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A complex ecosystem

Interacted with over 900+ actors in 95 countries



The sector at a glance (1:2)
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1 Rent/lease its productive spaces (~ 65%)

2 Work in controlled environments (~70%)

3 Do not use soil (~70%)

4 Adopt vertical farming technologies (~40%)

5 Operate at least 1000 m2 of surface (~80%)

6 Is certified (~30%)

7 Targets local/national markets (~ 80%)

The sector at a glance (2:3)



The sector at a glance (2:3)



1 Rent/lease its productive spaces (~ 65%)

2 Work in controlled environments (~70%)

3 Do not use soil (~70%)

4 Adopt vertical farming technologies (~40%)

5 Operate at least 1000 m2 of surface (~80%)

6 Is certified (~30%)

7 Targets local/national markets (~ 80%)

The sector at a glance (3:3)



The technology drive (1:2)



The technology drive (2:2)



Cost reduction case study: Vertical Farming (1:3)

CAPEX

 Cost analyses are not uniform, as systems vary and analyses exclude CAPEX and OPEX elements, rendering comparisons challenging

 Hardware and software solutions need to be designed to optimize total cost of ownership (TCO) costs

 Rising energy costs and investments required in upskilled labor demonstrate the need to find innovative solutions to reduce these costs

OPEX



Are VFs profitable?

Some aggregated 

studies show that the 

number of profitable 
VFs is increasing

But the lack of real 

case studies, 

benchmarks and 

frameworks makes it 

difficult to address 
claims on profitability 
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Retail price comparison: VF and non-VF packaged lettuce

VF products offer distinguishable value-added 

characteristics and these come at a cost. Premium price 

points are often commanded to cover these costs

+70%

In September 2022, pricing spot checks were conducted across 29 

retailers in 11 different countries

Observed characteristics

1 Emerging sector – data can be considered proprietary 

2
Many VF studies extrapolate data from greenhouse 

literature or use projections from VF system vendors 

3 Financial analyses are often hypothetical

4

Financial analyses are not uniform (omit or under-

estimate cost elements) rendering comparisons 

challenging

5
Each farm is unique

Cost reduction case study: Vertical Farming (2:3)



VF penetration of potential packaged salad market by 2025

Forecast

Packaged 

lettuce: 

~ EUR 

18 Bn

Ready-to-eat salad market 

forecasted using pricing and 

volume CAGRs

VF penetration rate:

o Business model clarity;

o Rate of technology 

advancement;

o Energy and labor cost 

innovation;

o Climatic conditions

o Consumer appetite 

Potential VF 

penetration: 

EUR 0.9 –

7.2 Bn

Challenges

 Lack of data sharing, no blueprints or 

frameworks for scaling and measuring 

performance of VFs

 Business models in a flux and being refined 

to respond to challenges/opportunitites

 Lock-in risks for maintenance/services from 

suppliers

Opportunities

 Energy circularity solutions and intermittent 

lighting strategies 

 Hybrid models 

 Optimization of TCO costs 

Challenges and opportunities for scaling up VFs

Cost reduction case study: Vertical Farming (3:3)



We assessed vertical farming preconditions

for investments via a statistical analysis of

environmental, economic and social indicators

(147) (methodology peer reviewed in

Paucek et al, 2023)

Investment preconditions (1:2)

https://doi.org/10.1038/s41598-023-29027-8
https://www.nature.com/articles/s41598-023-29027-8


The analysis points out that preconditions are

available mostly in: Poland, Czech Republic,

Estonia, Hungary, Slovenia, Slovak Republic,

Türkiye, Cyprus

Investment preconditions among EBRD countries (2:2)



• Many claims may be unsubstantiated in literature

• Large span of results for different 
products/production methods

• Results are context/regionally dependent 

• Need for common metrics and KPIs for 
comparisons

• Hard to extract other KPIs

• Water Use (Lettuce): VFs (0.5-16 L/kg), GHs 
(1.5-16 L)

• Energy Demand (Lettuce) VFs 2.4-38 kWh/kg, 
GHs 2-4 kWh/kg

Commercial Urban Farming Life Cycle Assessment (Literature review 1:2)
(r

es
u

lt
s 

in
 b

ra
ck

et
s=

o
n

ly
 o

n
e 

st
u

d
y 

av
ai

la
b

le
)



0.15

0.06

0.02

1.16

0.00

1.00

0.36

1.02

0.19

0.18

0.06

0.00.51.01.52.02.5

Growing Medium

Fertilizers

Water

Energy

Seeds and seedlngs

Packaging

Pesticides

Direct emissions

Transport

Waste

GH or VF infrastructure

Rainwater Harvesting System

Auxiliary Equipment

Transport

Waste

0.47

0.28

0.00

2.26

0.01

1.97

0.00

0.00

1.16

1.02

0.13

0.00

0.02

0.00

0.00

0.0 0.5 1.0 1.5 2.0 2.5

Example 1: Large Vertical Farming Example 2: Large High-tech Greenhouse

Operation - Infrastructure

Commercial Urban Farming Life Cycle Assessment (Case Studies 2:2)

Each system should be evaluated separately

Current availability of data is not enough to perform robust comparisons between technologies

Artificial lighting and ventilation are the main impact driver in terms of greenhouse gas emissions (between
27 and 86% of contribution)

kg CO2 eq. per kg of leafy greens



Innovative production systems can reduce FLW 

thanks to:

 Shorter value chains and higher product marketability

 Reduced time between production and consumption

 Supply agreement with retailer or consumers

 Data-driven production and plant performances 

models

 Lower losses due to external variables

Commercial Urban Farming Food Loss and Waste

With high-tech farms FLW are halved in the harvest and 
post-harvest step and quality losses are minimized



What have we learnt (1:3)?

●
Energy and (specialized) HR costs are on the high

side, as well as capex costs

● Market standards for VF do not exist yet

● An advanced enabling environment is necessary

(infrastructures, skilled HR, etc)

Main 

Challenges



What have we learnt (2:3)?

● Limited access to data/information (in particular

financial data) -> difficulty to assess profitability

● Confusion around business models: is it an

agribusiness or a tech-driven business?

● Unclear size of the markets for VF products

Main

Uncertainties



What have we learnt (3:3)?

●
Novel products, with distinguishable value-added

characteristics

●

Real possibility of differentiation of the market

reflecting product quality (organoleptic, shelf life,

etc)

● Room to drastically reduce CAPEX and OPEX

●

Demonstrated performance in terms of productivity

and certain elements of sustainability (water, less

FLW, etc) and ecosystem services provision

●
UF brings R&D/innovation/capitals to farming, with

applications in other sectors

Main
Opportunities



Investment opportunities (Agribusiness team and other parts of  the Bank)?

• Venture capital operations 
• Corporate lending to clients with track record 
• Municipal lending for greener cities



22 
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6

international projects

65 

Companies

14 

Associations

6 

web magazines

18 

Universities

800 

participants

Special Thanks 



MANY THANKS

NYC Department of City Planning. Urban Design Office. June 2018.

Contact Person: Jacopo Monzini (CFIC) Jacopo.Monzini@fao.org

mailto:Jacopo.Monzini@fao.org

