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Could growing some vegetables in controlled—
environment vertical farms mitigate food system
environmental impacts and improve food access?

Progress Report on Community Vertical Farming.
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Outline

o Scope of this study

o Overview of current vegetable production
versus vertical farms

o Current vegetable production resource use
Focus on water
Transport and on-farm energy

o Vertical farm model
o Case study; vertical farms in Atlanta
o Takeaways and future research
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Per capita total fresh vegetable availability for a healthy
diet. Total = 43 kg/person/year.

Scope of this study:

Dark Green (kg/year) Other (kg/year)  Starchy (kg/year)
FrESh VegEtables broccoli ‘ 1.87 artichokes 0.3 green peas 0.2
- collard greens ‘ 0.09 asparagus 0.6 lima beans 0.0
for d healthy dIEt escarole ‘ 0.03 brussels sprouts ‘ 0.5 potatoes 20.3
that can be grown kale ‘ 0.15 cabbage ‘ 2.8 sweet corn 2.0
- - leaf lettuce ‘ 3.26 cauliflower ‘ 0.7 Total 22.6
In Vertlcal Farms mustard greens ‘ 0.08 celery 2.0
(VFS) spinach ® oss cucumbers ® s
. turnip greens ‘ 0.03 eggplant 0.3
Total 6.09 garlic 0.8
head lettuce ‘ 5.9
The mOdeIed VFS Ee;l&Orange ‘(kg/year) misc. vegetables 1.0
o o o ell peppers 3.9 . . .
mushrooms 1.7 Grown in VFs in this
are within walking o 0 M — Y
distance for people chilepeppers @18 0. |
o pumpkin i other vegetables 0.9 NREL Analysts
who currently live - 21 o
- sweetpotatoes 1.6 -
p beans 1.7
more than a mile —— SR
otal 31.3
from a grocery Total 33.9

Sources; “USDA ERS - Food Availability (Per Capita) Data System” 2020; Dieter and Linsey 2017; USDA 2020; “USDA/NASS

Sto re ° QuickStats Ad-Hoc Query Tool” 2021
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How would transitioning to a healthy diet and

moving vegetable production to VFs affect the
food system?

Current Food System VF Food Production
* Energy intensive * Energy inten;ive
. Ener%y use is distributed along the * Energy use is concentrated at the
supply chain farm | .
* Fossil fuel intensive * Primarily electricity
* Water intensive * Low water use
* Vegetable production is one of the e Requires very little land
mgs;oggt§;;{2§n5|ve segments of * Production is distributed

) )  Production is closer to consumers
 Land intensive

 Production is concentrated in a few
states



The observed
(baseline) U.S. diet
requires intensive
use (i.e., greater
than the food
system’s share of

GDP) for all
categories of
resource use except
forest products

Source: Canning et al. 2020

E:v.timated annual resource use in the Baseline diet across five categories, 2007

Total 2007 U.S. resource use and the food system's (Baseline diet) share

2.3 349 85.9 7.4 22.4 14.4

billion billion quadrillion billion billion trillion
100.0

The food system
accounts for

0,
b 8.6% of GDP
25.5% 18.1%
8.6 .
0.0 S 7.2 %o

Total land Freshwater Fossil fuel Greenhouse Forest Diet
area (acres) withdrawals energy use  gas emissions product contribution
(gallons per day) (Btu)  (metric tons CO,eq) use (8) to GDP ($)

Btu=British thermal units. GDP=gross domestic product.
Note: Baseline diet is measured from the 2007-08 National Health and Nutrition Examination Survey (NHANES) (USDHHS
CDC NCHS, 2013a)—a nationally representative survey of food intake by all Americans ages 2 and above.

Source: USDA, Economic Research Service.
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A m e rl C a n S W O u I d h aV e Ej::;:‘ti:;::,:on; c;::;g‘: ::etresource use going from Baseline to Healthy American diet
to dOUble th@ir 20 (77.8 billion

consumption of fruits
and vegetables to oy

transition to a healthy

gal/day)

(577 million (6.4 quadrillion (1.3 billion metric ($1.5
A . d . t H A D A acres) Btu) tons CO,eq) billion)
merican diet ( ) —
U.S. Department of Health and Human
Services and U.S. Department of Agriculture .10
2015 Agricultural Annual Annual fossil Annual Annual forest
land freshwater fuel energy greenhouse product
withdrawals use gas emissions use

Btu = British thermal units. Note: Baseline diet is measured from the 2007—-08 National Health and Nutrition Examination Survey
(NHANES) (USDHHS CDC NCHS, 2013a)—a nationally representative survey of food intake by all Americans ages 2 and
above. All diets are linked to the annual 2007 U.S. personal consumption expenditures on food (BEA, 2015). Healthy American

SEISE A diet is from a model that estimates the most likely food intake by all Americans in the 2007-08 NHANES sample who are meet-
Tra n S It I O n I n g tO t h e ing all 2010 Dietary Guidelines for Americans (USDA and USDHHS, 2010). . .
Source: USDA, Economic Research Service. source; Canning et al. 2020
HAD would reduce
resource use in all

Current > HAD reductions in calories Current > HAD increases in calories
Catego ri es exce pt * Sugars, sweets, & beverages -67%, * Legumes & nuts +173%,
. * Fats &oils -94%, *  Fruits +101%
freshwater withdrawals + Meats 24%,  + Vegetables +107%
* @Grain products -9% * Dairy +63%

Canning et al. 2020
NREL
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State Average Crop Irrigation (% of total freshwater withdrawals)

-10%

@ 2018 Vegetable Water Footprint (million m3)

ARIZONA, 461
CALIFORNIA, 3,524

WASHINGTON, 437

OREGON, 214
FLORIDA, 195
Y % TEXAS, 100
GEORGIA, 70
MINNESOTA, 105
.
NORTH CAROLINA, 45 S G WISCONSIN, 166
"]
@ MICHIGAN, 80
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Average Irrigation Water Efficiency for all Vegetables Produced in the State (L/kg)
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Most vegetables are grown in water-stressed regions in the western United States. Transitioning to the HAD would
increase annual freshwater withdrawals by 16%, primarily for increased vegetable production.

Moving some vegetable production® to distributed VFs would reduce water stress in vulnerable regions and reduce
overall water use for vegetable production by 50%.

*Eresh vegetables amenable to indoor production (see slide 5)

Sources; Canning et al. 2010; Canning, Patrick and Mentzer Morrison 2020; Peters, Wilkins, and Fick 2007; Canning et al. 2020; “USDA ERS - Food Availability (Per Capita) Data  \rE| | 9
System” 2020; Dieter and Linsey 2017; USDA 2020; “USDA/NASS QuickStats Ad-Hoc Query Tool”; Sarah Rehkamp and Patrick Canning 2021; NREL analysis.



Per capita, the supply
of fresh vegetables
ranked third-highest in
consumption of both
on-farm energy and
energy for freight
services in 2002.

The current per capita
supply of fresh
vegetables requires;

e 20 m?of land

* 400 kWh of energy
« 10,000 L of water

Sources: Canning et al. 2010, (“USDA ERS - Food
Availability (Per Capita) Data System” 2020),
(“USDA/NASS QuickStats Ad-Hoc Query Tool” 2021

1,200.0

1,000.0

800.0

400.0

2002 Per Capita Energy Use in the U.S. Food System (kWh/year)

m Farm and agribusiness
m Food processing

m Packaging

» Freight services

m Wholesale / Retail

200.0 " =
|-
-
BENE
S o o s 5 o 9 5 S 9 o) N R ) & o ] x>
< X X X . (A 2 Mo 4 o £ A X, L
& @@’ @‘?5‘ 7 S \,39\ obo" &&oo Q© 68? & \,sb&g‘ \(\1@’ 5 &
* &) & o o S o
\093'\ & & & ¥ & & & <« ¢ & K & &
& Y& e o S & &
0\\ > \} "b‘ Q'b o Qf‘ o o
(Ja{\ Q, Qo G,‘\)% Q& & ‘\‘.’ ‘J@(\
N
& «° &
Qb
‘.,
&
O
€

*Snack, frozen, canned and other foods, spices and condiments

Per capita distribution of energy use among food categories and supply

chain st
Source:

ages (kilowatt-hours per year [kWh/year]) in 2002.
Canning et al. 2010; NREL Analysis.
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Fs to maintain_
dj‘tionsi |

Lighting Heating, Cooling & Humidity Control

Modeled system;
high-efficiency light
emitting diode (LED)

Modeled system assumes integration of heating
and cooling systems with the rest of the
building.

*6.4 kWh/kg *3.1 kWh/kg
o 133 kWh/ /
kWh/person/yr person/yr

* High variability in literature values

Sources; Hanford 2004; Martin, Poulikidou, and Molin 2019; Avgoustaki and Xydis 2020; Barbosa et al. 2015; Nelson and Bugbee 2014; Olvera-Gonzalez et al. 2021; Sanyé-Mengual et al. 2018; (Adenaeuer 2014;

- - T3
. Photo from.iStock-1152223992

CO, concentration Mechanical

Slightly elevated CO2
concentrations through
integration with an
occupied building

Energy is used for
mechanical and
control equipment.

0.1 kWh/kg
0.2 kg CO2 required/kg
4.3
(not modeled as an KWh/person/yr

input)
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Number of residents with low- g m
Three or more farms access to a grocery store 0 | } 7000 Wi
would be needed to RAR W i,
supply vegetables within
walking distance of low-
access residents in the
circled tract
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Per Capita Modeled Values for HAD
fresh vegetables;

e Electricity; 410 kWh.
* VF footprint; 0.64 m?.

6,500 residents of

this census tract do
not have a grocery

store within % mile

 Water Requirement; 340 liters

UnionCity .~ ' . , e

VF production of a subset of
fresh vegetables would
reduce overall water use for

Vegetable prOdUCtion by 50% Sources; Tableau background maps; USDA2021b; U.S. Censusﬁureau
“"TIGER/Line shape files; NREL analysis.

FIFE

l Gl 507 nuils |

Sources; Batstone et al. 2015; Cai, Park, and Li 2013; Ye et . . . .
al. 2020; Theregowda et al. 2019; Wu and Vaneeckhaute Food Availability Atlas Data for Atlanta; Population Without Access to a

2022; Perera and Englehardt 2020; Rahimi et al. 2019; Van Grocery Store Within Walkmg Distance (~ 1 mlle)

der Hoek, Duijff, and Reinstra 2018; NREL analysis NREL | 12




VF Production (kg/year) Needed to Supply Fresh
Vegetables to Low-Access Communities in Atlanta

In 2019, ~1.9M people in
Atlanta, GA had low
access to a full-scale
grocery store within 1
mile of home (~30% of
the population of the
Atlanta Metropolitan
Statistical Area)

To meet this need:

~81M kg/year of
vegetables would be
produced by VF
agriculture,

occupying a land area
of 1.2M m?

The VF farms would
consume ~780
GWh/year, ~0.5% of
the total per capita
energy use for the
low-access VF
customers

Current Diet Healthy Diet

100,000

10,000

1,000

100

10

VF production (kg/year) needed to supply fresh vegetables to people with low-
access to grocery stores in Atlanta, GA. Each dot represents the low-access
population in 1 square km. Sources; USDA 2021b; census TIGER/Line, NREL analysis.
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VFs can be Scaled to Serve Customers Within Walking Distance

VF Vegeta b | e o S0 ed ® ittt : Norcross . R ... o
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7 . Forest Park
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140,000 kg/year Py WA, s e e ool 00 B
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Source: Map produced in Tableau from NREL Analysis
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N N Re® 8 N
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D Atlanta
@ Candler-
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Source: Map produced in Tableau from NREL Analysis

Farm A: 261,000 kg vegetables/year

 Walking distance for 6,100 people
currently with low-access

3,900 m2 (42,000 ft2) floorspace

Lit
P g2 6
12854
Stonecrest
(kg/year)
Farm B |
0. 3,300. 140,000

Farm B: 138,000 kg vegetables/year

 Walking distance for 3,200 people
currently with low-access

« 2,100 m2 (22,000 ft2) floorspace :=



Key Takeaways

VFs can be implemented at almost any scale
and could supply fresh vegetables for a
healthy diet to currently underserved
communities.

VFs, have the potential to reduce water use
for vegetable production by 50%, mitigating
the water impacts of transitioning to a
Healthy American Diet.

VFs can be integrated into cities. VFs require
only a fraction of the land area of in-ground
farming and efficient lighting and heating,
cooling and humidity control can reduce
electricity use to values comparable to the
current vegetable production supply chain.

(tlanta

wut
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d

Forest Park

L

Morrow

€l

Panthersville
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Future Research

* Expand the VF analysis to include aquaculture and optimize
integration of VFs with building (e.g., explore trade-offs with
rooftop greenhouses).

 Develop a VF-building integration model to accurately predict the
energy, water, and other impacts of integrating VFs with
buildings.

* |nvestigate the feasibility of using brownfields, underutilized
shopping malls, underutilized office buildings etc. for VFs in case
study locations.

* Complete a national scale VF analysis.
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Thank You
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