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The world

population
will reach
almost 10
billion by
2050

here are two facts that and water“"", In fact, every greenhouse gas emissions "'*"7,
alarm the scientific commu- year billions of trees are cut .
nity: one, the world population down to make space for agri- Sg hlﬁ;‘éig?]nwv}’tehgeﬁd dgsgti;‘gwilr?g
will reach almost 10 billion by culture"™ ™. And if that wasn't ’Ir?hep lanet? ying
2050""*7, and two, the Earth is enough, farming is responsible P ’
running out of farmable land for around 20% of humanity’s Well, there might be a way.

Every year billions of trees are cut
down to make space ror agriculture

Please note that this resource follows American English spelling conventions
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Vertical farming
could allow
humanity to grow
more food than
you'd ever imagine

here's a new technique

called vertical farming,
which could allow humanity to
grow more food than you'd
ever imagined, and all with the
help of Al and robots. But while
some think this is the future,
others think it will never really
work. So let's weigh up the pros
and cons of vertical farming. Well, continuing down this path global freshwater use**“" and

is not sustainable. results in unsustainable levels

of CO, emissions'® %2,

Over the centuries,
unsustainable farming practices
have caused widespread soil
degradation, combined with
vast deforestation, urbanization
and misuse of fertilizers and
pesticides!” .,

You know, the climate crisis? All

: these elements are threatening
gigtrzl"g E\g/%qsgﬁ?gnae%?c'sh Jmans to destroy Earth's ecosystems. So how can humanity farm
They used to walk the earth, On top of this, conventional more sustainably in the
hunting and gathering what- farming accounts for 70% of future?
ever they could to survive”*#?,
And then something radically
changed—they discovered
agriculture”***,

This practice boomed and
expanded rapidly and today,
cropland covers about 12% of
all land on Earth!*>*%],

So what's the problem?
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hroughout history, technol-
Togy has played a crucial role
in addressing the needs of a
growing population.

Thankfully, several sustainable
solutions are being developed,
and one of the more ambitious

technologies is vertical farming:

a system in which crops are
grown indoors in cutting-edge
facilities with fruit and veg-
etable plants vertically stacked,
one on top of the other, in pro-
tected environmental condi-
tions that are always monitored
and controlled!**#+*°,

Vertical farming also doesn’t
need soil. Crops are generally
grown in nutrient-rich water.
This is called hydroponics
1464748 —or they are grown in
the air, and this is called aero-
ponics“¥ 7,

These systems could play a key
role in alleviating land scarcity
and soil degradation.

So, how does it work?
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Vertical farming also
doesn’t need soil

Since there's no sun-
light indoors, vertical
farming uses LED
lights'**.

It also harnesses sophis-
ticated, smart tech-
nologies like sensors,

Al and automation
to enhance effi-
ciency by pre-
cisely controlling
all the factors
that contribute
to plant growth,
such as nutri-
ents, light, tem-
perature, and
humidity™* 7.

So it doesn't
matter where you
are in the world,
or what season it
is, you can now
grow crops any-
where, anytime.




ertical farms are already

being installed in places like
abandoned buildings ,
underground parking lots ,
and even shipping contain-
ers . This has allowed
humans to grow food in urban
environments like Tokyo and
Cairo

Today, most food travels thou-
sands of kilometers to reach
people's plates, but growing it
locally could avoid hundreds of
megatons of CO, emis-

sions

For certain crops, vertical
farming could produce 10 to
100 times more crops than
traditional farming

with traditional farming, one
square meter of land produces
about 9 lettuces in a 4 month
harvest; compare this to
vertical farming which could
produce over 600!

And one of the best parts, this
clean environment also lowers
the risk of pests and diseases,
reduces the need for harmful
pesticides, protects crop yields
and saves precious

water

In fact, you can reduce water
use by up to 95% by keeping it
in a closed loop of

irrigation

Vertical farming could
produce 10 to 100

times more crops than
traditional farming
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But vertical
farming does
have its
drawbacks

F irst of all, it needs a large
amount of energy, much
more than traditional farming,
mostly due to the use of artifi-
cial lights'“® %],

And if this energy comes from

fossil fuels, it will produce CO,
[93,94, 95]

Secondly, while vertical farming
is well suited for crops like leafy
greens, herbs, and smaller veg-
etables, it's not currently suit-
able for dense crops that
demand significant space or
longer growth cycles'”> %/,

In addition, these farms rely on
people trained in a new set of
skills.

All these factors mean a lot of
investment is needed®® #¢ 29.100],

So what to do?
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ell, experts around the A solution must be found And though it currently has its

world are working to find because by 2050, about 70% of limitations, vertical farming
ways to run vertical farms on humanity will live in cities that carries the potential to reshape
renewable energy, like solar or will grow larger and larger'"” 29/, agriculture once again. Experi-

wind power > and recycle
waste heat and CO,""* "%,

ments by NASA have even
shown that vertical farming
could one day allow humans to
After all, thousands of years of grow food on space stations or
agricultural innovation have even on Mars'** 1%,

already changed human lives

for the better'?" 2122,

In this scenario, vertical farming
could become a precious ally.

But meanwhile, back on
Earth, vertical farming
could take on two
massively important
challenges:

Reducing CO-
and

growing enough
food for
everyone!
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More Ways to Save the Earth

Earth 2050 has identified 42 solutions to get the planet to net zero carbon by the year 2050

Why Solar Power Is the Future of Our Planet

Could humans power the entire planet from a desert?

We explore this idea and other options, from rooftops to agri-
voltaics to floating arrays. We show how solar power actually
works, and explore new materials like perovskite that turn win-
dows into solar panels.

CAN THIS \ Solar is now the cheapest source of energy in human
» El [=] history, but there are still some problems to over-
“THE WHOLE EARTH? e come...

youtu.be/8ICCk-cKFQ

Can Geothermal Energy Replace Burning Fuels for Goodl?

There's an almost inexhaustible source of energy right under our
feet.

We tell the story of geothermal energy. Then compare traditional
plants with enhanced geothermal plants which can be dialled up
to balance wind and solar, and ground-source heat pumps for in-
dividual buildings.

We also look at new deep-drilling tech that vaporizes % EI
rock instead of cutting it, a path that could make =t
geothermal possible almost anywhere on Earth. -L A

youtu.be/mwhzWtoeEgw

The Secret Energy Source in Every Atom

Few topics split the room like nuclear energy.

We explain how fission makes electricity without burning fuel,
why steady output can help alongside renewables, and what his-
tory tells us about accidents and waste.

oMo We also look at costs and timelines, long-term waste
= storage, and where newer designs like SMRs could
show up next, from nuclear-powered container ships
[w] . to data centers.

youtu.be/R8UGarcy7CY

VISIT OUR WEBSITE EARTH2050.COM
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EXPERT ADVISORS

We would like to thank our expert advisors.

Prof. Emeritus Dickson Despommier
Department of Environmental Health Sciences
Columbia University

Prof. Leo Marcelis
Chairholder Horticulture and Product Physiology Group
Wageningen University & Research

Prof. Chungui Lu
School of Animal, Rural and Environmental Sciences
Nottingham Trent University

FURTHER VIDEOS (NON-AFFILIATED)

Overview — The Future of Vertical Farming

Growing Up: How Vertical Farming Works | The B1IM
The Sweet Future of Vertical Farming | Hiroki Koga | TED

Vertical farming Around The World

How Singapore is using tech to grow food without farmland | CNBC
Are Vertical Farms the Future of Agriculture? | Great Big Story
Could vertical farming be the future of our food? | SkyNews

Vertical farms: A new form of agriculture | CBS

Tokyo's Vertical Farms - The Future of Farming | WIRED

James Dyson reveals the future of farming | Dyson

Dyson Might Just Have Solved Vertical Farming | The UpShift

Lessons to be Learned

Vertical farms are failing - what we can learn from their mistakes | Nicholas Varas | TEDx Talks
The EPIC Failure of Vertical Farms - What Happened? | Two Bit Da Vinci
Why Vertical Farms Keep Failing Around the World | Arctic Farming
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https://www.youtube.com/watch?v=QT4TWbPLrN8
https://www.youtube.com/watch?v=RsXLT2z3X8g
https://www.youtube.com/watch?v=GKZwMdxNerU
https://www.youtube.com/watch?v=1KvYP5u9fM0
https://www.youtube.com/watch?v=YB9tYRchAh8
https://www.youtube.com/watch?v=JixDaIoJrAI
https://www.youtube.com/watch?v=pGtdoGXhjxQ&t=4s
https://www.youtube.com/watch?v=FA6BCIWPJ30
https://www.youtube.com/watch?v=G9mLOzi-xlE
https://www.youtube.com/watch?v=Oo7DpNPR-tM
https://www.youtube.com/watch?v=8BXHu_yXVQk
https://www.youtube.com/watch?v=tLiuS0VRawM
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FURTHER READING

Overview — Advantages and Disadvantages

Vertical farming | Description, History, Aquaponics, Hydroponics, Crops, Pros & Cons | Britannica
Vertical Farming: Everything You Need to Know in 2025 | GreenVerti.com

11 Vertical Farming Advantages: Complete Breakdown | Eden Green

These are the 7 biggest DISADVANTAGES of vertical farming | Arctic Farming

How far can vertical farming go? | BBC Future

Four myths about vertical farming debunked by an expert | The Conversation

The Impact of Agriculture

How much of global greenhouse gas emissions come from food? | Our World in Data
Drivers of Deforestation | Our World in Data

Climate change: Land degradation and desertification | WHO

Sizing Up How Agriculture Connects to Deforestation | Earth Observatory | NASA
Water | UN FAO

Statistics | UN World Water Development Report

History of Agriculture

Hunter-gatherer | Definition, Societies, & Facts | Britannica
The Development of Agriculture | National Geographic

Urban Vertical Farming

Vertical Farming and the Revival of Abandoned Urban Spaces | Green.org

Empty Office Buildings Are Being Turned Into Vertical Farms | Smithsonian

Old MacDonald had a carpark? The urban farms growing in unlikely places | Cities | The Guardian
Could container farms revolutionise the farming industry? | Vertical Farming Today

Further Innovation

How to reduce vertical farming energy consumption? | Avisomo
Vertical Farming Technology: Everything You Need to Know | SmartTek Solutions
Emerging Technologies in Vertical Farming | Green.org

The Technologies in Vertical Farming | Viemose DGS



https://www.britannica.com/topic/vertical-farming
https://greenverti.com/articles/vertical-farming-all-you-need-to-know.html
https://www.edengreen.com/blog-collection/how-hydroponics-can-save-our-food-system
https://www.arcticfarming.io/blog/the-7-biggest-disadvantages-of-vertical-farming
https://www.bbc.co.uk/future/article/20230106-what-if-all-our-food-was-grown-in-indoor-vertical-farms
https://theconversation.com/four-myths-about-vertical-farming-debunked-by-an-expert-226675
https://ourworldindata.org/greenhouse-gas-emissions-food
https://ourworldindata.org/drivers-of-deforestation
https://www.who.int/news-room/questions-and-answers/item/climate-change-land-degradation-and-desertification
https://earthobservatory.nasa.gov/images/148674/sizing-up-how-agriculture-connects-to-deforestation
https://www.fao.org/one-health/areas-of-work/water/en
https://www.unesco.org/reports/wwdr/en/2024/s
https://www.britannica.com/topic/hunter-gatherer
https://education.nationalgeographic.org/resource/development-agriculture/
https://green.org/2024/01/30/vertical-farming-and-the-revival-of-abandoned-urban-spaces/
http://green.org
https://www.smithsonianmag.com/innovation/empty-office-buildings-are-being-turned-into-vertical-farms-180982502/
https://www.theguardian.com/cities/2019/dec/17/old-macdonald-had-a-carpark-the-urban-farms-growing-in-unlikely-places
https://www.verticalfarmingtoday.com/features/could-container-farms-revolutionise-the-farming-industry.html
https://avisomo.com/reduce-vertical-farming-energy-consumption/
https://smarttek.solutions/blog/vertical-farming/
https://green.org/2024/01/30/emerging-technologies-in-vertical-farming/
http://green.org
https://viemose-dgs.dk/vertical-farming-technologies/
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*REFERENCE NOTES

[12-15] Number of trees cut down to make space for agriculture:
[12] “Fifteen billion trees are cut down every year” — (2015) Mapping tree density at a
global scale | Nature (as quoted in Deforestation and Forest Loss | OurWorldinData)

[14] "The UN FAO estimates that 10 million hectares of forest are cut down each year” — (2020) Global
Forest Resources Assessment (as quoted in Deforestation and Forest Loss | OurWorldinData):

— Rates of net forest loss are often cited at around 5 million hectares per year: “Between 2010 and 2020, the
net loss in forests globally was 4.7 million hectares per year. However, deforestation rates were much
higher.”

[15] "At least three-quarters of this is driven by agriculture — clearing forests to grow crops, raise livestock,
and produce products such as paper” — Drivers of Deforestation | OurWorldinData:

— Several estimates can be found in the literature on what share of deforestation is driven by agriculture.
Differences in these estimates are often explained by differing considerations of deforestation versus forest
degradation. Agriculture accounts for 70-80% of tropical deforestation — the permanent conversion of
forested land to another land use. This share is slightly lower when degradation is included i.e. temporary loss
of forest or permanent loss of forest quality.Noriko Hosonuma et al. (2012) estimate that 73% of tropical
deforestation is driven by agriculture.

See here and here for more information

[16-19] Percentage of global greenhouse gas emissions attributable to farming:

(Here farming is meant as terrestrial agriculture for food production, thus excluding fisheries, aquaculture and non-
food products)

[16] states food production and consumption accounts for 26% of global GHG emissions, detailed further in
the following breakdown: 24% land use (8% for human food, 16% for livestock); 27% crop production; 30%
livestock & fish farms (+1% wild fisheries); 18% supply chain.This equates to around 20% of global GHG
emissions when excluding post-farming supply chain and fisheries-related emissions.

[17] From the original abstract: “In 2015, food-system emissions amounted to 18 Gt CO, equivalent per year
globally, representing 34% of total GHG emissions. The largest contribution came from agriculture and land
use/land-use change activities (71%), with the remaining from supply chain activities: retail, transport,
consumption, fuel production, waste management, industrial processes and packaging”.

OurWorldinData offers explanation of differences between estimates from [16] & [17]:[17] allocates all global
deforestation (and attributed CO,) to agriculture, while acknowledging only 80% of deforestation is actually
agriculturally driven (the rest being urban expansion). This brings their estimate down closer to 23.5% of
GHG emissions before supply chain, when excluding urban expansion but including fisheries-related
emissions and some non-food related products. [16] provides a separate estimate for non-food agricultural
products, which together would bring their total up from 26 to 33%.

[18] In 2017, the percentage contribution of agriculture to world CO,eq emissions from all human activities
was 20%, equating to 11.1 Gt CO,eq yr . This included 6.1 Gt CO,eq yr (11%) from crop and livestock
activities from farming and 5.0 Gt CO,eqyr (9%) from agricultural land use, largely due to deforestation and
peatland degradation.

[19] Agri-food systems accounted for 29.7% of the 53.5 Gt CO,eq released in 2022. Farming and related land
use change accounted for 48% and 19% of this faction respectively, amounting to 19.9% of global GHG
emissions.

[25-28] Total global cropland area (as percentage of all land on Earth):
[26] 2% of all land on Earth - specifically cropland, out of all agricultural land (37%) (2021).

[25] presents 14% of all ice-free land on Earth (2014), while [27] presents 12% of all ice-free land on Earth
(2008) — possibly out of date.

[28] cites from 2007, 12% of all lands excluding Greenland and Antarctica.

[60-70] Vertical farming businesses — currently operational (2025) versus recent bankruptcies:

It is worth acknowledging that several vertical farm enterprises and business ventures have collapsed in recent years,
and how those referenced here will fare in the coming years is unknown. Commentary has pinpointed prevailing
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reasons for these failures, highlighting attempts to scale too rapidly or to adopt and showcase advanced, high-cost
technologies before establishing core operational stability and economic viability, prioritising innovation over basic
agricultural and financial fundamentals.

Common challenges included high energy demands, narrow crop selection, overestimated yields, and
underdeveloped business strategies. Many of these farms focused on technological sophistication at the expense of
simplicity, efficiency, and market fit.

However, it is stressed that these failures should not be interpreted as evidence against the viability of vertical
farming as a whole. Rather, they represent early-stage setbacks in an emerging field. Vertical farming remains a
promising tool for enhancing climate resilience and food security, particularly in urban environments and regions
facing land or water constraints. The lessons from early missteps provide an opportunity to learn and valuable
insights to guide more pragmatic and sustainable approaches in future development.

See Further Videos ‘Lessons to be learned’ for example commentaries.

[78-81] Emissions reduction from avoided food-miles:

Recent global studies estimate that food-miles account for about 19% of total food-system emissions, or roughly 3
Gt COzeq annually 72!, Transport emissions are especially high for perishable, often-imported goods like fruits and
vegetables, where freight emissions can even exceed production emissions.

While earlier U.S.-focused studies 8" found that transportation contributes only 11% of food-related emissions (with
most emissions from production), newer global assessments indicate that international trade plays a larger role than
previously believed, especially in affluent, import-heavy nations.

However, a complete shift to fully local food systems isn't feasible everywhere: only 11-28% of the global population
can fulfil demand for specific crops by sourcing within a 100 km radius, while over a quarter rely on food that must
be transported more than 1,000 km 891, Still, this equates to a substantial volume of avoidable emissions. While global
trade remains essential for food security, particularly in less self-sufficient regions, increasing the share of locally-
produced food—growing more closer to where it's consumed, especially in wealthy countries—could avoid
hundreds of megatons of CO, and make food systems more resilient.

[85-88] Comparison between tradition and vertical farming of lettuces:

Estimated density and frequency of lettuce harvest under traditional field cultivation is based on agronomic
guidelines (average field spacing recommendations) for common lettuce types (leaf, butterhead and romaine):

Row spacing typically ranges from 40-80 inches per bed, with 2—6 seedlines, yielding average row spacings
of approximately 37-50 cm.

In-row spacing varies by variety, ranging from 23-30cm for full-sized heads to 13-15cm for romaine hearts.
These configurations yield densities of approximately 6.9-9.7 plants/m? for standard lettuce types and 14—
19.6 plants/m? for romaine hearts.

Lettuce is typically harvested once every 3.5-4 months, depending on climate and variety, and does not allow for
stacking or frequent replanting. However, harvests aren't consistent throughout the year — sometimes they only take
~2-2.5 months growing time in warm conditions (65-80 days when planted in summer, up to 130 days when planted
in winter/early spring).

We opted for ~9 plants per square metre per 4 months as a conservative, mid-range benchmark for traditional
farming systems. By contrast, vertical farming systems can achieve substantially higher productivity through vertical
stacking (e.g. 10 or more tiers) and faster crop turnover (e.g. 18—30-day cycles), enabling yields of 600+ plants/m?
over a comparable 4-month period.

This scale of yield is generally supported by other figures quoted across scientific literature 82-8% (additional industry
claims may be found online). Jin et al. (2022)" reported that each layer of vertically farmed lettuce could produce
annual yields of 700kg per m? under optimal light regimes (several hundred heads per m? over a few months,
depending on crop cycle and head size). Meanwhile, a new approach described by Ptak, Wasierko & Makula (2024)?
achieved a reported yield equivalent to 597 heads per m®in a rotating vertical farm system. Beyond efficient use of
space, these examples highlight opportunities of vertical farms for further improvements in yield through greater
light use efficiency. Continuous light was shown to drive near-constant photosynthesis, balanced against increased
energy demand and risks of photoinhibition, heat stress and disruption of circadian processes in plants*. In contrast,
multi-chamber light/dark regimes allow each crop layer to receive sufficient daily light while conserving resources
and reducing operational costs and stress on plants and equipment. Such approaches show promise in reducing
energy demand while retaining the yield advantages of vertical farming.
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Additional References:

A Light use efficiency of lettuce cultivation in vertical farms compared with greenhouse and field | Food and Energy
Security

8 A New Approach to Vertical Plant Cultivation Maximises Crop Efficiency | Sustainability

[121-123] Agricultural benefits to humanity:

While ‘agricultural development has improved human lives for the better—enabling population growth, food
surpluses, and technological advancement—it's worth acknowledging the broader health and social consequences
of sedentary civilization that followed. These include reduced dietary diversity compared to forager diets, increased
transmission of infectious diseases due to higher population density and proximity to domesticated animals, social
stratification, and heightened risk of organized conflict. These outcomes are not inherent to agriculture itself, but
rather to the societal structures that emerged alongside permanent settlement.
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