the architect will
want to know once the BIA proposal has reached the delsagep

Using the strategy in the Las Vegas scenario desarithis chapter helps in showing
the type of detailed data that needs to be collected aifig¢ddry the client for the architect
to begin the design phase of the planning process. Theeoistlstructured for the architect
and client, but it is also comprehensive and sufittyeflexible to be systematically
adapted to fit the needs of other scenarios, plannerspeattns.

For instance, in the scenario presented in this gshasproperty was given to the
architect and all of the information pertaining to thetérs considered in the project scope
and site selection phases was available except theofyB&\ production system. The
architect was able to take this data and useiitftom images that verified what the client
had found. Once the architect verified that the ptojas ready for the site design phase,
the factors that address the geographic and economic bareiersea to help in choosing a
BIA system that maximizes the site’s potential wvitie least impact on the adaptive reuse
process. Based on analysis of these factors, itdeBsmined that the existing building
was most suited for an attached greenhouse HDVGS systeoe. ti@nturnkey system was
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chosen, the architectural investigation into key tesdinissues and aesthetics was
addressed using detailed drawing and schematic regdesf the proposal. In the case
study analysis it was found that the HDGVS had a laggghetic impact so this part of the
investigation would most likely be a developed in furtiscussions with the client; the
facility designed for the Las Vegas site is only ofiemany possible schematic BIA
solutions and but it is valuable to this researcbhabse it demonstrates how to work
through the proposed planning strategy and arrive atfanmied design solution for a BIA

project.
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CHAPTER 5
CONCLUSION

An objective of this thesis was to provide initiasight into how the architect/designer
can help with successfully incorporating new high-pentmice agriculture technologies
being developed for BIA into the urban landscape. yimgrto achieve this objective, this
research has proposed a planning strategy for urbamfaimithe form of BIA based on
planning factors evaluated in the literature review asd studies.

It was found that defining the scope of the projectheavily influenced by local
constraints and resources. Assessing these factarsl shsult in an inventory of potential
sites and a preliminary business strategy. Factamsidered in the site selection phase
help determine which of the available sites is beged for the proposed project. A
preliminary analysis of the site’s potential shoblel performed using factors from the
disciplines in the literature review. This preliraig analysis should result in the selection
of a potential site which can be further analyzed endite design phase. The site design
phase should result in an informed decision onf#asibility of executing the project
proposal using the chosen site. The constraints fihensite and its surroundings inform a
design that makes the highest and best use of the Hitis. critical phase of the design
process requires the services of a professional ar¢tigsigner.

The Las Vegas case study demonstrates how the plamruogss can be applied to a
specific site. The process was simplified to show tmconsider the factors in each phase
of the project. Each BIA system that was considerethiosite was able to produce crops
at a high intensity but the economic, structural] apatial requirements to do so were

found to be drastically different. The productionsteyn requirements and the site
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constraints limited the list of potential systenasthe attached greenhouse. Next, the
greenhouse was shown in the locations it could fundhoroperate on the site by
evaluating access and material flow patterns to denshe production and distribution
potential factors of the site. Then, the technicaluaten of the existing building and its
infrastructure showed that the greenhouse was begfratéd as a lateral extension to the
existing building. Finally, a design proposal for BiA facility was created in response to
the technical and aesthetic factors of the site andritsusuding constraints which could be
used as part of a schematic presentation to a client.

The case study demonstrated how the planning strataegged — especially the design
phase, but the other phases of the planning stratéigyeed to be further evaluated so that
they can produce the same level of understanding of faottmes considered in each phase
as was shown in the site design phase for the Laasvegse study. The first two phases
are not typically in the scope of the architect’s etipe so research from other disciplines
is needed to help develop appropriate case studidisefee phases of the strategy. Also, in
reality, the aesthetic evaluation in the design plodithe Las Vegas case study requires
much more development than was presented, includiorg mhesign options and further
investigation into how the design aestheticallyegnates into the surrounding urban
landscape. For the purposes of this thesis and withiwuactual client, however, it
illustrates the type of information that can be produceddnyg the planning strategy.

A fundamental weakness of this research is that ge literature and so few built
project examples specific to BIA exist that BIA wasidedl as a group of fundamental
components for the research questions and literagurew. It is debatable that planning

for BIA is entirely based on planning for urban agitiere, planning for greenhouses, and
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planning for building adaptation which were the keyaaref the literature review. Thus,
further investigation into how these areas of studyaadhe components of BIA would be
helpful to make the argument more valid.

The social and economic benefits of local food productod adaptation of the
existing building stock can be achieved by integrating BIA inkourban landscape. These
issues are more important now than ever becausentiyrtiee prices of low-quality and
resource-intensive food is at all-time highs and nat@sdurces are increasing valuable
commodities. These issues also provide insight inéo vialue of the developed BIA
planning strategy in this thesis because the stratéfgysca uniquely-compiled set of
barriers to BIA, provided a resource for assessiaddhsibility of a proposed BIA facility,
and also helped define the role of the architect in Béfaping.

The relationship between BIA and architecture is auallyt beneficial because as BIA
emerges as an industry its demand for architecturaices will continue to grow. This
dependence is due to the fact that planning for BlAapes to the built form and it
highlights the importance of the architect’s uniquditgip integrate the project at various
scales and create experiences for the differens uednelp achieve a BIA facility that is
successfully integrated into the urban landscape. rélagonship also allows the architect
to utilize his or her design skills for a worthwhgeoject type that has the potential to have
a large positive impact on society and increase ttlgtact’s role in developing healthier

communities.
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