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01THE PROPOSAL



THESIS ABSTRACT

Only 17% of America’s land is considered ideal for agricultural purposes.  However, 

traditional agriculture ruins our land in the long run by depleting the soil of essential 

nutrients.  By conserving the land, we can reap its many benefits.  To name a few, 

conserving the land can play a role in reducing air and water pollution, preserving 

biodiversity, preventing soil erosion, and can aid in sequestering greenhouse gases.  

Because land is such a vital resource, we can further preserve it by bringing vertical 

farming into urban environments.  This yields the question: How can architecture 

be designed for food production to have an impact on the health of people and the 

environment?

The research begins with analyzing several precedent studies of urban agriculture 

and its implementations within different architecture typologies.  The research 

cumulates in the final design of urban farms designed for several settings, including 

new and existing markets, a stand-alone structure, and several scales of mixed-use 

buildings.  

08figure 2.1



THESIS NARRATIVETHESIS NARRATIVE

PREMISE FOR INVESTIGATION

This project investigates how the benefits of vertical farming greatly outweigh any drawbacks.  It 

examines how traditional, crop and till, agriculture is harming the environment by contributing 

to climate change, utilizing more than what is necessary of important resources like land and 

water, and the challenges that growing faces with urbanization and other environmental-related 

factors.  Even further, research explores how urban, vertical farms contribute to the community, 

and provide more nutritious food to the people at a more readily available time and location.  

All of these explorations ultimately examine an issue that can be mindfully thought about and 

implemented in terms of architecture and urban planning.

THE EXPLORATION

The future is vertical.  With a growing population and less and less land being available, we are 

being forced to build up.  What is to say the same cannot go for farming?  Much of the United 

States is suffering from the loss of land resources – cities and surrounding suburbs are among 

those with the fastest rates of loss.  One particular loss is that of viable land goes to agriculture.  

Continuing with our current trajectory, the future is becoming less and less green.  

Land and water are valuable resources.  Land provides home to several ecosystem dynamics, 

such as vegetation, wildlife, and people.  Land is also valuable to other resources.  It harbors 

minerals and raw materials.  It aids in the regulation, storage, and flow of surface water and 

groundwater.  Water, like land, is not an infinite resource.  This is important to note because 

traditional farming practices currently account for over 70% of global freshwater withdrawals.

Another environmental issue is that traditional agriculture and global climate change 

simultaneously harm each other.  Agriculture is one of the largest contributors to global warming.  

Two of the harmful gases produced by farming are methane and nitrous oxide.

As we know, urbanization has led to the present-day issue we refer to as urban sprawl.  Urban 

sprawl impacts the amount of land available for agriculture.  Urbanization has called for an 

increase in demand of food for its residents.  However, these urban settings have little to no 

immediate access to fresh food and many agricultural practices are nowhere in sight.  By bringing 

vertical farms into urban areas, food can be ready for consumers within as little as an hour.  

Creating plans like these ensure that food should not be treated as a commodity; it is a necessity.	

Farming year-round is not compatible in most climates.  By creating controlled environments, 

you manage the soil, precipitation, humidity, and temperature.  Indoors, there is no need to 

worry about the outdoor environmental conditions and food can be produced at a maximum 

yield with no off season.  Several regions are not compatible for crops in the first place because 

of inadequate environmental factors.  With this plan, food can also be produced in areas of the 

nation that have never had any local agriculture and crops from other climates can be brought to 

our nation.  This gives easier access to not only food in general, but food that is healthy.
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08

In North America, the average meal travels approximately 800 miles from its point of production 

to the consumer’s plate.   In order for food to travel such a distance it must be harvested well 

before it becomes ripe.  This causes the food to lose its nutrition value, as well as contribute to 

the negative emissions our Earth faces.

By growing food in a controlled environment, it is healthier for people and the planet.  These local 

facilities can avoid using synthetic pesticides and fertilizers.  Advances in technology allows for 

LED lights to improve the flavor of food.  This is done through altering the wavelengths of the 

light and modifying the different amount of light intensity and exposure on a daily cycle.

THE CONTEXT

Washington, D.C. is home to the United States Department of Agriculture, the sector responsible 

for the development and execution of all federal laws related to farming, forestry, rural economic 

development, and food.  Our country currently uses over 52% of its land for agriculture.  And 

even though Washington D.C. is known to have high marks when it comes to green spaces and 

parks, it is still subjected to the inevitable slow and steady decline.

Like everything else in today’s world, technology is creating new advances in how the built 

environment affects our lifestyle.  The typical definition of an urban farm is the practice of 

cultivating, processing and distributing of food in and/or around an urban environment.  Vertical 

farming is a newer term, meaning the practice of agriculture in vertically stacked layers.

The master plan for this project creates several options of how architecture, both new and 

existing infrastructure, can house the future of our food.  This project explores some different 

implementations throughout the community.  There will be an urban farm center housing various 

food-bearing plants, water features, nature walks, learning opportunities and other sustainability 

practices open to the public.  There will be a grocery store addition, housing farms to grow local 

produce for the store to sell.  There is an installation of how this can be incorporated into the 

typical multi-usage building, creating not only food but also refuges for people to rest and work in 

a biophilic environment.  The final implementation is on an institutional campus where research 

and food production benefit each other.

figure 3.2



PROJECT TYPOLOGYPROJECT TYPOLOGY

The proposed design will be the revitalization of the urban environment through 

multiple architectural typologies. One typology serves as the core of this project while the 

others are considered to be satellite typologies supported by the core.

 

	 Stand-alone urban farm community center

	 Mixed-use building typology with built in vertical farming 

	 Farms integrated into a grocery store

	 Institutional farms for research/education, campus production04

03

02

01
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THE TYPOLOGICAL RESEARCHTHE TYPOLOGICAL RESEARCH

The typological research includes a variety of case studies, whether they are existing or proposed 

architectural projects, urban planning and design projects, journal articles, published scientific 

data, and other precedent information.  Due to the different projects in this thesis and the 

varying of programs and usages, there are also varying research pieces.  Some may pertain to 

only one project while others may contribute input to several or all of the projects in this thesis.

16figure 5.1
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CASE STUDY ONE

URBAN FARMERS URBAN FARMERS 
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impressions

TOTAL AREA: 1747 sq. meters

COMMERCIAL: 334 sq. meters

TOILETS: 16 sq. meters

AREA FARM 1: 972 sq. meters

AREA FISH 1: 88 sq. meters

AREA FARM 2: 265 sq. meters

AREA FISH 2: 72 sq. meters

vertical farming

entrance

respect area 
for access to 
technical facilities 

commercial area

horizontal farming

fish ponds

TOTAL AREA: 412 sq. meters

URBAN FARM AREA: 298,2 sq. meters

FISH AREA: 38,4 sq. meters

CAFETERIA+SHOP: 75,3 sq. meters

horizontal farming

top view

This project uses large, flat, homogeneous, and unused mechanical 
rooftops to create urban farms.  Urban agriculture has a lot to do 

with the use of unexpressed potential of the metropolis, turning 
them into areas of productivity.  This architecture consists 

of prefabricated modules that house the various areas of the 
program.  The program includes greenhouses for plant production, 

administration offices, storage spaces, and more.  This model allows 
for food production to happen on any flat industrial building.



CASE STUDY TWO
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ALTURA ARQUITECTES

OFFICE MULTISTORY

2021 [COMPETITION]

ANDORRA LA VELLA
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100% recycled copper facade 

large void creates the garden atrium

figure 5.7



impressions

The Andorra Telecom New Headquarters is a prime example of 
how to bring healthy food to the working class.  This project uses 

an existing building’s central tower to implement agricultural 
techniques.  This shows how having a void in new and existing 

infrastructure can be transformed into a biophilic space that allows 
for a growing atrium, natural refuges, and more.

Sustainability is approached through materials selection and its 
impact on energy efficiency.

figure 5.8



CASE STUDY THREE
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THE PROGRAM
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impressions

EFFEKT is a self sustaining, off-the-grid village of greenhouse 
properties.  The purpose of this project was to tackle a wide variety 

of global issues.  Some of those being food shortage, water crises, 
and CO2 emissions.  This program includes homes, greenhouses, 

aquaponics, seasonal gardens, livestock, solar cells, water storage 
and systems, community houses, social spaces, infrastructure, 

smart grids, and electric car charging ports.



CASE STUDY FOUR

AGRITECTURE 
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impressions

Global population is on the rise, natural resources involved in food 
production are threatened by climate change, and urban sprawls are 

continuing to take up more and more space.  This is where architects and 
urban planners must come together to build a more food-secure future.

Henry Gordon-Smith explains “Agriculture and architecture have 
been intertwined since the dawn of human settlement.  But in recent 

history, we’ve lost that connection.  ‘Agritecture’ is about bringing that 
connection back and making it work for a modern society through smart 

planning and data-driven solutions.” 

RETAIL APOCALYPSE
Retail spaces are slowly dying as technology advances and 
online services are readily available.  This site is comprised 
of 15 hectacres.  The proposal is to update the site by 
integrating innovative food production with a new type of 
shopping experience.

FUTURE CITY FOOD HUB
This concept illustrates the rehabilitation of a downtown parking structure 

into an indoor vertical farm and rooftop greenhouse.  The hub also contains 
spaces for food processing and retail.  This facility produces over 100,000 

pounds of food annually.

AUTONOMOUS VEHICLE FUTURE
The need for parking lots is diminishing.  The RAND team 
envisioned a purposeful solution.  They re-purposed a 
200,000 square-foot concrete IKEA parking lot in New 
Jersey for local food production.  This plan includes 
greenhouses, vertical farms, and outdoor community 
spaces.

figure 5.15
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CASE STUDY FIVE
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impressions

Over 95% of food in the United States is required to travel more 
than 1.6 thousand kilometers to reach its retail location.  This 

coins the term food miles.  By significantly reducing food miles 
traveled, we can have food that is more nutritious and fresher, 

and environmental impacts are significantly lowered.

Food production projects are designed to bring food closer to the 
consumers.  With a projected population of exceeding 9 billion 
people in the near future, we do not have the needed space to 

continue farming with horizontal and traditional methods.

These spaces create food and nutritional security, sources of jobs 
and incomes, and is inclusive of all people to be social involved.  

Some of these projects are making appearances across the world 
already.  Some of these projects are listed below:

14,000 square-meter urban farm rooftop in Paris, France

modular aeroponic systems squeezed into dense areas of New 
York City, New York

urban agricultural district of Shanghai that includes farms, 
laboratories, innovation studios, and public interaction and 

education

an office in Tokyo, Japan that dedicated 20% of its area to 
vegetable cultivation

figure 5.22



CASE STUDY SIX
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impressions

This older project is one of the first examples of green architecture.  
It had a vision for the future of greenspace that is slowly coming 

to life everywhere.  This mid-rise building has 14 terraces that are 
open for public interaction to the newly developed ‘park’.  The 

program consists of reflecting pools, waterfalls, and over 50,000 
plants.  By entering this park you may no longer realize you are in a 

densely built city.

This self-contained ecosystem provides fresh air, reduces pollution 
and noise, and contributes to the reduction of the heat island 

effect.

figure 5.25
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URBAN AGRICULTURE
Urban agriculture involves many different 
types of food-producing spaces, stakeholders, 
resources, and policies, and contribute many 
benefits.

figure 5.31



This project is important to me because I am passionate about a more sustainable future.  

I want our planet and its people to maintain and better their well-being.  The best way 

to create a healthier planet is to change the course of how we treat our land.  The best 

way to create healthier people is to provide them with food that is rich with the essential 

nutrients their bodies’ need.  

This is where urban farming contributes to both.  Urban farming creates a more 

sustainable form of agriculture.  It cuts down on the amount of land and natural resources 

we use, it creates and utilizes renewable energy sources, and builds a more practical 

future.  By farming locally, we cut out the unnecessary pesticides and chemicals and are no 

longer required to harvest crops well before their time for transportation purposes.  This 

provides the people with much healthier and nutrient-rich food.

Communities can benefit from this tactic for several reasons.  Like previously stated, it 

is creating a healthier future.  These spaces can be a place for people of all ages to grow, 

experience nature, and become educated in basic crop sciences.  Like a typical community 

garden, these are spaces to network and be hands on through a farm to table process.

58
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PROJECT EMPHASIS

These architectural pieces should be created in a way to maximize the 

amount of renewable energy collected and utilized.  This is important 

for the environment as a whole, as well as the produce being grown.

60
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Design Sustainably

These urban farms will foster the opportunities for networking of all 

ages and demographics.  Several opportunities are created for people 

to be involved in different processes or even just enjoy the spaces 

without being hands on.

Community Connections

Year-round usage is important because the users need access to 

these nutrients at all times of the year. These facilities should be in 

production at all times as nutrient-rich, flavorful food is needed at all 

times.  Designing for year-round usage allows the facilities to be built 

in less-than-ideal climates.

Design for Year-Round Usage

‘Agritecture’ is the art, science, and business of integrating agriculture 

into the built environment.  This is a term that is on the rise and will 

be a part of our future.  Food is an important aspect of our daily lives 

and it is important to understand where our food comes from, how 

we can lead a sustainable future while implementing technological 

advances, and maintain the health and wellbeing of ourselves and the 

environment.  

Implementation of Educational 
Opportunities

It is important that these farms are accessible to everyone.  

Convenience is also key.  People tend to eat healthier and lead 

healthier lifestyles when it is easy to obtain.

Accessibility & Convenience



MAJOR PROJECT ELEMENTS

When it comes to the program, there are several overlapping elements.  Some of the commonali-

ties consist of numerous spaces as well as attributes to be implemented.

crop beds, growing structures, greenhouse

waste, green waste, composting and 

recycling

bulk materials storage

tool and facilities storage

produce washing and packing stations

aquaculture

greywater system

water storage cisterns

water harvesting system

irrigation system

solar energy collection system and 

converter

SPACES ATTRIBUTES

62

children’s garden beds

nature paths, park, play area

areas of refuge

water features, koi ponds,

pollinator patches

cooking demonstration areas

community center

mixed-use building

marketplace
secluded farms

viewing gallery

individual vendor spaces

consumer circulation

areas of refuge

work and hangout nooks

adequate circulation

institutional

research laboratory

demonstration booths

nature paths

work nooks, areas of refuge



USER / CLIENT DESCRIPTION

This thesis project is constructed to serve both the people and the planet.

With numerous projects taking place in an urban setting, the overall goal is to 

serve the community.  Each facility does its part to contribute and give back 

in their own ways.
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FAMILIES

COUPLES

SINGLES

community center

mixed-use building

marketplace

institutional

HOBBYISTS

WORKERS / SPECIALISTS

RESEARCHERS 

TENANTS

SHOPPERS

STORE WORKERS

FARM SPECIALISTS

STUDENTS

FACULTY

RESEARCHERS



GOALS OF THE 
THESIS PROJECT

figure 6.1
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Generate a project that stresses the importance of a research-based 

design that utilizes my previous educational knowledge.

Create a primary example, future designers and architects can 

reference when moving forward with more sustainable vertical farming 

practices

Provide various solutions of how these urban farms can take shape – 

stand-alone, attached to other buildings, inside markets, etc.

0101

0303

0202

Theoretical Goals

Design indoor urban farms that are sustainable and can be maintained 

year-round in less suitable agricultural climates

Create solutions that do not harm current architecture but instead 

contribute to the future 

Physical Goals

Create a contribution to the community through the proposed urban 

farms

Educate people on the importance of the future of our environment, 

the future of food, and how architecture can play a role in that

Social Goals

Get 8 hours of sleep per night! Maintain a consistent bedtime and 

wakeup schedule.

Eat healthy and get outdoors even when school gets hard!

Make time to be social with friends and family.

Personal Goals

0101

0303

0202

0101

0202

0101

0202



PLANS FOR PROCEEDING

Definitions of Research Methods

Plan for Design Methodology

Plan for Documenting the Design Process

Project Schedule

Definitions of Research Methods

unifying idea
To research for the unifying idea, a future of food and farming through architecture, we must 

understand the timeline.  We need to know how we started, where we are now, and where we can 

go from here with architecture and urban planning as the solution.  To create healthier people 

and a healthier planet, the necessary research is needed in these categories.

Researching the project typology will be done through various case studies.  Because the 

proposal includes several different design typologies, there are also different case studies that 

apply to either one, multiple, or all ideas.  Through this research, data was collected regarding 

scale, technology, amenities, and other specific traits to each proposed design.  This data will aid 

in guiding the architecture to successfully serve the people and the planet.

To understand the historical context, it is important to research the beginning of traditional 

agriculture and where we are now.  Understanding how traditional agriculture works and what the 

downsides of it in today’s world is important in designing for the future.  It is also important to 

research climate change, issues with natural resources, and other factors related to what makes 

traditional agriculture harmful.

historical context

project typology

Site analysis for this project will be done virtually.  Research will be done through scholarly 

articles that provide data related to urbanism, green spaces, and agricultural trends locally 

and nationally.  Sites within the project vicinity will be chosen through research done with the 

geographical information system (GIS) and other land survey programs.

site analysis

The programmatic requirements are based on several factors.  The first set of requirements 

is found through researching what vertical farming needs to function.  Another set based on 

the activities taking place in these facilities.  And furthermore, investigating how to make the 

architecture more sustainable and what contributions it can make to the urban environment.

programmatic requirements



Plan for Design Methodology

One of the most utilized methodologies for this design proposal was case studies.  Numerous 

case studies were found and analyzed.  There will be special attention to how these buildings 

function and how these can be accomplished in a sustainable manner, what amenities they house, 

and what they contribute to the community.

Experimental research will be conducted to contribute data comparing nutrients in a select 

produce of a store-bought setting versus the content found in a locally grown hydroponic setting.  

This scientific experiment will measure the different values of nutrients, vitamins, and chemicals 

found on the produce.  This will be conducted in a sterile and controlled environment.  The 

hydroponic system will be a documented process as well to make general observations.  This 

experiment is the premise of why architecture for food should be our future.

Case studies, journal articles, and all other precedent studies will be analyzed and documented in 

various forms of narrative, images, charts, and diagrams.  These different sources of information 

come together to build the basis of design and the direction of the final project.

70

Plan for Documenting the Design Process

Through readings and case studies, the necessary activities to make these spaces 

function were identified.  These activities are based into different categories based 

on the different clients and users specified.

These activities are to be determined throughout the research and design phases.

These activities are recorded in numerous working documents.

documentation of activities

Once the activities are identified, the spacial programming and space-specific 

elements are to be determined.

The spatial design elements are recorded after the activities are solidified.

These elements are input into the working documents and eventually take diagram 

form throughout further research and design.

documentation of spatial design elements

WHAT?

WHEN?

HOW?

documentation of final design

WHAT?

WHEN?

HOW?

The final design implementation will be documented in various ways.  There will be 

physical documentations as well as virtual items.  All items will be  created with the 

aid of several software engines.

The different methods of deliverables will be determined as design progresses

There will be physical deliverables, boards and more, to be on display prior to 

presentation and to supplement the presentation.  Virtual documents include  

project boards, and the thesis book to be posted to the NDSU repository.  With the 

aid of VR, there will also be a three-dimensional project space.

WHAT?

WHEN?

HOW?



Project Schedule
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figure 7.1

THE SITE

76

The capitol of the United States, Washington, D.C., has always been ranked highly when it 

comes to the number of green spaces it provides for its people.  When you think of traditional 

agriculture you don’t often picture any urban setting, let alone our nation’s capital.  That is 

simply because the nearest crops are often distant due to the urban sprawl creating by these 

metropolis areas.

Washington, D.C. is located approximately halfway between what we consider our coldest parts 

and warmest parts of the United States.  It is considered a semi-continental climate, meaning it 

has cold, snowy winters and hot, muggy summers.

Some prerequisites of the site consist of its solar access, available water sources and adequate 

drainage capabilities.



Washington, D.C. is the ideal city to accept this huge stride forward. The United States Green 

Building Council released that it is the first ever LEED Platinum City in the World.  This city is 

also home to the Department of Energy and Environment.  The Clean Energy DC Act (2018) is 

the most aggressive climate change legislation and is the first 100% renewable energy bill in the 

nation.  These are just the surface of what this city represents when it comes to a greener future.  

This thesis project is taking this city and its policies to the next level of sustainability, agriculture, 

and architecture.

78

population

701,974

density

10,984 people 
per square mile

parks

643+

parkland

7,800 acres

QUICK 
FACTS

#1 city for 
public transit 

#3 greenest city 
in america

#1 city with 
access to 
farmers’ 
markets

35+ 
organizations 
that focus on 
sustainability

THE 
NUMBERS
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CLIMATE DATA & DEMOGRAPHICS

20%

10%

30%

POPULATION BY AGE (%)
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0.1%

4.5%

43%
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HOUSEHOLD DATA

AVERAGE HOUSEHOLD SIZE HOUSEHOLDS WITH CHILDREN

FAMILIESHOUSEHOLDS

316,586 HOUSEHOLDS 131,238 FAMILIES

2.060 PERSONS 63,900 HOUSEHOLDS
(20%)

figure 7.2



N

overview

50.00 ACRES

WARD 5

UNZONED PARCEL(S)

overview

1.25 ACRES

WARD 2

R-3 ZONING

overview

0.50 ACRES

WARD 6

D-6 ZONING

overview

1.00 ACRES

WARD 8

MU-14 ZONING

COMMUNITY COMPLEX

MARKETPLACE FARMS

MIXED-USE FACILITY

INSTITUTIONAL GARDENS
satellite location 1

satellite location 2

satellite location 3

(ALL VIEWS TAKEN FROM SOUTHWEST)

figure 7.3



COMMUNITY COMPLEX

SITE

N
O

R
TH

 C
A

P
IT

O
L 

ST
R

E
E

T 
N

E

IRVING STREET NW

SCALE GATE ROAD NE

H
A

R
E

W
O

O
D

 R
O

A
D

 N
E

3850 HAREWOOD ROAD NE

N

INSTITUTIONAL GARDENS

4010 RESEVOIR ROAD NW

SITE

CANAL ROAD NW

POTOMAC RIVER

RESERVOIR ROAD NW

N
84

figure 7.4 figure 7.5



MIXED-USE FACILITY

1400 L STREET NW

SITE
14

th
 S

TR
E

E
T 

N
W

L STREET NW

VE
R

M
O

N
T 

AV
E 

N
W

K STREET NW

N

MARKETPLACE FARMS

SITE

FIRTH STERLING AVENUE SE

HOW
ARD ROAD SE

SUITELAND PARKWAY

1101 HOWARD ROAD SE

N
84

figure 7.6 figure 7.7



CONTEXT
SOCIAL | CULTURAL | HISTORICAL

Our society has been struggling to combat climate 

change for years.  Climate change has been harming 

our planet and our people since the beginning of 

settlement.  A large portion of what leads to climate 

change is the world’s carbon emissions.  Each sector 

of global emissions relates back to the harmful 

impacts of traditional agriculture from the land use to 

transport to power to waste and more.

SOCIAL

GLOBAL EMISSIONS BY SECTOR

24%
Agriculture

and land use

6%
Buildings

10%
Other

25%
Power

14%
Transport

21%
Industry

36%
Other

22%
Iron & steel

13%
Cement

15%
Chemicals

14%
Waste

25%
Trucks

11.2%
Ships

10.6%
Planes

4.5%
Other

47%
Cars

figure 8.1
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SETTLED FARMING

ROMAN GARDENS

SACRED LANDS DEVOTED TO AGRICULTURE

HANGING GARDENS OF BABYLON

EGYPTIAN GARDENS
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MONASTIC GARDENS

TROPICAL GREENHOUSES

LANDSCAPE ARCHITECTURE

ENGLISH GARDENS

BOTANICAL GARDENS

FRENCH & ITALIAN GARDENS

Z-FARMING

BUILDING-INTEGRATED AGRICULTURE

AQUAPONICS

VERTICAL FARMS

COMMUNITY GARDENS

ALLOTMENT GARDENS

GARDENS IN INDUSTRIAL REGIONS

NEOLITHIC

MODERN
AGE

MEDIEVAL 
AGE

ANCIENT
AGE

CONTEMPORARY
AGE

Traditional crop and till agriculture is rooted deeply 

in American culture.  Agriculture was first developed 

over 12,000 years ago and has seen many forms since, 

ranging from hunter-gatherer to permanent farm 

settlements.

Agricultural education has come to recognize the 

value of embracing a multicultural attitude and the 

need for recruitment of culturally diverse individuals.  

A multicultural approach allows for individuals of all 

backgrounds to teach and learn from each other of their 

differences when it comes to agriculture.

CULTURAL HISTORICAL

figure 8.2



SPATIAL PROGRAMMING & 
PERFORMANCE CRITERIA

Executive Summary

energy consumption
Energy consumption can be estimated in simulation software.  Real-time energy consumption 

is measured through metering systems.  These hypothetical systems are to be installed during 

construction and track the amount of renewable energy that is obtained and stored.  These 

systems also track how much energy is utilized on a daily basis by the essential functions of the 

facility.  This specific criterion will be met if the renewable energy sources can provide for a set 

amount of the energy needed to keep the facility as energy clean as possible.

The goal of this thesis project is to utilize architecture for food production to create healthier 

environments for both people and the planet.  A large portion of this project is based on 

sustainability and community.  To determine if these aspects are accomplished there will be 

performance criteria in place.  The various performance criteria are established in compliance 

with The WELL Building Standard™ and the Living Building Challenge    .  To uphold these 

standards, there are also performance periods required by them to receive the certifications 

after construction.

SM

In order for these structures to perform their necessary functions, the facilities must maintain a 

balanced ecosystem that is appropriate for the program’s needs.  LEDs and natural daylighting 

will provide the required lighting.  Thermal qualities will be controlled and measured through 

technological gauges.  Appropriate software, like Autodesk Insight, can predict the ecosystem’s 

performance.  For example, we can track how well the materials used can maintain thermal heat.  

All of these performance criteria will be declared successful if they perform in unison and help 

the environment within the structures thrive and provide the necessary inputs into each space.

environmental performance

Environmental impact is measured in terms of carbon footprints and other unsustainable 

aspects.  This performance can be obtained through equations and calculations that compare 

traditional agriculture’s impacts versus those of vertical agriculture’s impacts.  These impacts 

would consist of the environmental impacts brought on by traveling, pesticides, water usage, 

infrastructure and more.  This important performance criterion is met by proving that vertical 

agriculture harms the environment less than traditional agriculture.

environmental impact

These facilities are performing functions at all times.  However, the usage of these spaces is 

during a typical retail day, typically around 16 hours a day.  These spaces will be equipped to 

provide year-round access and make contributions for the community.  The facilities will be 

utilized for education, entertainment, recreation, and retail.  To determine if these spaces meet 

their behavioral performance criterion, they will need to function for these set purposes.  This 

can be tracked through observation and will be deemed successful when the building performs 

the essential functions at the necessary times.

behavioral performance

This design will be done in compliance with all required codes.  The structures will follow the 

most recent version of the International Building Code (IBC), the Americans with Disabilities Act 

(ADA) Standards, and other necessary codes related to jurisdiction and zoning.  This project will 

also be following various sustainability standards.  As stated in the objective, The WELL Building 

Standard and the Living Building Challenge will be considered.  Code compliance will be achieved 

and measured by the codes’ respective checklists.

code compliance

90



The WELL Building Standard



1. ecology of place

11. access to nature

10. healthy interior performance

9. healthy interior environment

8. net positive energy

7. energy+carbon reduction

6. net positive water

5. responsible water use

4. human scaled living

3. habitat exchange

2. urban agriculture

18. inclusion

17. universal access

16. net positive waste

15. living economy sourcing

14. responsible sourcing

13. red list 90%

12. responsible materials

20. education+inspiration

19. beauty+biophilia

12. responsible materials

9. healthy interior

   environment

7. energy+carbon

    reduction

5. responsible water use

4. human scaled living

1. ecology of place

17. universal access

6. net positive water

water

20. education+inspiration

19. beauty+biophilia

18. inclusion

16. net positive waste

15. living economy sourcing

14. responsible sourcing

13. red list 90%

materials

energy

8. net positive water

ALL CORE IMPERATIVES

One pillar of deep 
regenerative design 
built on a holistic high-
performance foundation.

All Core Imperatives 
required as well as any 
additional imperatives 
in the area of Petal 
Certification: Water, Energy 
or Materials.

Summit a holistic 
aspiration and 
attainment; fully 
restorative.

All Imperatives must be 
achieved to certify:

Responding to climate 
change with holistic high-
performance.

Required imperatives:

World class efficiency and 
characteristics, reinforcing 
a fossil fuel free future.

-  100% building energy offset
   load offset with on-site 
   renewables, driving efficiency

-  Pathway for premium off-site
   renewables for high energy
   building types.

Carbon neutral with top 
tier efficiency.

-  100% building energy offset 
   with on- or off-site renewables

-  For existing buildings, 
   combustion allowed

-  Embodied carbon reduction
   reduction and offset

Living Building Challenge

FULL CERTIFICATION

PETAL CERTIFICATION



SPACE ALLOCATION TABLES 

COMMUNITY COMPLEX

M
A

R
K

E
T

P
L

A
C

E
 FA

R
M

S

SPACE AREA PERCENT

100%

IN
S

T
IT

U
T

IO
N

A
L

 G
A

R
D

E
N

S
M

IX
E

D
-U

S
E

 FA
C

IL
IT

Y

SPACE

AREA

PERCENT

SPACE

AREA

PERCENT

SPACE

AREA

PERCENT100%

100%

100%

g
row

in
g

 sp
aces

retail

d
e

m
o

n
stratio

n
 sp

aces

w
ash

+
p

ack

u
tilities

b
u

lk m
ate

rial sto
rag

e

w
aste

restro
o

m
s

circu
latio

n
circu

latio
n

circu
latio

n

g
row

in
g

 sp
aces

refu
g

e

retail

w
ash

+
p

ack

u
tilities

b
u

lk m
ate

rial sto
rag

e

w
aste

restro
o

m
s

g
row

in
g

 sp
aces

d
e

m
o

n
stratio

n
 sp

aces

retail

w
ash

+
p

ack

u
tilities

b
u

lk m
ate

rial sto
rag

e

w
aste

restro
o

m
s

~17,663

sq. ft

~13,313

sq. ft

~14,988

sq. ft

demonstration areas

pollinator patches

water features

nature circulation+education

wash+pack

utilities

bulk material storage

waste

parking

restrooms

refuges

aquaculture

parks+playgrounds

growing spaces for children

vertical growing spaces

circulation

in
d
o
o
rs

o
u

td
o
o
rs

seasonal growing spaces

utilities

retail

249,204 sq. ft

offices

29,236

6,850

694

25,216

3,000

2,000

2,012

3,850

1,080

6,240

13,872

110,000
1,550

5,400

2,510

12,544

5,440
7,040

7,520
3,150

11.7%

1.5%

1.0%

2.5%

0.4%

3.0%
1.3%

5.0%

2.2%

2.8%

0.2%

10.1%

1.2%

0.8%

0.8%

5.6%

44.1%
0.6%
2.2%

2.7%

625

4.2%

2259001,500900288

1.9%

10,000150400

1.0%2.7%1.5%6.0%10.0%6.0% 66.7%

1,850

13.9%

225600900400288

2.2%

8,500150400

1.1%3.0%1.7%4.5%6.7%3.0% 63.8%

3,600

20.4%

2259001,200900288

1.6%

10,000150400

0.8%2.3%1.3%5.1%6.8%5.1% 56.6%



SPACE INTERACTION MATRICES 

COMMUNITY COMPLEX
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MARKETPLACE FARMS

MIXED-USE FACILITY

INSTITUTIONAL GARDENS
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SPACE INTERACTION NET 

GROWING

DEMONSTRATION 
SPACES

PARKING

INCORPORATED WITHIN:

CIRCULATION + 

REFUGE

POLLINATION PATHCES 

+ KOI PONDS + WATER 

FEATURES

COMMUNITY COMPLEX

WASH & PACK

STORAGE

WASTE/
COMPOST/
RECYCLE

connections

GROWING
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LITERATURE REVIEW

The Many Flavors of Urban Farming explores the practices of urban agriculture.  With today’s 

technology we have the opportunity to manipulate several variables of urban faming on all sorts 

of scales.  This article explores the different forms of urban agriculture.

The first is horizontal farming.  Horizontal farms can be executed on both large and small scales.  

Large forms of horizontal agriculture in the urban setting are less common due to political and 

social issues pertaining to land use, ownership and maintenance through labor.  On a smaller 

scale, we see several examples of horizontal farms in the form of community gardens and 

personal gardens that can manage growing small portions of food, typically fruits and vegetables.  

There are two typical examples of horizontal farming on the roof - rooftop gardens and rooftop 

greenhouses for colder climates.  This approach has become more popular due to high land 

values and high population and building density.  This can be done through intensive green roofs.  

This process can be more difficult and costly for existing buildings due to the roof needing to 

bear heavy loads.  Greenhouse components can allow for higher production over longer periods 

of time.

A newer form of urban agriculture is vertical farming.  Growing food indoors is becoming more 

common due to technological advances of hydroponics and aeroponics.  Hydroponics is a 

technique that involves no soil but instead they roots grow in a nutrient rich water solution.  

Aeroponics a similar practice that suspends the roots in the air and they are sprayed with the 

nutrient rich water solution.  These indoor growing techniques allow for plants to be produced 

year-round with maximized yields.  Because vertical farms are in controlled environments, they 

can virtually exist anywhere on the planet.

The main reasons for urban agriculture are to produce food closer to home, reduce food 

insecurity and live a more sustainable life.  More and more communities have now started 

including livestock, beekeeping, and various forms of aquaculture. 

The Many Flavors of Urban Farming

HOERR SCHAUDT
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Eden Green Technology posted an article comparing hydroponics and traditional farming.  This 

article examines numerous improvements made by hydroponic systems.  Vertical systems are 

known as the farms of the future.  They allow for the production of great amounts of healthy 

food to feed a large amount of the human population.  We will now examine some ways that 

hydroponic farming is making great strides compared to traditional farming.

The first improvement is greater yields.  Hydroponic growing systems grow more nutrient-dense 

produce.  The specific hydroponic vertical farms by Eden Green Technology grow approximately 

240 times more crop than traditional agriculture.  This is due partially to the fact that obtaining 

nutrients directly from water allows the plants to grow much faster and larger.

Hydroponic vertical farms also utilize far less space, and water than traditional methods.  This 

flexibility allows for them to exist almost anywhere, whether that be a rooftop, parking lot, 

or within new and existing infrastructure.  The possibilities are endless.  As we have learned 

through the history of our climate and planet, land is a vital resource.  When it comes to water, 

utilizing less than traditional farming is a big deal in today’s climate.  Hydroponic systems use 

approximately 99% less water.  It is time to start prioritizing the preservation of land and water 

to make for a healthier environment.

Hydroponic farming is sustainable.  Traditional methods contribute to soil degradation, which 

is causing us to lose fertile land at an alarming rate.  Traditional methods also utilize massive 

amounts of water during dry seasons and creates a lot of uncertainty.  This uncertainty leads to 

manipulating the natural environment in unhealthy ways.  Since hydroponics do not use soil, this 

is an effective way to stop our soil degradation problem from getting worse.  These hydroponic 

systems can also be designed to utilize solar power, recycled water, and other green design 

methods.

Hydroponics vs. Traditional Farming

EDEN GREEN TECHNOLOGY

A self-explanatory improvement is the ability to grow in any climate at any time of the year 

and that these crops are seasonally agnostic.  This is because these systems are indoors and 

have controlled environments.  With these solutions, we no longer need to worry about flooding, 

drought, and other issues caused from the climate.  These fabricated microclimates are immune 

to frosts and heatwaves.  And without worrying about ideal soil conditions, we can harvest 

continuously, often times this equates to a dozen or so more harvests a year compared to a 

traditional farm’s harvesting.

As we know, traditional farms are exposed to numerous sources of contamination.  These 

often include birds dropping waste, and runoff from nearby animal agriculture getting into the 

groundwater.  As with the climate in general, air and water pollution is a major concern.  Because 

of all these contaminants, our food produced in these conditions is increasingly leading to food-

borne illnesses.  By closely monitoring these conditions in a controlled environment, we are 

reducing recalls and increasing food safety.

The last improvement is less food waste.  These farms are managed within the community they 

contribute to.  Hence, there is no longer a need for shipping produce so food has a longer shelf 

life.  The communities the food is being produced for receives the produce within 48 hours of 

harvest.  This makes a farm to table lifestyle a realistic option for those in dense urban areas. 
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Food Deserts & Walkability Food Access & Median Income

figure 9.2figure 9.1



Food Access & Diabetes Populations

The Grocery Gap  was a research study completed in coordination with the city of 

Washington, D.C. and its residents.  These location studies were done based on food 

accessibility and their respective topic of comparison.  This first map demonstrated food 

deserts and walkability.  The second portrayed food access and median income.  And the 

third showed food access’ correlation with the diabetes population.  These three maps 

played a factor in determining satellite site locations.

To bread these studies down further, a food dessert is an urban area in which it is difficult 

to buy affordable or good quality food.  In this case, we reference ½ a mile as a walkable 

distance.

Picture this, if you live in a DC food desert you will most likely have to walk to public 

transit, make numerous line changes and still walk to the nearest market.  “An average 

watermelon weighs 20 pounds, how far can you carry 20 pounds?”

Some conclusions of these three research studies include that over 40% of households 

have no vehicle access, household income is 185% below the poverty line, and good food 

should not equal dislocation, or in other words “good food is a bargain”.  You can also see 

that poverty, food access, and health conditions are in direct relation with each other.

figure 9.3



The Food Produced by Hydroponics

boosts immune system

flavor can be manipulated for a more vast selection

reduces risk of heart disease

promotes animal welfare

reduces presence of pesticides

ensures safe and healthy world for future generations

prevents cancer

better flavor than non-organic food

BENEFITS OF GROWING ORGANIC HYDROPONICS

prevents premature aging

Vertical Farming Market

2022

2027

12.1
USD BILLION

25.1
USD BILLION

The global hydroponics system market is projected to account for 25.1 

billion dollars be the year 2027, growing at a CAGR of 15.6% during 

the forecasted period.

Expansions & Investments and 

new product launches would 

offer lucrative opportunities 

for market players in the 

next five years, especially in 

the hydroponic equipment 

category.

The growth of this market is 

attributed to the increase in 

demand for fresh food among 

the urban population across 

the globe.

Major manufacturers are 

planning to invest in and 

introduce new hydroponic 

systems and equipment.  There 

is huge demand for automated 

hydroponic farm set-up.

Key players such as Signify 

Holding and Helios have a 

strong presence in Europe.  

These companies are 

expanding by adopting new 

innovative strategies.



Land Conservation & Urban Green Spaces

BENEFITS OF LAND CONSERVATION
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There are many benefits to both land conservation and creating more green spaces in 

our urban environments.  To name a few of these benefits, both efforts aid in reducing 

the heat island effect, contribute positively to human health, and create a healthier 

outdoor environment on a planet suffering from climate change, pollution and many 

more dangers.

There are also advantages economically related to land conservation.  Preserving 

and conserving natural lands can generate great financial returns and can create 

significant cost savings.  Conserving land contributes to increasing property prices 

along these more desirable areas and saves tax dollars by encouraging more efficient 

urban developments.

Protecting land is protecting biodiversity.  Biodiversity is the variety of life in the world 

or in particular ecosystems.  Conserving the land offers habitat to numerous plants 

and animals, which enhances the ecosystem in a healthy, natural way.  Biodiversity is 

a fundamental aspect for the provision of ecosystem services, which we depend on for 

food, air, and water security, to name a few.  Many people believe that biodiversity not 

only contributes to the living outdoor environment but also humans.

By partaking in land conservation we are contributing to a world that is healthier for 

the people and the planet.

figure 9.4
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ENSURES QUALITY
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70%-95%

LOCAL

LAND IN USE
0%

VERTICAL FARMING & TRADITIONAL FARMING

So why vertical?  When comparing vertical methods with traditional methods, it is obvious why 

we should make the transition.  Growing vertically uses 0% land, it yields 90% of its harvest, 

anywhere from 70%-90% less fresh water is required, and by growing local we decrease the 

need for fossil fuels and ensure the quality of our products.

By looking at this in a more visual graphic (to the right).  This traditional crop takes up 3,750 square 

feet for a total of 1,016 plants.  The same number of plants are grown in this singular vertical 

system, for reference, this system is less than 15 feet tall.  Based on statistics, only 508 plants 

are harvested from the traditional crop while the vertical system will harvest approximately 914 

of the plants.

figure 9.5



Executive Summary

The research conducted in this thesis concludes that vertical agriculture is more suitable and 

sustainable than traditional agriculture.  Vertical farming is the future and is necessary to 

contribute to the health of the people and the planet.  There is already a 12.1 billion dollar market 

for vertical farming in the year of 2022 and it is projected to grow to a 25.1 billion dollar industry 

by the year 2027.

Agriculture has been around since the beginning of time and is constantly evolving with our 

cultural and societal needs.  Architecture for food production is going to change our outlook on 

agriculture, especially in urban settings.  Producing food in a controlled environment requires 

no land use, yields over 90% of its harvests, saves 70%-90% of water usage, and decreases the 

need of fossil fuels for transportation because it is locally sourced.  Due to the product requiring 

little to no transportation, it ensures the quality and nutrition value of the food.

Implementing urban farming will also contribute greatly to the environment of our dying planet.  

The first set of benefits includes both land conservation and creating more green spaces in our 

urban habitats.  To name a few of the advantages related to land conservation and green spaces, 

both efforts aid in reducing the heat island effect, contribute positively to human health, and 

create a healthier outdoor environment on a planet suffering from climate change, pollution and 

many more dangers.

There are numerous types of vertical farming systems.  Some of these bing aeroponics, 

aquaponics and hydroponics.  Aeroponic systems are a plant-cultivation technique in which the 

roots hang suspended in the air while nutrient solution is delivered to them in the form of a fine 

mist.  An aquaponic system is a system of aquaculture in which the waste produced by farmed 

fish or other aquatic animals supplies nutrients for plants grown hydroponically, which in turn 

purify the water.  Lastly, hydroponics is a type of horticulture and a subset of hydroculture which 

involves growing plants, usually crops or medicinal plants, without soil, by using water-based 

mineral nutrient solutions.

When it comes to site research, the capitol of the United States, Washington, D.C., has always 

been ranked highly in terms of the number of green spaces it provides for its people.  When you 

think of traditional agriculture you don’t often picture any urban setting, let alone our nation’s 

capital.  That is simply because the nearest crops are often distant due to the urban sprawl 

created by these metropolis areas.

Some prerequisites of the physical site consist of its solar access, available water sources and 

adequate drainage capabilities.  Social prerequisites are already in existence.  Washington, D.C. 

is home to some of the country’s worst food accessibility issues.  Looking at The Grocery Gap, 

there are numerous issues relating food accessibility with the numerous food desserts, the vast 

diabetes population, and the below average median income.

Washington, D.C. is the ideal city to accept this huge stride forward. The United States Green 

Building Council released that it is the first ever LEED Platinum City in the World.  This city is 

also home to the Department of Energy and Environment and the Department of Agriculture.  

The Clean Energy DC Act of 2018 is the most aggressive climate change legislation and is the 

first 100% renewable energy bill in the nation.  These are just the surface of what this city 

represents when it comes to a greener future.  This thesis project is taking this city and its 

policies to the next level of sustainability, agriculture, and architecture.

This research summarized that vertical agriculture will thrive in comparison to traditional 

agricultural methods.  It described the numerous benefits of how architecture for food production 

will contribute to the health of the people and the planet.  It proves why the site, Washington, 

D.C., will be a successful start to what the future of agriculture and architecture yearn for.
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how much can this 
facility produce?

VERTICAL RACK:

24 plants per tray x
64 trays x

28 systems x
2 levels

= 86,016 plants

TOWER RACK:

400 plants per tier x
16 full levels x
4 3/4 full levels

= 7,200 plants

TOTAL PLANTS:
93,216 plants

ANNUAL HARVEST:

93,216 plants x
8 harvests (average)

= 745,728 plants 
harvested annually

figure 10.1
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sustainable systems

A vertical farm can grow 1 ton of 
lettuce with just 17% of the space 
needed by a traditional farm

Indoor farming requires no 
pesticides, which in 71% of cases 
have been found to contaminate 
soil and reduce biodiversity

By recirculating water, vertical 
farms can grow food with up to 
90% less water

Artificial lighting and climate 
control systems require lots of 
energy

CEA refers to technologically 
advanced indoor farming

Closer proximity to urban areas 
can shorten the supply chain and 
reduce food waste

SPACE EFFICIENT

WASTE REDUCTION

CONTROLLED 
ENVIRONMENT 
AGRICULTURE (CEA)

RENEWABLE ENERGY 
SOURCES

WATER CONSERVATION

LESS CHEMICALS

figure 10.3



The butterfly roof enhances the appearance of a modern building because of its unique 
design. There are numerous advantages associated with the use of butterfly roof design.

Thermal Efficiency
The roofing plan allows the room to retain enough heat and enhance proper ventilation to the 
interior space. This feature translates to the overall reduction in energy demand and costs.

Water Harvesting
The direction of the slope on both panels allows maximum collection of rainwater which 
benefits those who harvest rainwater. Irrigation is also possible through the roofing method 
because the collection central collection point makes it easy to channel water to a different 
area with ease.

Environment-Friendly
The broad area of the roof offers a large surface area for the installation of solar panels and 
water collection systems. Solar panels reduce the costs incurred in using electricity.

BUTTERFLY ROOF INTENSIVE GREENROOF

An Intensive Green Roof or Roof Garden includes unlimited plant and design varieties. 
Likewise in open space planning, which allows any form of vegetation. Intensive greening 

may consist of perennials, grasses, bulbs, summer flowers, shrubs and large trees.

Stormwater Management
Most urban and suburban areas contain large amounts of paved or constructed surfaces 

which prevent stormwater from being absorbed into the ground. The resulting excess runoff 
damages water quality by sweeping pollutants into water bodies. Green roofs can reduce the 

flow of stormwater from a roof by up to 65% and delay the flow rate by up to three hours.

Energy
Green roofs reduce building energy use by cooling roofs and providing shading, thermal mass 

and insulation.

Biodiversity and Habitat
Green roofs provide new urban habitat for plants and animals, like birds and insects, thereby 

increasing biodiversity.

Urban Heat Islands
Cities are generally warmer than other areas, as concrete and asphalt absorb solar radiation, 

leading to increased energy consumption, heat-related illness and death, and air pollution. 
Green roofs can help reduce this effect.

Roof Longevity
Green roofs are expected to last twice as long as conventional roofs.

Aesthetics
Green roofs can add beauty and value to buildings.

substrate intensive

drainage system

waterproofing membrane

intensive vegetation

water reservoir panels

root barrier

figure 10.4 figure 10.5



RAINWATER COLLECTION SYSTEM PHOTOVOLTAIC PANELS

The definition of rainwater harvesting is the collection of rainwater from a surface that 
allows for the rainwater to be stored and used at a later time. In a typical rainwater 
harvesting situation, rainwater is collected from an impervious surface such as the roof of 
a building and then stored inside of a tank or cistern. 

Rainwater can be harvested and stored for many uses including landscape irrigation, potable 
and nonpotable indoor use, and stormwater management. Harvested rainwater can be 
particularly useful when no other source of water supply is available, or if the available supply 
is inadequate or of poor quality.

Health
Plants appreciate rainwater more than other source of water.  This is because rainwater does 
not contain any harsh salts, chemicals, and minerals.  By nature’s design, it has the perfect 
pH balance and nitrate delivery.  This benefit forms a healthy plant and soil ecosystem, which 
then contributes to cleaner air, carbon sink, pollinator habitats, temperature and precipitation 
regulations, and more.

Energy
There is a strong nexus between energy and water in the modern world.  When reducing 
the reliance on pumped and treated water sources, you contribute to a collective savings in 
energy at the same time.  Better yet, by pairing a rainwater catchment system with a user-
friendly gravity-fed drip irrigation system, you do not need any electricity to run irrigation.

Environment-Friendly
Rainwater harvesting conserves water and reduces stormwater impacts, as well as, recharging 
groundwater.  By protecting the local watershed, pollution and erosion are greatly reduced.

A photovoltaic system is a special electrical system that produces energy from a renewable 
and inexhaustible source: the sun.  A grid-connected system is a system that integrates 

with industrial electricity systems. These can be used when required in alternation 
or in combination with the electricity grid of a business in order to meet the energy 

requirements of the end user.

Quiet and Unobtrusive
 Solar PV energy is completely quiet and doesn’t intrude into your daily activities. In the 

same way, photovoltaic solar panels are visually unobtrusive. Most users choose to place 
photovoltaic solar panels on a rooftop where they’re not necessarily visible from ground 

level, taking advantage of otherwise unused space and freeing up rest of the property for 
enjoyment.

Reduction of Energy and Costs
Solar PV energy systems can lower your energy bills in several significant ways. Because 

you’re generating some of your own electricity, you’re able to cut down drastically on what 
you pay your energy provider.  Many government entities provide subsidies to help cover the 
initial costs of setting up PV solar panels through tax rebates and other incentive programs.

Little Maintenance
Operating costs for photovoltaic solar panels are minimal, even when compared to other clean 

energy sources. This is largely due to the fact that solar panels need little maintenance, even 
over the long term. Since there are essentially no moving parts, there’s nothing to break and 
no need for regular lubrication to keep things running. They just keep working on their own.

Customization
Whatever the energy needs are, solar panels can be configured to meet them. From a large 
business to a house, you can design the exact system you need to generate the energy you 
plan to use. Photovoltaic solar panels provide clean, renewable energy that’s easy on your 

wallet.

1. rain water collection

2. cistern

3. purification filter

4. potable water

5. grey/black water

6. on-site wastewater treatment

7. output water to wetland system

8. rainwater for urban farm

9. on-site infiltration

10. nutrient supply for growing 

systems

11. hydroponic growing systems

national grid

local grid

pv panels

solar inverter

solar generation 

meter

net meter
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MASS TIMBER

RECLAIMED STAINLESS STEEL

SMART GLASS CURTAINWALL

Wood is a renewable, sustainably sourced material and has 
a low carbon footprint.  In fact, it is the only known material 
that can remove carbon from the atmosphere for the lifetime 
of its usage.  A hybrid form of cross-laminated timber has 
been proven to have an average of 26.5% reduction in the 
global warming potential when compared to a typical concrete 
building.  Mass timber buildings are constructed faster and 
create less waste, which further reduces its environmental 
impact.  A few additional advantages include its safety and 
performance, reduced structural weight, thermal performance, 
and contain biophilic design benefits.

Steel is 100% recyclable and significantly reduces the 
ecological impact of new construction, especially the carbon 
footprint.  Stainless steel is extremely durable and very cost 
effective.  Reclaiming stainless steel saves over 35% of energy 
used in new steel construction.

The usage of curtainwalls is a notable trend in sustainability 
because it allows plenty of natural light which reduces the 
need of electric lighting.  Low-emission glass is not a new 
concept but adding smart technologies furthers sustainability.  
This smart glass is comprised of five different technologies: 
thermochronic, photochronic, liquid crystal, suspended 
particles, and electrochromatics.  This glass works by 
automatically adjusting to sunlight changes throughout the 
day, reducing interior heating and cooling loads imposed 
on building systems, which leads to a reduction in energy 
consumptions.  Furthermore, these panels collect solar rays 
and convert them into solar energy.

RECYCLED PLASTICS

CORK FLOORING

Recycled plastics are used in various forms - tables, structures, 
carpets, floors, pipes, and more.  Rather than sourcing, mining, 

and milling new components for construction, manufacturers 
can utilize recycled plastics.  By using this method, greenhouse 
gas emissions are greatly reduced and the reuse allots for less 

waste and plastic pollution.

Cork is one material that grows very quickly.  It has the ability 
to be harvested from a living tree which allows it to continue 

growing and reproducing more cork.  Cork is resilient, flexible 
and reverts to its original shape even after enduring great 
pressures.  Its resilience and resistance to wear makes it a 

common element in floor tiles.

sustainable materials

CLAY TILES

Clay tiles, typically terracotta, can be sourced locally and 
is considered to be carbon neutral as long as methane, a 

dangerous greenhouse gas, is captured and utilized responsibly 
or destroyed.  These products are 100% natural, including 

the manufacturing process.  These tiles can be recycled and 
reused, although they may not need to be as they are very 

long-lasting.  One fun fact about this earthy, eco-friendly 
product is that it plays a part in strengthening peoples’ 

immune systems.

This material is also promoting local artists and small business 
who create these pieces of tile.
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2. VEGETATIVE STAGE

5. RETAIL
4. WASH & PACK

A series of conveyors is the 
core of plant circulation from 

start to finish



URBAN DISTRIBUTION

This plan focuses on how distribution plays a role 
in local environments.  Starting at The Silo, we can 

follow how food is distributed to smaller satellite 
locations in parts of a community that struggle with 

food desserts, health issues, poverty and more.

The specifics of this Washington D.C. urban plan 
includes several different typologies. To name a 
few, vertical farming can be implemented within 

institutional settings, markets and other retail 
options, in office and multi-use buildings.
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Only 17% of America’s land is considered ideal for agricultural purposes.  However, traditional agriculture ruins 

our land in the long run by depleting the soil of essential nutrients.  By conserving the land, we can reap its 

many benefits.  To name a few, conserving the land can play a role in reducing air and water pollution, preserving 

biodiversity, preventing soil erosion, and can aid in sequestering greenhouse gasses.  Because land is such a vital 

resource, we can further preserve it by bringing vertical farming into urban environments.  This yields the question: 

How can architecture be designed for food production to have an 
impact on the health of people and the environment?

Food Access & Medium 
Income

Food Deserts & 
Walkability

Food Access & 
Diabetes Population

LOCATION

This project investigates how the benefits of vertical farming greatly outweigh any drawbacks.  It examines how 

traditional, crop and till, agriculture is harming the environment by contributing to climate change, utilizing more 

than what is necessary of important resources like land and water, and the challenges that growing faces with 

urbanization and other environmental-related factors.  Even further, research explores how urban, vertical farms 

contribute to the community, and provide more nutritious food to the people at a more readily available time and 

location.  All of these explorations ultimately examine an issue that can be mindfully thought about and implemented 

in terms of architecture and urban planning.

OUTDOOR GARDENS RETAIL VERTICAL FARMS CHILDRENS’ GROWINGLOUNGE, LIBRARY & THEATRE

THE FUTURE IS VERTICAL

KOI POND

WASH & PACKRETAIL
LOUNGE, LIBRARY 

& THEATRE

TOOLS & 
FACILITIES

OUTDOOR 
GARDENS

ROOFTOP 
PARK

BEE 
FARM

CHILDRENS’ 
GROWING

HYDROPONIC 
FARMS

DEMONSTRATION 
KITCHEN & 

CLASSROOM

VERTICAL GROWING SYSTEM TRADITIONAL CROP

1,016 PLANTS 1,016 PLANTS

water and nutrient 
mix; nitrogen, 

phosphorous and 
potassium

LED lights lead 
to 70% of energy 

savings and can 
be manipulated to 
alter the flavor of 

the plant

relies on sun for 
growth

relies on rain for 
water

3,750 sq ft

75 feet

5
0

 f
ee

t

2. vegetative stage- 
plants start plodding along 

and continue developing 
- getting thicker stems 

and growing bigger 
structurally

3. flowering stage- 
plants are blooming and 
blossoming - producing 

fruits, etc.

1. nursery- 
propagation and 
experimentation

5B. in-facility distribution- 
goods are to be sold to consumers 

in the retail space

4. wash & pack- 
plants are washed and 
packaged to be ready for 
sales

5A. out-facility distribution- 
goods are shipped out to local 
vendors

series of conveyors contribute to the plant 
circulation from the beginning stages to the end

rainwater collected is stored 
in underground cisterns to 
provide for the facility

the butterfly roof structure is designed for 
water and solar collection through drains and 

photovoltaic panels, respectively

The future is vertical.  With a growing population and less and less land being available, we are being forced to build 

up.  What is to say the same cannot go for farming?  Much of the United States is suffering from the loss of land 

resources – cities and surrounding suburbs are among those with the fastest rates of loss.  One particular loss is 

that of viable land goes to agriculture.  Continuing with our current trajectory, the future is becoming less and less 

green.  Vertical farming has far more advantages than traditional agriculture.  Some of these benefits include greater 

production yields, require less space and less water, are considered climate proof, seasonally agnostic, and outdoor 

contaminant proof, they lead to far less food waste, and are the most sustainable form of agriculture.

HOW DOES IT WORK?

A vertical farm can grow 1 ton of 
lettuce with just 17% of the space 
needed by a traditional farm

Indoor farming requires no 
pesticides, which in 71% of cases 
have been found to contaminate 
soil and reduce biodiversity

By recirculating water, vertical 
farms can grow food with up to 
90% less water

Artificial lighting and climate control 
systems require lots of energy

CEA refers to technologically advanced 
indoor farming

Closer proximity to urban areas can 
shorten the supply chain and reduce 
food waste

SPACE EFFICIENT

WASTE REDUCTION

CONTROLLED ENVIRONMENT 
AGRICULTURE (CEA)

RENEWABLE ENERGY 
SOURCES

WATER CONSERVATION

LESS CHEMICALS
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figure 11.1
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