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A group of startups raises

lettuce, tomatoes, and berries in

high-rise plant factories. The

founders aren’t farmers; they're

technologists who have shown that

even the most grounded industry

can be radically reinvented.

Farming

Grows Up

L.OT OF THTNGE have been made in South Kearnsy,
ey Jersey, over the past 125 vears, At the Federal
Shipbuilding and Dry Dack Company, along the
Mackensack River, woikers cranked out 440-Toot Tibeety
ships during World War LL Before and after that conflict,
Ma Bell’s Western Electric Company made telephone cable
and transmission couipment that weas Buile to last Torever.
T bad Federal and Wiestern Rlecteic didot last. Meithes
did a lot of businesses in this swampy New Yook City border-
land, including chemical planes, metal henders, tanl: tarms,
warchouses, and manufacturers that speswed who-knows-whai

into the world before they began to close in the late 19605,

Which is why irs so hard to fathom chat a comipany called
Torwecty Farming is prowing letuce, microgrocns, heibs, and
even strawberries in a century-old building here, That amything
edilhle gronars in this wasteland is astonishing.

Tomwecty 15 among a rapidly growing crop ol high-rise urhan
furniing commpanies that are chaneing the verv concept of aeri-
culture, as well as the way fresh produee gers to us. The pristine

By Bill Saporito

while interior and stacked greens of Towers s Bouth Kearny
Fuarmn X builling are o jarring contrast to the bleak landscape
outside. Tray atrer plastic tray of greens—a 40-fooe-high erecoor
set ol stacked plants—are scedod and racked inoa tghtly con-
trolled, continuously monitored erid that stretches from wall

o wall and floor to ceiling. “1t turns farming o its head,” savs
Torwecay Tounder Tiving Fain, 2 solbware entreprancur fom
Irovvidence, Bhode Island, whe had zero prior experience m
agriculture hefore starting the company.

Ahout 350 miles due west, just ourside Pittsburgh, another
vertical-farm company, Filth Scason, sits aboub 100 vands Meom
L5, Steels ancient Edgar Thomson Steel Works—ET, locally,
The locadion in Braddock, Pennsylbvania, next to an 1875 icon of
industrialization, is apt, because calling Filth Scasan's Tacility
a farm is like calling one of ET% blast furnaces a fireplace. Fifth
Sensan’ a0,000-square-foot, shedlile huilding is essentiallv o
lettuee factory thar uses advancoed mobotics, vast arrays ol TETS,
and state-of-the-art systermns engineering, “This is smart nuam-
facturing” soys eo-founder and CRO Austin Webl, whe has an

FHOTUOGRAFHT EY MICHAEL SEQRGE R RN - F A ] R INC, Bl



WA liom robaolbics leader Carnoegic Wollon Thniversily, “We
just happen to manufacture living oreanisms”

Vertical farms are at the forefront of an industry segment
called contralled environment agriculture (CRA), which has
attracted billions in startup capital over the past decade, The
premise is that, compared with craditional farms, verdeal farms
greny crnps faster with higher yiclds, whilc using far loss warer
and no pesticides—all combining tomake vertical farms 100
times more productive per square foot of farmland.

For consurmets, vertical Tarms nstensibly produce tasticn
healthicr pronducts thar gec to them Gastes, and with 100 percent
traceability, At Vertical Harvest, another company in the space.
the farm is built within a neizhborhood—a concept co-founder
Mona Yehia lestbeought to lile in Jackson, Wyaming, Yehia sees
her compny a5 a chain of ving local produce stands—with 2
social mission that provides jobs for underserved populacions
as well as lood education and a community space. “We grow
not only better food, but better futures.” she savs.

There are now more than 50 companies in the vertical
Faaring catcgory, o Mew Fork o Calilfornia, Several, includ-
g AvroFurms and AppHarvest, have already gone public, but
the opportunicg keeps growing as the technology improves and
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e peeks and quants (nd thede way to 30 Vertical Tarms sup-
plv less than 5 percent of the nation's produce—mostly lethaes,
microgreens and herbs today—but the industry's crailblazers
Trpec: theie produce poetliolios will capand as costs decling and
their products delight the palates of consumers, “1 think vou wre
going to see vertical farming displace a much broader set of
cinpa” says Bormice Fogel, associate dean of rescarch and grado-
ate education at Iurdue Universite's Collese of Agriculiore.

And, unlilke traditional Aatland farms, Bowery and Fitth
Seasnon deliver branded goods to retailers such as Kenger, and
sell directly to constrmners themselves, Bowery counts 350 retail
customers and expanded revenue 600 percent last vear. Fifth
Season boegan the vear supplving 28 stores and will linish with
sorne SO0 are reinventing the entive supply chain says

fITL Yo can't just be good at etowing®

AT TTOVERS OVER atable cxamining noew hovh plants

that Bowery is developing in one of its KD labs, There's

acilantro with o citrusy finizsh and a basil that can snap
vidr head Back, T8 the start ol what could b oa vast expansion
i tastes and textures of our produee, thanks to the precise
experimentarion that's possible ina controlled growing envi

BEROVVMFIELD
TO GREENFIELD

Opposite page,
Bowery Farming
founder living Fain
checks outa crop
af wasabi arugula.
Above, Bowery's
not-quite-pastaral
Environs,

rofiment, “We are nol encumboered.” Fain says, "W
ean look at erop types that hove been buried for
vears”—or invent new ones.

Fain was an ivestment hanker undersriting
early-stage tech deals when he decided tego into
operatons. He joined Clear Channel Communica
tioms o 2000, and then Telt o start Crwed Twial,
which did lovalty analvties for consumer brands,
sty years in, 1 realized 1 didn't wane to spend 10
g years on enberprise lovalty” he savs, “Twanied
tor s technolagy forhard and impoietant peolblems”

Henew agriculture, a5 trillion global industry
thar’s heen a laggard in digitization and sustainahil
ity Agriculiuree uses 70 percent of the world's Tresh
weater, six billion pounds of pesticides, and 159
million metric tons of chemical fertilizer annually.
Aned stretched-out supply chaing dribble ouea
shocking 43 percent less of nutritional value before
produce reaches constmers, according to the LS.
Trepartiment of Agriculture.

Fain knew that urban farms had been sprouting
areund the world—often in the form of roofoop

grecnhbouses and commuonity gardens—and he
extrapolated from there, *The guestion tor me is,
can tech generate scalable opportunities and an
crpunential inceease i ouloomaes” he sayvs

Irart of the answer cane from advances in LED
lighting, whose efheiency had doeubled inoa decade
while the price dropped by 85 percent. That made
growing thousands of plants inoa tall, densely packed
cube viable but not necessarily sealable, What Fain
and other entrepreneurs grasped is thae advances
in robalics—aA.T and compuler vision, sensors and
control systems—ceould take care of the laer.

The fact that Hevry Szoul was one of his first
hives tells vou sornething about Fain's approach Lo
vertical farming. Setul, a physicist, viewed o vertical
farm as a massive optimization equation—a matrix
in which sensors and cameras could maonilor cach
plant for temperatore, humidity, irrigation, carbon
dinxide, light spectra, and other variables.

sztul's team designed o system in which sensors
linked toa machine-learning application constantly
make adjustrnents to mantain optinial prowiny
conditions. They added dara-traclking systems and
few Dy pos of automation around secding and haes
vesting, They Hnkered for a vear and a half "We
didn’t come into vertical farming with the ideal
svatern in our minds” he savs, “WWe came inwith
a build-lewn-iterate vwheel approach”

And the fywheel, nosw known as Bowery(s, is
Mying Becadse ToweryDS tends soomany plancs amd
can tend them individually, it produces copious data
on evervihing from hovsw much lght an arugula plant
niecds to the perfect moment o hameest it The sys-
Fern also allone s T ey T es ploee what-ilguestions
aronnd the variables and chage sonie things imme-
diately to see what happens. “You want to take
advantage of the best known option but soill be
leawming.” expluins Setul, For plant physioloeists, it all
adds up to a whitehoard tfor designing new things to
cal, hecause Tarming has never beloee had the Benell
of sueh perfect conditions, [n namre, plants wich-
stand drought, heat, cold, disease, and herhbivores
that nibble ab their roots. Take all that away, savs
Susan Maclsaae, Bowery's head of agseience, and the
carbon that plants divert to momnt o defense can go
ingfcad o growth, among other things, That's one
reasen vields are higher in high-tech vertieal farms

Companies such us Bowery cun ulso manipulate
variables to create distinet Havors. In one lab I visit,
a plant Biologist is attempting to gencrate the por-
tect balance between sweetness and firmness in
strawherries that will thrive indoors. (One discowv
orw Tees doa bottes joby of pollinating scrawherry
plants than drones do) And because crop oveles
speed up indoors, the company can halve the time
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needed to create, sav o new arugula
“We are just at the tip of the iceberg in terms of how to male
use ol this inlormarion” says Saul.

TS BAINING GEEENS inthe packing department at Fifth

Season. Worlers in protective gear monitor travs of freshly

picked lettuces—geeen tatsoi, purple pak choi, and Chingse
eabbage—as the leaves make their way up a convever belt to be
drapped inte o machine that will distribute chem inte plastic
beses inarked Tridge Cioy Tlend. Tut the machine isn't mixsing
the leaves—it is merely packing them.

That's hecause Fifth Season cultivaces entire salads. The
varicties grow side by side on teavs thae spend 18 1o 30 days in
one of the company’s two grow areas  the buildng, called
hiodomnes. These are 40-foot-tall chambers that each contain
128,000 square [eet of stacked growing space,

This 1 whiat veu'tl expect the future to lowk Like; The plants
are nourished by violet-coloved LEDs and “fertigated” (fertil
ized and irrigated) by nutrient systems that use up to 95 percent
less water than conventional Tarming would. Sensors monilor
the plants” every moment and report back to the commputer
servers lining the adjacent hallway, opposite a long rowr of tanks
that hold the nutricnt Blend,

Like Bowery, Fifth Season takes a systems-control approach
to farming, veferved to internally as the Brain. The Brain knoaws
alland controls all, Mo secd tostore, inabackward-inmegraed
lowp that starts with custonwer orders, As purchases roll in, the
Brain prompts robots to precisely seed travs to mateh.

Within the biodomoe, the Tieain undarstanda the condition of
every one of the 20000 travs under its conumamd, “We tike just
mder 26,000 data peints for every tray across the plane's lite,”
says Wobh, The Teain can create a brcoee to conl down hot
apots. TEeommands an army of eobots that Teteh and move travs
arvund to fine-tune their enviromments,

The Brain does not need much help. There are no humans in
the biodormes, and 20 people fun the entive geome ing operation,
which. vn three acres, produces the equivalent of 2 200-acre flat
Earmn. It's not just the stacked growing environnient that makes
the: diMerence. The Tieain, savs Webly, allows Filth Scason o
more than double the retum on investment over older vertical
farms while cutting lahor in half Creating the Brain, he says,
was the key to unlacking the potential ol vertical Tarming

Webb didn't plan to become a vertical farmer when he
arrived at CMU in 2006, %1 was a bitindusty agnostic” he
recalls *T thought, T'm going to mect peaple smarter than me,
ard wee're going to join forees and dooswhat CRAU calls the elas-
sie hacker-hustler combination” One of those people, Anstin
Lawrence, shared Weblvs helief that robotcs still had room
o diseupt Targe industrics, Tawrenee became his co-Tounde.

The company they formed was called BoBotany, and the
idea was to supply technology to the emerging CEA industrs:,
Thoey leveraged CAWTTs cotreprencurial network for adwvice,
startup cash, and collaborators, Alony the way, they recruited
Grant Vandenbussche, who would later become chief category
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As purchases roll in,

the Brain prompts

robots to precisely

seed trays to match.

nlTicer, TTe had worked in supplyv-chain management Toe hig
food companies such as General Mills, but wanted to dunp
food and worl: in tech. Inscead, his knosrledgze of food brought
Birm v Ferod teche Weliby Tured his brothor, Tieac, an ToT expert
from Virginia Tecly, to join as CTO,

And in Pittshurgh's Roboties Row, o chuster of tech firms
along the: Allegheny Biver, they Tound the talent thoey'd need,
e gol poople whoowere previowsly at SpaceX, inthe satel-
lite teleeom mdustry, at Google, at Brsy™ says Vandenbussche,

As the nascent team looked deeper into vertical farming in
Tate 2007, they realized their robotics-as-a-sorvice mogde]
wouldn't seale, becanse the economics of existing vertieal farns
were ton challenging One issue was high labor costs. Earlier
Farrng dide't use robots and noeaded workers whe used scissor
lifes, which in turn used up space that could have held plants,
Another issue: Existing vertical farmers were employing tech
nology without contral contral or analvtics, The result, says
Wehbb, was Swasted space, wasted labor, and disparate, diseon-
nected tech stacks”

The selution, which prompred RoBotany o boecome Filth
Season, was to create a fully inteetated production system, com-
plete with a briomded product line of salad greens and salad kits,
The team built not only the robots, hut also the sofoarare that
w1 Fun them, “ W would have beer partios to wire continl
panaels” says Vandenbussche, Who savs geeks can't have fun?

Maost important, says Webl, is that Fifth Season has arepli
cable—and prafitable—model. The hiodomes are designed in
Lapro-like fashion, The company can build, saw, o oO0000-
square-toot version for an industrial site like Braddock, but also
asmaller version that might attach direetly 1o a supeimarket,

HEY'RE NOT ALONE, Fifth Season's biodumes

might have to vie for space in some markets with the

cormmunily-scale favim installations of Vertical TTareest,
From her home base of Jackson, CEOQ Yehia has beeun takine
her wersion of a hyperlocal green machine across the country

Tacating inside communitics is part of the company's social

mission In wealthy resort towns like Jackson, workers can
srrgale to find vear-round jobs, and they face higher prices for

SKI-TOWM FARM
AVertical Harvest

worker prepares
mieregreens for delivery
to restaurants, Right,
the company's Jacksan,
Wyoming, greenhouse.

food and housing, Vertical Harvest's Jockson farm—which uses
Iivdraponic technology from Helland to produce a varieoy of
greens, herls, tomatoes, and berrics—clings to the side ol a
parking stuetare like a large eteenhouse standing on end.

“I1t%s always been our made] to prosve it here in one of the
hardest places o build and with an exrreme climate—then seale
and replicate” suvs Yehia, The company, which seeks out eoo-
nomic incentive packages when selecting locations, is huilding
asecond farm in Westhrook, Waine, and a third in Philadelphia,

Tr Wisthrook, the aity gave Vertical Flarvest the Tand, Tt
the fonr-story frmy, which will have 200,000 square feet of
grovving space, shares a halfacre site with a housing develap
rcntand a parking garage, The faemowdll pive Wainers accoss (o
1.3 million pounds of locally grewn greens year-romnd —no smaall
thing in a region with notably nasty winters. 11 North Philly, the
grecnbiouse will boe pact of the Tioga Disorict Preventative
Health Hub, part of a federally desiznated opportunity zone.

As Yehia sees it, food security, berter nutrition, and jobs are
all eonnec ted—and Vertical TTarvests customizable installations
allew the commpany to build to suit the needs of individual com-
munities. That means not only growing differenc food in differ

ent places, but also providing dierent kinds ol work. Vertical
Harvest has macde o mission of developing employnent paths
forwhat it calls “unexpected farmers”—including, for instance,
those with desvelopanental disabilities.

Vertical Harvest plans on building 100 vertical farms within
five vears—and a0, it seems, does everyone else. Fifth Season,
which has raised 575 million over live vears Mrom Deive Capital
and from private investers, will begin rolling out new sites this
vear, most likely near Pictshurgh. Bovsrery Parming is about
Lo fey W s pansion ton, T0is Tushly funded, having raised a
$300 millivn Series C round of investouent this sunumer led
Ly Fidelity, which values Boswery at 52.3 hillion. The company
alteady runsg a second Macilioy near Taltimoree that is 30 times the
size of the one in South Kearny, & third, in Bethlehem, Pennsvl-
vinia, (another steel town) will bepin construetion nest year

Having nailed leafy greens, herbs, and tomaroes, vertical
Farem companics will add Tewits and other vegetablos to the mis.
More berries, certainly, and root erops such as radishes, "Tep-
pers, melons—there’s a long list of different types of crops” says
WacTsaac, Towery™s plant physiologist, °T really think there's
a ton of possibility” And think bevond plaats, sayvs Purdoe's
Engel. Why not close the loop and teed the plant waste to other
preotein soneces, ke pouloey or lish?

Wherever it poes next, vertical farming will aceelerate
change. Consider: Farmers have been manipulating plants for
rrvcic: than 10,000 vears, O soowe helioved. Another sehool of
thought, mticulated by olinn botanist Stefano Mancuso in his
Lonls The Revolutionary tronites of Planes, savs the opposite has
alsoe heen happening: Plants hove brought us along on their
canlutionary journey, crployving us as their means of ranspod-
tation. They started i the wild and then moved to farms, Now
they're living in high-rises, sate from weather, predators, and
discase. The cntreprencurs who nurtuee them, who weren'l
really farmers wlhen they started. e evolved into the role
alongside the plants and the teclmology And, as in nacare, learn
ing to adapt in business will only raise their odds ol succeeding.

BILL SAFHLITU B8 on Lie. edivor-gi-lorgs.
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Tim McLaurin (right)
works at Vertical Harvest,
an urban farming startup
in Jackson, Wyomming,
that employs farmers
from various backgrounds,
including those with
developmental disabilities.
The company is one of
a new crop of startups
growing more sustainable
Fmduce in high-tech
acilities.
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