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Introduction: urban agriculture

» Emerged as an alternative way to
produce food near cities

» Gained attention and popularity after
COVID, with large capital investments

» Aims to improve food security,
resilience and sustainability

» Uses technologies & management
practices that are still at their infancy,
where increased maturity levels are
expected in the future




@
o
o
o
(74
o
e

<

Introduction: urban agriculture

B

But why UA?

Close to people = potential to provide more
ecosystem services

Close availability (< 30km) of
unconstrained waste stream resources
from cities

Closed controlled environments = facilitates
resource recirculation & revaloritzation

they have more potential to
improve in the future!
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The ecofarm—city project s&5y @ivl © Agroscope
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Objective => To assess the potential of future developments in vertical farms (VFs) to
mitigate future environmental impacts of agricultural production in comparison to
conventional (CA) systems.
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ECOFARM-CITY FARMS CITIES

vertical farms for circular cities

A research project

funded by:
rORMAS :*° Shift the product-oriented focus of VFs to
FOR SUSTAINABLE DEVELOPMENT include the benefits that VFs can provide to

cities when integrated!



The ecofarm—-city project
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The ecofarm—-city project
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The ecofarm—-city project

Steps to reach project objectives:

O

Setting-up tools,
harmonizing data,
improving
consistency for
pLCA

©

Understanding current
environmental impacts of
VFs
+
identify and assess
common improvement

technologies
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Comparing current and
future environmental
impacts of vertical farms
with conventional

agricultural systems



@ LCA impacts of VFs vs CA: challenges

LCl data consistency from current agri-food databases

. LCl data formats, background versions




Increasing the consistency of agrifood databases:
a python library using Brightway2 framework

Underlaying
background information
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LCA methods
development
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SimaPro
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1S built-in strateg

databases & methods as itis:

mapping from SimaPro to
coinvent L

Cédric Furrer

To copy from SimaPro

Simapro_setup.py

L |£E
names, units, m -
To copy from SimaPro
databases & methods,
up to date: 4

Simapro_setup

_updated.py

including the functions

mapping bioshpere flows
Sﬂna ro to Ecoinvent

updating tech. processes
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@ LCA impacts of VFs vs CA: challenges

LCl data consistency from current agri-food databases
. LCl data formats, background versions

System completeness

. Different system boundaries
. Different assumptions: building envelopes of VFs
. LCA practitioner modelling decisions



Number of assessed inventory items per category
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Other consumables (Seeds, pH control) M Cleaning/protection m Carbon supplementation
W Packaging M Energy M Infrastructure - cultivation system




@ LCA impacts of VFs vs CA: challenges

LCl data consistency from current agri-food databases
. LCl data formats, background versions

System completeness

. Different system boundaries
. Different assumptions: building envelopes of VFs
. LCA practitioner modelling decisions

Data representativeness

. Lack of data to increase representativeness
. Temporal gaps in VFs operation
. Different products, different regions, different maturity levels




Assessing LCA impacts of lettuce
@ and basil from 3 VFs

ReCiPe method, Ecoinvent 3.10

/ 2,

Supernormal Greens®
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LCA impacts of VFs: energy use

Kikuchi 2018
De Oliveira 202 3
Cheng 2024
loensuu 2024
Martin 2024b
Gargaro 2024
Casey 2022
Martin 2024a
Blom 2022
Maynard 2023
Song 2022
Martin 2023

kWh/kg edible

38
38

40

35

30

25

20

15

10

kWh/kg edible

138




)
Q
0
v}
0
()
t
o
<

LCA impacts of VFs: land use
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LCA impacts of VFs: water use

Kikuchi 2018
Gargaro 2024
loensuu 2024

De Oliveira 2023
Song 2022
Martin 2024a
Blom 2022

Cheng 2024
Martin 2023

Maynard 2023
Casey 2022
Martin 2024b

v
=}
]
o
v
()
t
=]
<

liter water (irrigation)/kg edible

&0

50

a0

30

20

10

liter water (irrigation)/kg edible

52




Assessing LCA impacts of novel
@ agricultural technologies

A
\J@) Automatized production
—A systems

On-site lab-scale aerobic
\—

reactor for nitrogen
AR recovery
0 Alternative nitrogen
B sources, other circular

strategies




Supernormal*
Mixsallad :=

En sallad odlad i Sverige, inomhus,

aret runt. Helt utan bekdmpnings-

medel i ett cirkulart odlingssystem.
xtra krispig, véldigt god och redo
{tatas direkt!

7 “Acompletely normal salad
grown in a supernormal way.
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@ Assessing LCA impacts of novel

agricultural technologies

o ’@
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Automatized
production systems

Cimate change impacts
(kg CO, eq)

Increased infrastructure
impacts!

Highly dependent on the
energy consumption and
electricity grid sources!
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0.002:00 I
2023

® Growing Media
u Other Consumables
m Carbon Suppl.
u Energy
Transportation-Out
® Waste Handling-EOL Product
H |nfrastructure

Mazzaferro,

Loris

MSc.

I
2024

u Fertilizer

m Cleaning/Protection

m Packaging

H Transportation-In

m Waste Handling-Farm

= Maintenance

®m Waste Handling-EOL (Infrastructure)



Assessing LCA impacts of novel  Mmaizaetal,
@ agricultural technologies 2025

Climate change Cumulative Energy Demand
(kg COz-eq.) (MJ-eq.)
3.0e+1 8.0e+2
l On-site lab-scale aerobic
@ reactor for nitrogen
' ‘K recovery
. 0.0e+( - E—_—_— . 00040 )
Different alternative scenarios assessed: S1 S2 S3 S1 S2 S3
Sl = ArtIfICIaI Wetland Freshwater eutrophication Marine eutrophication
. (kg P-eq.) (kg N-eq)
S2 = Aerobic reactor
S3 = WWTP (Waste water 4e-02
treatment plant) L e
2e-02 0e+00 .
&
(o] .
Highly dependent on the 102 . | -
2 1 00400  pu— ) -5e-03
energy consumptlon and s1 S 3 1 $2 <3

electricity grid sources!




Assessing LCA impacts of novel Alicia
@ agricultural technologies Invernén,

Objective

system efficiency

10 +

09 +

0.8 +

0.7 +

MSc

To assess the extent to which a set of circular strategies can
improve the environmental sustainability of two European VFs,
considering their different maturity level and regional contexts

Retrospective LCA | Ex-ante / Prospective LCA
N

Improvement Scenario

Current Scenario

=> compare system
Linear Scenario environmental efficiency

N

-

2015 2020 2025 2030 2035 2040 time



Improvements & scenarios considered

@ Linear Scenario

No circular strategies.

@ Current Scenario

VF1 — Strategies 3,4, 7,8

vV v

VF2 —b Strategies 3,4, 7

G Improvement Scenario

All circular strategies.

00000000

Compost

Rainwater harvesting system

Closed-loop irrigation system

Condensed water recovery

Struvite

Reuse waste heat

Recycling of materials

PV panels



Comparative analysis of 2 VFs
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@ Assessing LCA impacts of VFs in the future

® Climate change impacts according to the agricultural system and the energy source:

VF
1kg of
lettuce GH
VF = vertical farm
GH = greenhouse
OF = open field OF
eceinvent IMAGE
% J@é}% PBL Netherlands Environmental
Il Assessmen t Agency

2020

2030

2040

2050

2020

2030

2040

2050

2020

2030

2040

2050

11T .l
-81% electricity

01—
1 -

I |
=
Eeeeesssssm— -3.6% heat

|

] |

1 -22% transportation
1

IMAGE SSP2-RCP19 pathway, EF v3.1 climate change



@ Assessing LCA impacts of VFs in the future

Retrospective LCA | Ex-ante / Prospective LCA

N < > |€ >
1.0 +
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8 09 .

= Improvement Scenario
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T 0.8 .

5‘ Current Scenario
“é& 07 4 Linear Scenario
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Artificial intelligencecan regulatelight
and climatesystems to reduce energy
usein plantfactories andsupport

sustainable food production
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— (oS —  plantfactorieswith artificiallighting (PFALs) canboost food production

AT - perunitarea but require resourcessuchas carbon dioxideand energyto

_'7Ch°f'k_‘°7r updatest - maintain optimal plant growth conditions. Herewe use computational

modellingand artificialintelligence (Al to examine plant—environment

interactions acrossten diverse global locations with distinct climates. Al
reduces energy use by optimizing lighting and climate regulation systems,
with energy usein PEALs ranging from6.42kWh kg'in cooler climates
to7.26 KWhkg inwar mer climates, ¢ ompared t09.5-10.5kWh kg'in
PEALS using exi sting, non-Al-based technology. 0 utdoor temperatures
between 0°C and25°C favourvemi'.alion-related energy use reduction,
with outdoor humidity showing no clear pattern of effect on energy use.
Ve ntilation-re]ated energy savings negatively impact other resource
utilization suchas carbon dioxide use- Alcan substantially enhanceenergy
savings in PFALS and support sustainable food production.
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population growth and rapid urbanization have exposed the yulner- and ventilation, proper moisture control, optimal carbon dioxide
abilities of our food production sys(cms‘-". highlighting the needto  (CO2 suppleme ntation, sufficient nutrient and water supply. and
build moleresilicmfood sysnemsworldwidc'. Failing toaddressthese appropriate light intensity and schedule. These activities modulate
wul nerabllm.cscould impede progress towards achicvingscvcral United cnvironmen(al factors such as temperature. humidity and CO; levels
NatmnsSustainab'leDevelcpmcm Goals(SDGs) such ashunger reduc- within the facility, directly impacting plant physlo‘lngica\ processes
tonandeny jronmental sustainability by 2030".Oneway o strengthen suchas phomsynlhcsis, transpirationa nd respiration. Maintaining
theagriculture food Sysu:mishyadop{ingplanlfac\orlcswilh artificial consistent and ideal levels of these environmental factors within the
lighting (PFALs)Y - PFALsarean intensive farming approach whereby PFAL is important 1@ prevent plant stressand wilting", Furthermore.
plantsare grown inmultiple |ayerswithin acontrolled environment’. PFALsdependon artificial light. whichis absorbed by the chlorophyll
This farmlngappruach enables ycar-mund prod.uc(lonof high-quality in the leaves L@ facilitate phntosynthesis, a crucial process for pro-
Crops, regam'lessofcx(ernal climate conditions. However. this level moting plant growth. MNevertheless, rcgulatinglhese cnvironrncmal
of control comes at the cost of increased resource consumpuon“, factors necessitates the use of finite resources such as energy, water
underscoring the importance of optimizing these systems for andCOz Asaresult, PFAL npcra(ionlj.lpl.call:,I jnvolveshigh energy con:

oy imumimpact. snmpﬂon.rend ering these facilities more energyintensive than other

o ovironment is Key forthe farming types, such as greenhouses of open-field farming” " 1tis

or e L imnortant o ensurean adequate supply of CO: and maintain

o et S e e fantars dictate the rate

Assessing the envi
, J environ :
different circular stratelgizgtiali 'zmvaascts o

tive LCA | Ex-ante / Prospective LCA

A 4
M

L
Cal

Improvement Scenario

Current Scenario

ar Scenario

2025 2030 2035 2040

v

time



Assessing the environmental impacts of
different circular strategies in 2 VFs
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Conclusions

O
O

» Electricity consumption dominates the environmental impacts of vertical farms
ranging from 39-87% (Stockholm) to 51-88% (Barcelona).

» Following, infrastructure, fertilizers and packaging sum up
> 80-90% of all impact categories analyzed.

» VF have been evolving during the last years to reduce their environmental
impacts around 20% compared to the first linear vertical farming systems.

» By implementing improvement / circular strategies, VFs’
environmental impacts could be further decreased by up to 29-34%.

» Vertical farming systems have the potential to improve resource-use

efficiency of plant growth and its related environmental impacts
in the future due to changes at the foreground and background systems.
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