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“A London warehouse will be converted into a salad, herb and
fish farm, and will produce 200,000 bags of salad a year”

2015, Fresh Produce Journal
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Indoor Farming Technology Market, by Region (USD million)
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Population= people who eat!

e World population growth, 1750-2100
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Annual growth rate of the world population
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Data sources: Up to 2015 OurWorldinData series based on UN and HYDE. Projections for 2015 to 2100: UN Population Division (2015) - Medium Variant.
The data visualization is taken from OurWorldinData.ora. There vou find the raw data and more visualizations on this topic. Licensed under CC-BY-SA bv the author Max Roser,
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Feeding the Future: Not Enough Land

Growing food and raising livestock for 6.8 billion people require land equal in size to
South America. By 2050 another Brazil's worth of area will be needed, using traditional
farming; that much arable land does not exist.

~ Present

i

6.8 billion people

Uses cropland
the size of South America

~ 2050

Q“Qwﬁ“ Would require added “Third of Earth's soil is acutely

9.5 billion people cropland the size of Brazil e, M TR L o B S o T
“degraded-due to agriculture”

© 2009 SCIENTIFIC AMERICAN, INC.
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Cost of photonic technology










Powering the planet: Chemical challenges in solar

energy utilization

Nathan S. Lewis**' and Daniel G. Nocerat*

*Division of Chemistry and Chemical Engineering, California Institute of Technology, Pasadena, CA 91125; and
*Department of Chemistry, Massachusetts Institute of Technology, Cambridge, MA 02139-4307

Table 1. World energy statistics and projections

2100%

Quantity Definition Units 2001* 20507

N Population B persons 6.145 9.4 104

GDP GDPS T $iyr 46 1407 284!

GDP/N Per capita GDP $/(person-yr) 7,470 14,850 27,320
WHSTYT 0r25% 0720 :

l E Energy consumption rate ™ 13.5 27.6 43.0 I
¥ ‘ g€ (W-yr) 849 048 0=34
¢ Carbon emission rate GtC/yr 6.57 11.0 13.3
C Equivalent CO; emission rate GtCO,/yr 24.07 40.3 48.8

*E = (403.9 Quads/yr)}{(33.4 GWyr/Quad)(10-3 TW/GW) = 13.5 TW; and € = (24.072 GtCO,/yr)-(12/44 GtC/

GtCO,) = 6.565 GtC (adapted from ref. 1).

'E = (869 EJ/yr)-(10° TJ/EJ)/(60-60-24-365 s/yr) = 27.5 TW [adapted from ref. 2 (Scenario B2), pp. 48-55].
*E = (1,357 EJ/yr)-(106 TJ/EJ)/(60-60-24-365 s/yr) = 43.0 TW [adapted from ref. 2 (Scenario B2), pp. 48-55].
SAllin year 2000 U.S. dollars, using the inflation-adjusted conversions: $,000 = 1/0.81590 $1990 (adapted from ref.

1), and 'purchasing power parity’ exchange rates.

in year 2000 U.S. dollars: “ 13.9 T$|ggo)'(1 /0.81590 $2omf$1ggo) = 139.6 T$2uoo.
lin year 2000 U.S. dollars: (231.8 T$1990)(1/0.81590 $2000/$1990) = 284.1 T$2000.

PNAS | October 24,2006 | vol. 103 | no.43 | 15729-15735
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Price of a solar panel per watt
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Solar module cost drops by
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Energy Policy 123 (2018) 700-710

Contents lists available at ScienceDirect

Energy Policy

ELE\/[E journal homepage: www.elsevier.com/locate/enpol
Evaluating the causes of cost reduction in photovoltaic modules K )
Goksin Kavlak®, James McNerney”, Jessika E. Trancik®"* =

# Institure for Data, Systems and Society, Massachusets Institute of Technology, Cambridee, MA, USA
b Santa Fe Institute, Santa Fe, NM, USA
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Module cost $
Cim = z : ¢m1pi +
module
m i£c,w
Cell cost e
glass, frame, backsheet, elecfricity, O&M, labor, non— CEH deUIE EUSIS
junction box, cable depreciation




Why are solar panels (modules) dropping in price??

“low level”

“nigh level”

1980-2001 2001-2012 Overall (1980-2012)

A Efficiency

ANon-Si materials costs
A Silicon price

A Silicon usage

A Wafer area

A Plant size

A Yield
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Advances in solar energy technology

Cost of solar energy \ A,y




M. Desstrrsgu il ©



The Price for Lighting (per million lumen-hours) in the UK in British Pound
1 lumen hour is equal to the luminous energy emitted in 1 hour by a light source emitting a luminous flux of 1

lumen. For comparison: a standard 100W incandescent light bulb emits £1700 lumen.
LINEAR
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£30,000
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£10,000
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£0 £2.89
1301 1400 1500 1600 1700 1800 1900 2006

Source: Fouquet and Pearson (2012) OurWorldinData.org/light/ - CC BY
Note: The price is adjusted for inflation and expressed in prices for the year 2000. Shown is a 5-year moving average.




Consumption of lighting from candles, gas, kerosene and electricity in the United Kingdom (in
billion lumen-hours), 1700-2000 — Fouquet and Pearson (2007)
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https://ourworldindata.org/light



Share of the population with access to electricity, 2016 https://ourworidindata.org/light

Data represents electricity access at the household level, that is, the number of people who have electricity in their
home. It comprises electricity sold commercially, both on-grid and off-grid.

0% 20% 40% 60% 80% 100%
Nodata = 10% | 30% 50% 70% 90%
|

Source: The World Bank OurWorldInData.org/energy-production-and-changing-energy-sources/ « CC BY



Advances in solar energy technology
Cost of solar energy Advances in artificial lighting technology
R Cost of artificial lighting
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‘@ https://www.plenty.ag/purpose/ Home Purpose JoinUs Press Blog

We build our farms next to
where people live, so our
produce is grown a short drive
from your local store.
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‘@ https://www.plenty.ag/purpose/ Home Purpose JoinUs Press Blog

We grow without pesticides or
herbicides, and our food is non-
GMO.
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Home Purpose JoinUs Press Blog

We farm indoors and give our
plants everything they need to

grow vertical walls of beautiful
produce.,

12:44 AM
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‘@ https://www.plenty.ag/purpose/ Home Purpose JoinUs Press Blog

Join the movement to bring
everyone healthier, fresher
produce in a way that’s better
for our planet.

12:45 AM



Sundrop Farms
“Australian desert farm grows 17,000 metric tons of vegetables with just
seawater and sun *

https://inhabitat.com/australian-desert-farm-grows-17000-metric-tons-of-vegetables-with-just-seawater-and-sun/?variation=c
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Sundrop Farms

Concentrated solar power - heating, desalination (fresh water), electricity
Seawater - desalinated (solar) - plants + brine
39 MW peak power
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https://inhabitat.com/australian-desert-farm-grows-17000-metric-tons-of-vegetables-with-just-seawater-and-sun/?variation=c
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Smart Floating Farms by Forward Thinking Architecture

Smarl Floating Farms (5rF

SYSTEM LAYERS: WHAT ARE WE PROPOSING?

EQUATION -:¢):- + ’ + e = m{? /

THE SMART FLOATING FARMS INTEGRATE PHOTOVOLTAICS ,SOLAR FARMING AREAS, HYDROPONICS-GREEN GROWING
EXISTING RACKS, CONTROLLED FISH FARMING AND IT TECHNOLOGIES IN ORDER TO REDUCE FOOD PRESSURE.ALL
SYSTEMS ARE 100% COMPATIBLE AND ABLE TO BE INTEGRATED IN 1 SFF MODULE
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[PROBLEM]

Feeding the Future: Not Enough Land

Growing foed and raising livestock for 6.8 billion people require land equal in size to
South America. By 2050 another Brazil's worth of area will be needed, using traditional
farming; that much arable land does not exist.

Present

-]

6.8 billion people

Uses cropland
the size of South America

2050

T -

9.5 billion people

Would require added
cropland the size of Brazil
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Price history of silicon PV cells
| in US$ per watt
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Source: Bloomberg Mew Energy Finance & pv.energytrend.com
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