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EXECUTIVE SUMMARY

Background

As the global population continues to expand, the agricultural industry is challenged with increasing food
production on existing land, as it is estimated that agricultural land capacity can only grow by%.

world population reached 7.3 billion in 2015, and is projected to increase to 8.5 billion in 2030 and to

9.7 billion in 205 In addition to population growth, the number of people living in urban areas is
expected texceedb billion people by 2050, with 90% living in developing countfi€limate change

places additional pressure on traditional agriculture, and all of these issues threaten the global food
supply? In addition to continued improvement in traditional farming practices, urban and vertical farming
techniques have the potenttal increase food production and reduce the distance food travels to reach
consumers. As gmsed to conventional farmingentical farming refers to the cultivation of plant life on

vertically inclined surfaces, minimizing land footprint by stacking upwarsiead of outwards. Vertical

farming can provide an intensive growing method in urban spaces, offering much higher yields per acre
than conventional production techniquesnd located in close proximity to city residents. Urban and

vertical farming cartake many forms, from purpokeu i | t Aiskyscr 8wmemabersoaler t i c al
ABuilding Integrated Agricul tur e 0 -usehbailtdingstagamr por at
efficiencies from crosstilization of resources.

Urban and verticafarming also have the potential to improve on traditional -laaskd agriculture, by

providing yeasround high yield production with limited or zero use of chemicals, and up to 90% less

water® ° By leveraging synergies between buildings and agriculttespurces such as industrial
wastewater and waste heat can be used and recycled more effi€iamtth. food produced close to
consumers and in an environment i solated from we:
resiliency, lowering the risof food shortages due to the disruption of food production and distribution

caused by extreme weatHér.

New methods of urban and vertical farming have the potential to avoid some of the negative
environmental effects of traditional agriculture, inchglivater waste and pollution, soil degradation, and
greenhouse gas emissions from food distribution, while increasing food production. However, the
industry faces challenges around sustainability and scalability, and a lack of comprehensive research and
analysis of the environmental and economic costs of vertical f&rferms that rely heavily on artificial

lighting can require much higher electricity use, while more efficient lighting systems carry a higher cost,
and integrating farms into existing buids can present both technical and zoning challenges. In
addition, as the industry is relatively new, there are no established standards for sustainable urban and
vertical farming, and practices vary according to location, crops produced, and farmimglsné&rms

are focused on continuous innovation, which leads to patented technologies and growing médiums,
rather than sharing information.

The Association for Vertical Farming (AVF) engage
Sustainabiliy Management program to research urban and vertical farming practices and existing
certification systems, to establish recommendations and create a framework for a sustainability
certification system for urban and vertical farms. AVF is an internationatlye norprofit organization

based in New York City, with 44 members that include individuals, companies, research institutions and
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EXECUTIVE SUMMARY

uni versities. AVFO6s mission is to foster the sust

industry through ducation and collaboration, and the organization is focused on leading the global
vertical farming movement to produce healthy food, create green jobs, and support environmental
protection and climate change resiliedt&o support the goal of loAgrm sistainable growth, the AVF

needs to set standards to enable farms to benefit from sustainable operations and a favorable certification
rating.

In the past two decades, the use of sustainability certification systems has ina@assdthe globe,
covering a wide range of issues and industfid&hile there are numerous sustainability certifications
that apply to different agricultural practices or buildings (Food Alliance, Rainforest Alliance, LEED,
Energy Star, etc.), there i® rsystem that adequately addresses the sustainability of urban and vertical
farms integrated into buildings. The goals of this study were to determine key sustainability principles for
urban and vertical farms, and develop a certification system thatestiiblish standards for data
collection and sustainable practices for the members of the AVF. This report outlines a framework to
support the sustainable growth of the urban and vertical farming industry

Approach

This study investigated the practices actibllenges of existing urban and vertical farms through
interviews, site visits and thiplarty researchand identified 7 key attributes for assessing the
sustainability of these farmén parallel,12 wellestablishectertification schenme focused on fans or
buildings wereanalyzedto highlight principles that werapplicable to urban and vertical farniesearch
into these systems identifi@lkey sustainability principles that acemmon to edt of the certifications
and relevant to these farmihe 7 key areaslentified in the farm interviews and research directly aligned
with the9 Common Applicable Principles highlighted in the certification schemes.

The 9 Key principles that inform the sustainability of vertical farms are:

Health and SafetyWorking Conditions
Food Safety and Quality Assurance
Pest Management and Pesticide Use
Nutrient Management and Fertilizers
Water Conservation and Management
Community Relations

Waste Management

Energy and Climate

Site and Facility Characteristics

©OoNo O~ ®DNE

Collecting data on these metrics will provide insight into how farms are performing, and after obtaining
information from an adequate sample size, the AVF can begin to set standards for sustainable practices.

The AVF also needs to determine whether to develogratsione certification system or partner with an
existing certification scheme to create a module or adapt that system to apply to urban and vertical farms.
A fit analysis was developed to assess the certification systems reviewed as part of thicaetindy, s

each on their coverage of the 9 Common Applicable Principles, overall criteria applicability to urban and
vertical farms, certification system scope, geographical focus, and inclusiveness of eligibility. Based on
the fit anal y s iesnhoust and tlurséried Genrtificatian dvas idéntified as the best fit if
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the AVF has a strong preference for a partnership. However, by partnering with an external organization,
the AVF would have limited control to modify thieamework over time to addressrapidly evolving
industry. The recommended approach is to develop a-stand certification system to address the
specific elements of urban and vertical farms, and allow the AVF to evolve the framework as the industry
expands and new technologies developed. While the AVF can develop and manage the regulations
and standards, it is recommendttht the actual certification badministered through a third party
accredited body. This recommendation is based on both industry interviews and the pfaotisgéng
sustainability certification systems, and will provide additional credibility by separating the creation and
administration of the system

System Framework

The first phase in development of a sustainability certification system for urban and vertical farms is to
begin standardizing data disclosure. Research and interviews with farms highlighted the lack of data
standardization and peer benchmarking, and ¥E Aeeds consistent data over time to begin to identify

best practices and baselines for sustainabl e oper
education and collaboration.

Through this research, the Sustainability Assessment of FoddAgriculture (SAFA) framework
developed by the Food and Agriculture Organization (FAO) of the United Nations was identified as a
reference framework for its focus on many aspects of sustainable food production. SAFA is
internationally recognized and buledn existing sustainability initiatives by providing a clear framework
for multiple uses, while remaining complementary to and compatible with these initfatives.

Usingthe SAFA dimensions on sustainability as a reference (Environmental Integrity,| éeilaBeing,
Economic Resilience, and Good Governanee)ramework was designed around the 9 Common
Applicable Principles identified in order to develop a staluhe system. These principles aligned into
four Assessment Categoriegarm, Product, Syste and Community as shown in Figure 1 below

FARM PRODUCT
Site & Facility Food Safety &
Characteristics Quality Assurance
SYSTEM COMMUNITY

Energy & Climate
Pests & Pesticides Health & Safety

Nutrients & Fertilizers i
Community

Water Conservation Relations

Waste Management

Figure 1: Assessmefilategoriesand Common Applicable Principles

Across the four categories, a comprehensive list of 50 total metrics was developed, with each metric
directly relating to one of #19key principles, and requiring quantitative or qualitative data
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PhasedDevelopment: Data Disclosure

This study recommends a phased approach to create a certifeyatiom with early scoring criteria that
recogni zes fACertified Memberso for standardi zed
principles identified in farm and certification system research, and for progressive management
approaches. For starrdized disclosure, it is recommended that farms be required to provide a core
subset of metricsn Year 1, as it is not realistic to introduce all 50 indicators in the first year. It is
recommended that the disclosure of the 50 indicdierdivided into hree phases (one phase per year).

The first phase requires the disclosure of 24 core metrics, the second phase encompasses 16 metrics
involving data that is slightly more complicated to collect, and the third phase addsntiaimg 10

metrics that includ the most difficult data to collect and that may require multiple years of data for
context. At each phase, participating farms will be assigned a score based on how many of the metrics
they disclose. Figure 2 below shows the disclosure phases and example

PHASE 1 PHASE 3

24 10
* Total Annual Waste

Pesticide Usage

Packaging
Energy Use Intensity * Annual Water Use
* Total Growing Area * Average Food Miles
Growing Medium *  Community Education
16
PHASE 2

Figure 2: Phased Disclosure Approach

To provide farms with an assessment in the early stages of the certification process, a simple scoring
system is recommended, based on the disclosure of data needed to establish performance baselines.
Metrics aredifferentiated between mandatory metrics and-mamdatory. Mandatory metrics are either
required to gather key performance data, or used to normalize other metrics that are collected (such as
growing medium). All metrics have a value of one point andescare assessed after each of the three
phases. Farms will need to report on mandatory metrics to be eligible for a natirigea will be given a
scorebased on the total number of metrics disclosed

Roadmap andlimeline forCertification Systemimplementation

For a broader look at how the system will be implemented over time, Figure 3 below provides an
overview of how the certification will progress from the initial phases to eventual certification based on
performance. As noted above, data collectind disclosure for the 50 indicators will be phased in during
years 13. The system then moves to benchmarking, calibration and ultimately perforbaseme
sustainability certification. This system relies on continuous member feedback, and is modelealafte
existing farm and building sustainability certifications were developed over time and incorporated
stakeholder input. Examples include Food Alliance, Fair Trade, LEED, and Rainforest Alliance
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YEARS 1-3

YEAR 5

« Benchmarking
* Ongoing Disclosure ‘

* Review
* Performance

Credit Launch

* Review
* Calibration

* Data Disclosure
Phases 1-2-3

Figure 3: SystenDevelopment

* Ongoing Disclosure

YEAR 6

Based on the research highlighted in this report, with guidance from memberdadris)lowing in the
steps of other successful certifications, these recommendations can help the AVF collect and analyze
standardized data sets, es$ifbsustainability benchmarks, and catalyze sustainable growth in the urban

and vertical farming industry
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INTRODUCTION: THE NEED FOR URBAN AND VERTICAL FARMING

Challenges to Traditional Agriculture & Food Supply

Agriculture has long supported the growth of civilization, as the cultivation of crops allowed humans to
create a more dependable food supply. Today, farming has become an enormous industry, and there are
currently over 570 million farms across the globe. Of thesmdaover 90% are managed eitliby an
individual or a familySmal | farms (|l ess than 1 hectare in size
control 8% of the agricultural land, whereas farms greater than 50 hectaraatdocomonly 1% of all

farms lut control 65% ot he wor | d 6 s Bagilyifacms produce 806 ofl the modd. produced

globally.* In the US, the average farm totals 178.4 hestaresize, and in Latin Ameridarms average
approxmately 111.7 hectares in side. subSaharan Afica and Asia, the mean farm size is as small as

two hectare$l n t he United States, family f adgrovecreps,gr ow 8
utilizing 78% of the total farmland, and yielding $230 billion in annual sales. Despite the size of the
industry, there are large gaps between current and potential yields for main crops, and there is significant
hope for increased cultivation thugh productivity growth on family farms. The development of new

farming practices and innovative technologies will contribute to increased produttivity

Technological innovation has been the key contributor for growth in agricultural productivity in all
Organisation for Economic Goperation and Development (OECD) countries, and technology is applied
across all farming sectors, from conventional farming to organic. The mission of the OECD is to promote
policies that will improve the economic and socigll being of people around the world, and
environmental, food safety and quality, and animal welfare regulations have increasingly impacted the
agricultural industry. Whil e farming technol ogi es
sustainabl ity remains highly variable and dependent u
practices specific to their particular location. Technologies used in OECD countries to harvest, transport,
store, process and distribute farm commodities aemady very efficient, and result in reduced levels of

waste than in countries where there is a lack of proper infrastructure and capital. In OECD countries,
greenhouse horticulture is moving towards completely closed systems, and new farming techniques are
being used more widefy

Although efficiencies have increased, the combined issues of population growth, urbanization, and
climate change affect traditional agriculture and in thredten the global food supgccording to the
United Nations World Food Programme, nearly one billion people worldwide are undernofirigned

2050, the worldbés growing gl obal popul ation wil/
today, ’ taking into account the 1.3 billiotons of global food produced that is lost or wasted anntially
Whil e demand for food is increasing, |l and and wat

total land surface is used as arable Jdrahd global projections show that up u@40, agricultural land
capacity can only be increased by another 2% until the earth runs out of%fratke near future,
farmers need to grow significantly larger amounts of food, mostly on land already in production

Along with overall increases inopulation, the number of people living in urban areas is expected to rise
to over 6 billion people by 2050, 90% of whom are expected to live in developing couftiie2000,
the world's megaities took up just 2% of the Earth's land surface, but they accounted for roughly 75% of
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INTRODUCTION: THE NEED FOR URBAN AND VERTICAL FARMING

industrial wood use, 60% of human water use, and nearly 80% of all pnoduced carbon emissiotfs

As human populations continue to centrate in cities, urban and vertical farming techniques have been
proposed as a way to increase production in-tanbtrained areas. Vertical farming can be an intensive
growing method adapted to urban spaces, whiclresuit in yields per acre thgteatly exceed those of
conventional production techniqus

Numerous definitions have developed for urban and vertical farming. Vertical farming is the concept of
cultivating plants or animal life whiin skyscrapers or on vertically inclined surfate®uilding
Integrated Agriculture (BIA) involves locating hydroponic greenhouse systems on and inuséed
buil dings, |l everaging syner gi eascrwiatghe tftae mpbogbdi A
covers all types of urban agriculture that do not use farmland or open spaces. Production types are
numerous and include rooftop gardens, rooftop greenhouses, edible green walls, indoor farms or vertical
greenhouse® The expansion of urban and vertitarming has the potential to produce food on a larger
scale using less resourg&simproving the resilience of the food supply. New methods of urban farming
could also generate significant value to the agricultural industry and the global econortheranid a

need to minimize the negative environmental effects of agriculture, particularly with regard to greenhouse
gas emissions, soil degradation and the protection of water supplies and biodiversity

Benefits of Urban and Vertical Farming

In comparisa to traditional lanebased agriculture, proponents of indoor urban and vertical farming state
that the advantages include more efficient use of land and resourcesmyumhhigh yield production,
protection from severe weather events, enabling foodriggclimited (or zero) use of pesticides or
fertilizers, water savings (780% less), energy savings and lower logistical cdstsResources can be

better utilized and recycled by leveraging synergies between agriculture and buildings, such as residential
or industrial wastewater, waste heat, and much Aidvertical farming also presents an opportunity to
reduce the amount of langsed by traditional agriculture, providing the opportunity to restore ecological
balance in some areas. These restored and more efficient natural systems could help slow or possibly
reverse some adverse effects of climate change. Vertical farms alschbg@téntial to contribute to a
greater reabsorption @@rbon dioxiderom the atmosphere in the form of carbon reserves, as less land
will need to be converted for agricultural purposes, and could reverse some of the negative effects of
conventional farrimg practice<®

One of the important benefits of urban and vertical farming is the potential reduction of water use.
Practices such as capturing evaporated water from the greenhouse atmosphere with cooling traps and
returning it to the system, conversiohgreywater into irrigation wateand the application of hydroponic
systems lead to significant water savings. One study found that each hectare of a recirculating hydroponic
greenhouse could replace 10 hectares of rural land and save 75,000 tonk wfatersannually® In

addition, energy savings are possible when urban and vertical farms are integrated into buildings with
other used one study found that a combined building/greenhouse structure could save up to 41% in
heating compared to standalagreenhouses and buildingfsSRooftop greenhouses contribute to building
energy savings as they provide additional passive insulating benefits to the building and their climate
controls can be directly integrated into the HVAC system of the building bélow.energy cooling
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methods such as ventilation and evaporative cooling can result in energy saviogawsitional air
conditioning®

With conventional farming, crop production takes place over an annual growth cycle that is fully
dependent upon what happens out$iddimate and local weather conditions. Vertical farming in urban
centers has great potential to allow yeaund foodproduction without loss of crap due to climate
change or weatheelated events. In addition, the soilless methods often applied in vertical farming offer

a higher yield than field growing operations, and have the potential to feed more people on a débal sca
Gene Giacomelli, Director of the Controlled Environment Agriculture Center at the University of Arizona

in Tucson, notes that indoor growing conditions can be controlled with unprecedented precision, and that
controlling the light, temperature, humigitand pollinator preferences is crucial to sucéésecording

to a study conducted by the German Aerospace Centre in Bremen, the estimated yield of a vertical farm
compared to traditional agriculture increases 512 fold (see Appkindik

Growing foodin cities helps stabilize the otherwise easily disrupted and unpredictable agricultural sector.

Urban farming enhances a cityds ability to deal \
conventional farming practices rely on consistent werattarming done within a controlled environment
isweathei ndependent. When climate conditions are not

natural disasters occur (e.g. Hurricane Katrina in the USA or Typhoon Haiyan in the Philippines), food
distribution networks can become compromised and communities can become isolated and face food
shortage$® Produce grown in California depends on the effectiveness of transportation and logistics
systems for it to reach the East Cdasthen the longdistance shipping is eliminated, as in local urban

farms, communities are granted the opportunity and security to feed themselves. Urban and vertical farms

can also provide consumers with fresher food, bringinggustc k ed produce to cities
new ways to grow f ooofNeww Yoske&SundWoilBse ansustamable engineeriad fiemy

Alf you can stick fiaarnndi nsga ya néyweh édrdere dyt o aindduel di .#skakiolod  «

In addition to transforming underutilized or heged space into a public resource, urban and vertical
farming provide an opportunity to-etlucate the public about their food, and can be used to train the next
generation about the integration of technology and agriculture and current best pradiaadatins can
connect local residents with their food system, educate them how to grow food more efficiently, and
contribute to further growth of the indugt The Science Barge is a goedample, and New York Sun
Works is currently installing a demondtoa greenhouse on top of a New York City school, an addition
which will serve as a hands teaching tool while simultaneously supplying fresh, local produce to the
school 6 cafeteria

Urban and Vertical Farming Challenges

Although urban and vertical fiaming practices have the potential to solve or alleviate many pressing
issues, the industry faces major challenges around sustainability and scalability. Some critics note that
while feeding cities more sustainably is vital t@dosecurity, other solutieamay bemore deserving of
resourcesand timeinvestments than indoor farmingccording to Dr. Louis Albright, professor of
biological and environmental engineering at Cornell University, there is no comprehensive research or
analysis of the environmentaind economic costs of vertical fardsDue to high construction and
integration costs, required human capital and expertise, and a high market price associated with the
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INTRODUCTION: THE NEED FOR URBAN AND VERTICAL FARMING

produce, the industry is not yet practioatside of affluent countrieRepending a system design, urban
and vertical farms can use a much higher level of electricity due to lighting, and the most innovative
lighting systems carry a high cost

Combining architecture requirementsth food production presents more technological challenges and
costs than outdoor urban gardéh®hen urban farms are integrated into existing buildings, zoning
issues and maintenance can present challenges for the building owner and the farm odareselin
populated urban areas such as New York City, high land and property values mean that urban and vertical
farms have to compete with alternative uses that may be more attractive in terms of financial returns. As
the industry is relatively new, there a lack of experienced peopte set up and manage farnand no
procesdor sharinginformation on best practices

Urban and vertical farms face a range of environmental and market issues. Both climate control and
evenly distributed light across all guits present challenges, and urban farms have to consider
humidity/mildew, inhabitants, and the integration of heating and cooling sydtéinisan indoor farms

are not appropriate for all cropgjrowing grains such as wheat, corn, and rice indoors does not save as
many resources as growing vegetables and fruits indoors, says Ted Caplow, executive director of New
York Sun Works, an engineeridgm that designs urban greenhouses. In addition, most trees grow too
slowly to make greenhouse orchards profitdble

The Need for Standards and Sustainability Certification

Despite growing interest in urban and vertical farming, there istaodardization in technology and

practices across the industry, and currently there are no certification programs that set sustainability
standards for operations and practices for urban and vertical¥afmsirban farms use a wide variety of

new, innwative, everchanging technologies, in conjunction with a wide array of growing practices and
growing mediums, industry standardization is a very difficultfadkue t o t he i ndustryo
there is a lot of competition to grow most efficiently,d&m to constant innovation and change, as well

as patented technologies and growing mediums/matétidy designing and applying a set of
sustainability standards relevant to urban and vertical farms, the industry will have the opportunity to start

to analyze efficiency and output among the farms. If detailed data is consistently measured and collected,
baselines can be developed in multiple areas (e.g. water recycled, electricity used, and waste generated),
so that performance can be tracked and cormdpaneong urban and vertical farms. The creation of a
certification system would also allow for ideas to be more easily shared across the industry, so that

i nnovations can be applied on a wider scal-e, cre
opeti.ti ono

A primary objective of setting standards is to consistently adhere to specific criteria for products, services

or processes. The United Nations Food and Agriculture Organization (fta@ghati cer t i f i cat i on
procedure by which a thirgharty gives written assurance that a product, process or service is in
conformity wit h® The adopiidn rof sestaiaabilitya staddards through certification
programs has grown significantly since the 1990s, now encompassing a diverseofrasgees®

Certification schemes are increasingly utilized to promote social and environmental criteria that are
recognized internationally, and businesses, nonprofits and government agencies are supporting the
developmat of sustainability standard#Accreditation Services International advises that effective
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certification schemes should be Ainternationally
multitst akehol de coalitionso

While the consumption of goods and services is an increasing segment of global economic activity, it has
led to negative social and environmental consequences, as developed countries have contributed to
climate change with high levels of noenewable energy cenmption, and the expansion of international

trade has contributed to unfair labor practices and disparities in e@titer management of the
production and consumption of energy and food is essential for sustainability, as it will reduce strain on
natural and human capital. There are many global esifas to encourage sustainapl®duction and
consumption, including the use of certifications to influence producer and consumer behavior. In the last
15 years, thirgparty certification schemes have &g around the globe as an approach to increase
sustainability*

Although there are various sustainability certifications and standards in the mahkeh apply to
different agricultural practices (USDA, Good Agricultural Practices, Food Alliancefdrest Alliance,
HACCP, etc.), as well as sustainable building certifications (LEED, Energy Star, etc.), there is no single
system that can address the sustainability of urban and vertical farms integrated into the built
environment. The existing farm céidations mainly refer to soil farming, whereas indoarnfing
frequently involves sdiéss production methods such as hydroponics, aquaponics and aeroponics. In
addition, there is a need to take into account other key metrics which address the Slitgtairthlei farm
(including the building), such as energy efficiency, water efficiency, waste management, resource use and
product yield. To ensur¢he sustainable growth of urban and vertical farming, there is a need to
standardize key metrics across findustry, and set a baseline of sustainable practices to form the
foundation of a certification system

Client Background and Obijectives

To address sustainability challenges and the lack of standards or certification around urban and vertical
farmi ng, the Association for Vertical Farming (A
Science in Sustainability Management program to rekaarban and vertical farming practices, benefits,

and issues, in an effort to establish recommendations for a certification system. AVF is an internationally
active nonrprofit organizationcomposedf individuals, companies, research institutions andersities
focusing on advancing vertical farming technol ogi
global vertical farming movement to facilitate healthy food, green jobs, environmental protection and
climate change resiliendé

This stug analyzes and assesses numerous types of urban and vertical farms for their viability, benefits,
and challengesand reviews existing farnbuilding, and greenhouse certification schemes to identify key
sustainability considerations for these farifise purpose of this research e develop the groundwork

for a sustainability certification system that will establish a common set of standards and requirements for
the members of the Association Mertical Farming

The voluntary standard will focus on agitural processes, building infrastructure, technology, relevant
innovations, and management practices as theyeréb the sustainabilitgf the farms. This framework
will not detail capital investments or financial strategies, and instei#ld focus o social and

Association for Vertical Farinidglumbia University SPSarth Institute 14



INTRODUCTION: THE NEED FOR URBAN AND VERTICAL FARMING

environmental aspects. These best practices will then be used as a tool for benchmarkirmgdirban
verticalfarms, to help AVF supposustainable industry growth

As there are a widevariety of definitions of urban and vertical farms, this research and its
recommendations are focused on staluhe vertical farms and some forms of enclosed urban farming
with a controlled environment. As described earlier, the concepts of BuildingdtedgAgriculture

(BIA) and zero acreage farming (ZFarming) were utilized to determine enclosed urban farms that are in
scope for the certification recommendations. Combining aspects of each definition, recommendations are
focused on enclosed urban farrhatthave a symbiotic relationship with the building, using either soil or
soilless growing methods. As traditional greenhouses already have certification programs, greenhouses
located on a rooftop that do not utilize synergiegh the building are not caideed in the
recommendations

The goals of this study are to determine key sustainability principles for urban and ¥amisaland use

those principleso establish a phased approach for development of a certification system for these farms.
Using «isting certification systems as reference points, the findings from research and interviews will
help toidentify which principles to extract and analyze. The best practices from existing systems will be
synthesized into a finaecommendation for the mgiples, metrics, and methods of data collection for the
urban and vertical farming industry

New York City and Urban and Vertical Farming

New York City presents great potential for urban agriculture, both from vacant land and rooftops. Within
the five booughs, an estimated 5,000 acres of vacant land (1,663 acres of public land and 3,321 acres of
private land) could be suitable for urban farmingn area equivalent to six times the area of Central
Park** In addition, there are approximately 1 million buildings in NYC, with 38,256 total acres of rooftop
area. Considering larger commercial and industrial properties, 5,227 private buildings and 474 public
buildings could be appropriate for a largeale roftop farm, and 1,271 of these buildings have a roof

area of over halfanacfeCombi ned with the cityds dense urban
active transportation network, proximity to multiple educational institutions, large densionsfimers,

and the access to capital for healthy food projects make NYC a worthwhile urban agriculture cénhdidate

The focus of this research is the Greater New York City Area as a starting point for an urban and vertical
farming sustenability certificaion system.As further outlined in later sections of this report, multiple

local indoor agricultural facilities were evaluated as part of the research for this assessment. To provide a
scalable study that will be relevant to a broad range of locationfoaddsystems, indoor agricultural
facilities located throughout the U.S. and in other countries were also evaluated as part of this assessment

Methodology

This research focuses on urban and vertical farms and existing sustainability certification $ystems
farms, food, and buildings. This report presents data and insights on urban and vertical farms collected
from two main resource categories: 1) pemnewed and other thirgarty research, and 2) interviews,
tours, and case studies of vertical fargeeenhouses, component manufacturers, and consultants. A
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review of literature on existing sustainability certification systems alssconducted, including peer
reviewed articles, NGO work, and other sources. The primary goal of this research wasnindeter
which elements of existing certification systems are relevant to urban and vertical farms, to help narrow
the focus from the many certification systems in different categories (farms, food, buildings, etc.).
Another objective was to get a general ustinding of industry best practices as research progressed, as
these best practices became the benchmarks for a comparison between the selected certification systems

Initial research focused opeerreviewed literature published in the last ten years that addressed
sustainability considerations for urban and vertical farming practices. The reviewed literature provided
insight regarding the potential benefits and sustainability challenges ofrigpicultural practices,
providing examples through data and case studies. Because the industry is relatively new, data from
studies, workshops, and guidance from NGOs and nonprofit organizations was included to supplement
research from peeeviewed pubtations

Interviewees and case studies were selected to provide an international perspective of various indoor
growing methods, and on the basis of availability and willingness to cooperate with this study. The goal
was to gain information on a variety ifdoor urban and vertical farms, in order to identify similarities

and themes across the different types of farms. This study analyzed simitaritidisferenceshetween

vertical farms and greenhouses, urban and-urtban applications, smadkcale and drgescale
establishments, seasonal versus yeand growing seasons, domestic and international applications, and
the use of natural/organic or chemibalsed nutrient and pest management methodoldgigesviews

covered a series of specific questiaswell as an open discussion with each urban and vertical farm.
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Urban and Vertical Farm Interviews

Interviews were conducted with a number of urban and vertical farming professionals, consultants, and
affiliates. Some interviews were at the farm and also included a tour, and others were conducted by
phone. Interviews were thorough and as consistentoasilipe, utilizing a standardized questionnaire
developed for this study.he questions were developed to obtain information in four ar@agrefer to
guestionnaire in Appendix Il1):

Farm type, size, technology, and production purposes

Supply chain métodology, crops, yield, chemical use

Resource efficiency: water, energy, waste

Opinions regarding existing certifications, recommendations for future certifications,
description of attained or explored certifications

PR

During interviews and osite visits, the farms were asked to provide information about onsite operations

- including growing methods, technologies and materials used, employment details, age of the farm,
improvements that have been made over time, marageapproach, innovative practices, and target
market. Interview questionglso included requests for hard data including square footage of the grow
room, number of crops grown, crop yields, packaging methods, distribution practices, food miles traveled,
income details, energy costs, water recycled, and daylight hours compared to hours electricity was used
for lighting. The interview results varied widely in the areas of operational practices, system design and
the farmbés missi on,ariaterths ol elierges rardl cantmunitye dutyeackhis mi |
research identified that community service was just as important as food quality to urban and vertical
farms. Most farms interviewed are fprofit companies, and the most common growing systems used
were hydroponics and aquaponics

In addition, farms were asked for details on certifications they have achieved, certification systems they
have considered, their opinion on various certification systems for buildings and produce, and their
thoughts regatidg a sustainability certification for the urban and vertical farming industry. Interviewees
were also asked for their opinion on practices that need to be included in a certification system, and which
factors could present roadblocks to adoption. Notas fnterviews and site tours are summarized below

Association for Vertical Farinidglumbia University SPSarth Institute 18



RESEARCH AND DATA COLLECTION: URBAN AND VERTICAL FARMS

Edenworks, Brooklyn, New Yordnterview & Tour

Edenworks is a feprofit aquaponicvertical
farm located in Brooklyn, New York. The
interior rooftop greenhouse style facility was
established in 2013, with planned expansion.
The facility was designed using Passive House

components, optimizing solar exposure on the Mapl e i n NYCO6s .FEdenwarksi al Di
south facade, while baj supeiinsulated on the operates on a hypdocal framewaok, with the

north side. The facil i tayefage fosdaniies fiom fadweckent thlihgpaws t h e
plants to absorb the photosyntheticalltive onemile walk to the distributor. Although not

radiation (red and blue light) required for their  yet cost efficient, after expansion Edenworks

growth. The Edenworks growhouse includes a plans to hire a refrigerated truck to deliver

Passive Housimspired ventilation systs, Brookl yn, Queens, and Manh
controlling air circulation within the greenhouse, produceis priced less #n Gotham Greens, and

including a heat recovery ventilator (HRV) that Edenwor ks & seff @ataBaldoi prices

is 70% efficient. The HRV captures heat energy  Baldor aggregates food from farms and sells

that accumulags at the top of the greenhouse organic and conventional produce bulk to

and uses it to prheat the incoming air, restaurants

recycling heat to éep the greenhouse warm and

save energyAs the Edenworks facility includes ~ The farm currently follows the Good
significant glazing, the rooftop vertical farm  Agricultural Practices (GAP3tandard designed

requires no electrical light during summer, to ensure finalproduct quality, safgt and

operating almost exclusively by means of environmental sustainability GAPs include

natural sunlight. The cyclical aquaponic growing ~ considerations for site locationproduction

system results in minimal water waste, with 99%  System designincoming ®ed stock, facility

of the water within the system recycled daily ~ biosecurity, feeding management,harvest,

(1% daily loss due to evapotranspiration). To  Procurementand sorage and cleaning and
supplement the nutrients provided to the plants sanitation basicsGAPs alsoinclude a series of

by the fish in the aquaponic system, Edenworks ~considerations, —procedures, and protocols

employs the use ofatural fertilizers such as designed to foster efficient and responsible

chelated iron for plants like tomatoes. The aquaculture production and expanstowhen

produce is pesticidiree, and Edenworks uses  asked about their opinion towards existing
beneficial insects such as ladybugs, and/or certification frameworks like certified organic

sprays plants withlliatomaceouarth or liquid produce, Edenworkso6 manage

clay to control pests. Edenworks currently uses
recyclable plastic gckaging, and they are
searching for alternatives such as suitable
compostable packaging. The Edenworks
philosophy includes considering user behavior
such as landfilling versus recycling

Association for Vertical Farinidglumbia University SPSarth Institute

Edenwor ks o produce ra
laverder to rainbow chard, greens, lettuce, micro
radish, mico arugula, tomato and peppers.
Target markets are chdfiven customers,
restaurants and food dedry services such as

produce rating systems should be made
affordable, so that small players are not
excludedi as the urban and vertical farm

industy is still in its early stages andcludes
many small players
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E d e n wagudpanit vertical farm in Brooklyn, NY(/13/2015). Photo Credit: Mayzzeddine.
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VEGETABLES

SkyVegetables, Bronx, New YorHnterview & Tour

Sky Veget abl es ésqueira fooh i somraumity 8prefefs O different crops. Sky
hydroponic facility in the Bronx, attached to a  Vegetables uses a Wadsworth system for

LEED Platinum affordable housing building. greenhouse control that maintains interior
The facility produces 2402500 pounds of temperature, light, rain and light wind. Different

produce a week?Q0 cases). The farm utiés a vents are opened at specific times to regulate
hydroponic system with foambased material tempeature, and a shade cloth is used for

( A Oa asagmying medium. This medium is heating and energy control. The facility has five
effective and inexpensive, but is not reservoirs, allowing for nutrients to be supplied
compostable. The produce does not need to different crops at different times. A 500

pesticides due to the secured environments. The gallon barrel distributes water to different
farm use nursery spacing, which is three inches  channels while continuoustgsting the salt, PH

between plants instead of six, requiring and solution levels. Sky Vegetables sells live
additional labor and higher loss due to the higher produce, with the entire plant harvested and

density. Sky Veget abl e snéertetl directlyensota bag, wipch reduees labar d
challenge is managing staff, as there is high intensity and allows the produce to stay fresh
turnover and pay is typically mimum wage. longer. The energy use at the facility was
Additionally, more advanced technology will nedigible over the summer, and the farm has not

bring higher wages but fewer jobs. There are yet operated through a winter season. Waste heat

five employees at Sky Vegetables, including a is utilized at the facility, but the amount is not

greenhouse manager and a head grower enough to supply the entire farm, so commercial
heaters have been purchased for backup.

Sky Vegetables grows basil, cress and arugula, Packaging is a huge sband adds to waste
and sells produce across NY, as the local  streams

SkyVegt abl esd Andrew Carter explains the hydroponic syst
Bronx (10/13/ 2015). Photo Credit: Kiley Miller.
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HARLEM \ GROWN

Harlem Grown, Harlem, New Yordnterview & Tour

Harlem Grown is an independent, Aorofit
organization founded by Tony Hilleryit was
established in 2011 as an educational
community garden with the aim to provide
Harlem students with environmental
education/training in urtmafarming and healthy
nutrition, and contribute to the Harlem
community. Harlem Grown consists of three
opeating facilitiesi a greenhouse, a garden and
school gardens (including an agquaponic demo in
school). To build the facility, recycled tire
pathways, salvaged wood, salvaged tools and
donated growing supplies were used. Their
8,000 square footgreenhousesi based on an
interior hydroponic syem which operates year
round compared tthe outdoor garden where the
total annual harvest is limited to 7 months. The
types of crops grown range from diversified
vegetables to fruit trees and herbs. The average
distarce that food travels isboutone mile, as
the produce is directly collected by Harlem
families (given away in the neighborhood) with
minimal distribution to local restaurants. As
food is directly harvested and distributed, there
is no storage requirement

Organic pesticide (sprays) and fertilizers
(organic nitrogen) are applied to grow the crops.
The organizationds mi
no charge to the community, but the price at
which Harlem Grown products are distributed to
local restaurantsra under market rate. The main
challenges to run the garden and the greenhouse
are lack of sunlight (natural light is available in
the greenhouse less than 2 hours/day,- soil
pockets of 45 hours/day), managing donations
of materials, attracting trained la) consistency

of production and distribution, and social and
political challenges. Among categories ranging
from energy and water efficiency to waste
production and food quality, community service
was ranked the most important category for
Harlem Grown,as this is the most relevant to
their mission. Although they do not believe there
is a need for certification, they suggest the
following metrics should be standardized across
the urban and vertical farm industry: resource
input, waste diversion, social pact and
charitable donations

Ag-Tech Week tour of the hydroponic greenhous¢aatem Grown farm (10/13/2015photo Credit:

Anna Harutyunyan

Association for Vertical Farinidglumbia University SPSarth Institute
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Center for Urban Agriculture, Seattle, Washingteinterview

Designed in 2007, the Center for Urban
Agriculture is a conceptual project by pre
eminent sustainable design firm Mithun. The
design for the project combines a miidimily
residential building wh agricultural features
including rooftop and fagadetegrated gardens
and greenhouses
The building concept was focused el
sufficiency, and was inspired by the
development of the Living Building Challenge
certification system. Integrated systems were
designed to provide food, water, and electricity
for the tenants, including necessary storage
measures to account for seasonality. The vertical
construction of this project would allow the site

to include more than an a&wof native habitat
and farmland on the building.72 acre
footprint This project is significant not only in
that it represents a seiftifficient prototype, but
also in that it represents a complete integration
of passive energy efficiency measures coradi

t ocantd. e e dwitht both algriculturadl isystgniss and -®ie

renewable energy generation. This project is
fully designed, but has not begun construction.
The inclusion of a systems ecologist as a
member of a design team is not common, and
could set a precedent for fueurprojects that

include agricultural components. Interviews
were conducted with the systems ecologist for
the project, as well as the lead architect

Center for Urban Agriculture. Digital imagwlithun. N.p., n.d. Web. 12 Nov. 2015.
<http://mithun.com/projects/project_detail/center for urban_agricutture/
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Green Spirit Farms

Sustainable Vertical Farming

Green Spirit Farmd\lew Buffalo, Michigan Interview

Green Spirit Farms is a private company
founded by Milan Kluko with an initial capital
investment of $3 million. The company is
growing rapidly, withcurrentestimated annual
revenue of approximately $75,000re8n Spirit
Far msé operations
Buffalo, Michigan, where their 43,008quare
foot uninsulated waretuse building includes a
26,000square foot grow room and 8,000 square
feet of space used for growing seedlings in a
nursery, sanitation and nutrient tanks,
packaging, and storage. The New Buffalo,
Michigan farm services Greater Chicago, an area
with 800000 people concentrated in a-&ile
radius. According to Mr. Kluko, it only takes an
hour and 20 minutes to get to downtown
Chicago

Green Spirit Farms is the only vertical farming
company with multiple vertical farms, with
locations operating or in development in
Michigan, Detroit, and West Virginia. On Earth
Day, 2015, Green Spirit Farms opened a second
farm (Artesian Farms), locatedin the
Brightmore neighborhood of Detroit, Michigan.
This farm was established via social investors,
and is housed in a 12,08Quare foot building
which includes a 6,068quare foot grow floor.

A third farm is currently under development in
Charleston, W&t Virginia, and expected to be in
operation by the end of 2015. To develop this
third farm, Green Spirit Farms has partnered
with KISRA (Kanawah Institute for Social
Change and Action, Charleston, WV), a faith
based organization purchasing not just a

Association for Vertical Farinidglumbia University SPSarth Institute
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growing platform, but rather a full service
business model from Green Spirit Farms.
KISRA is completing this project through partial
funding from the State of West Minia
Agricultural Commission, athe State of West
Virgiwia is attemptigghtdL.répurpose didiiiegs

in orderto eliminate food deserts in the region

After finding out about the KISRA project, the
Omaha Economic Development Corporation
(OEDC) hired Mr. Kluko to conduct a feasibility
assessment for developing a vertical farm or
multiple greenbuses in Omaha. The Omaha
area has been designated a food desdth w
approximately 750,000esidents. Recognizing
that this project has thgotentialto create a lot
of jobs, the OEDC quickly signed an agreement
with Green Spirit Farms. Omaha now has the
funding to set up a demonstration farm, which is
going to be housed in a building in Northern
Omaha that the OEDC has owned for ten years
but has remained vacant

Green Spirit Farmsdé mai
New Buffalo, Michigan, includes a slevel
indoor hydroponic vertical farm utilizinga
rockwool growing medium. The farm uses their
own proprietary system called Multiple Vertical
Growing System (MVGS), which has been
developed to optimize outputand reduce
nutrient use and lighting The system has
evolvedsinceGr e e n
in 2011 and is continuously being upgradasd,
the system was designed to allowhe
replacement of individuatcomponents as new
technologyis available irthe market
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BRIGHT

FARMS

BrightFarms, New York, New Y orlnterview

Bright Farms grew out of the New York Sun
Wor ks o 2008 Science
contained bargeyreenhouse with solar panels.
Using renewable energy in affat to create a
nearly carbomeutral farm, the Science Barge
offers a rooftop garden prototype and a public
demonstration of wurban farming. Two
greenhouseswvere installed onan old barge,
previously parked on the Hudson RivatrNew
York Cityobés 68th
the Science
tracking solar panels, and an array of small
windmills and a biodiesel generator supply any
additional energy aequired? After the Science
Barge project, thereatorsbegan a consultancy
arm called Bright Farms Systemsand later
divided with one starting Gotham Greens and
the other leading Bright FarmdOriginally,
Bright Farms wanted to grow on rooftops, but
they found that many NYC roofs lacked
structuralstability, and it would be expensive to
retrofit all of these unsuitable roofs to be able to
sustain the weight of greenhouses

Today, Bright Farms operates a 45,80@are
foot nonvertical hydroponic greenhouse in
Pennsylvania, using an NFHystem and aond
raft system.They started by growing tomatoes
and baby greens, but they now only grow baby
greens as they found that tomatoes were difficult
to grow in a financially sustainable way. The

greenhouse is equipped with vents that

B aautgreaticaliyr twrn av@a ta monieringssgstern

and lights that automatically turn on when the
amount of available natural light becomes dim.
Water is continuously recycled into the system
with minimal losses, and a rainwater catchment
tank collects rainwater, which is then pumped
into the NFT system.

St r e e tBright Fasms usesRtae NGBMO yabelgop hIr o f
Bar ge 6s -e n e pagkage Dyenie their sliiby growingyrpethady n

Bright Farms could not certify their produce as
organic, since currently only sdilased growing
methods can qualified as organic. Since Brigh
Farms uses a lot of natural light in their growing
operations, electricity is not theidargest
expense. Instead, their two main operating costs
are the cost of labor and the cost of the growing
medium Bright Farms follows a safety pitol
designed usig the Pennsylvania Good
Agricultural  Practices (GAP) Certification
checklist, and traindood-packaging staff on
GAP methods. These methods include specific
criteria for hand washing, gloves, hair nets, food
pads at entranceways which sanitize shoes,
spedfic refrigeration temperatures, mouse traps
every 20 feet, sanitizing floors, and a log which
notes who is in the greenhouse and whether or
not they passed the safety protocol trainings.
Additionally, workers are subject to periodic
surprise food safetyhecks
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Urban Agriculture Solutions, Noble Rot, Portland, Oregdnterview & Tour

This Portland, Oregehased restaurant with a The farm also hopes to implement an aquaponic
rooftop garden provides fresproduce to its system in several beds in the coming year. In
customers, and is a relatively smsdlale this way, the farm is consistently testing the
operation compared to industrial vertical farms.  viability of new plants whilgroviding a unique
The rooftop requires no artificial light and and diverse selection of menu items for the
minimal energy and water use, while providinga  restaurant below. In addition to providing fresh
very diverse variety of produce on a yeannd local food to customers, Noble Rot and Urban
basis. ®iall-scale commercial farms are Agriculture Solutions have shared goals of
designed differently and face a different set of revitalizing their urban space with organic
operational challenges than larger farms, such as surroundingsand reconnecting city dwellers
structural engineering concerns with  the environment and their food

The Noble Rot exists solely to serve the
restaurant below, and the rooftop farm grows a
diverse selection of seasonal etaples and
fungi that influence the frequently changing
menu of the restaurant. The rooftop farm is
designed and operated by a subcontractor: Urban
Agriculture Solutions, a small organization that
serves Portland and the surrounding region. The
farm is asoil-based growing operation, and is
challenged by structural limitations of the
existing building. To address these conditions,
Urban Agriculture Solutions designed a system
of shallow growing beds, and chooses plants
capable of thriving in minimal soilot limit
over all | oad on the bui
season is about 8 months long, during which the
operator is constantly experimenting with new
types of plants. For example, in late season after
a bed has been harvested, the leftover stalks and
roots are covered with mulching material rich Noble Roto6s Rooftop F:
with spores of different types of mushrooms. Digital image.Noble RotN.p, n.d. Web. 12 Nov.
2015. <http://www.noblerotpdx.com/web/garden
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GrowWise Center, Philips Lighting, Eindhoven, the Netherlanbgerview

GrowWise is a project developed by Philips
Lighting, and the farm occupies part of a floor in
a preexisting building. Unlike most other farms
interviewed during the course of this study,
Philips is developing GrowWise as an indoor
prototype farm for research puges only. The
location was formerly used for laboratory
purposes, so installation of an indoor vertical
farm was easily implemented as much of the
water piping and other infrastructure was
already in place. The farm uses hydroponic
methods to grow lettucand other greens, and
almost all of the water used in the system
remains in the systenthe only water losses are
attributed to evapotranspiration. Nutrients are
added to the hydroponic system, and no
pesticides are used at GrowWise. Packaging is
not requred due to the researcmly nature of
the operation. In this operation, Philips is
focusing on

optimi zing gotighased | | ght

optimal vertical farm output. Once the optimal
balance of light is determined, Philips hopes to
expand on a larger scale

According to Caroline Santamaria of Philips,
two main considerations for this study are: 1)
focusing on reeducating the consumer, as many
consumers may be reluctant to eat produce
grown using new techniques such as vertical
farming practices. This redu@tion needs to
come not only from those involved in the
vertical farming sphere, but also from unbiased
sources such as governments or nonprofits. 2)
The life-cycle assessment is the most valuable
tool in designing a vertical farm certification
system. Ms Santamaria stresses that the
certification system should have a full picture
approach to vertical farms, since often there are
many interlinked characteristics that otherwise

Areci peod

Philips GrowWise City Farming research center imdhoven, the Netherlands. Digital
image.RoyalPhilips. N.p., n.d. Web. 28 Nov. 2015t#p://www.newscenter.philips.com
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