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Feeding the human species

* Historically, societal progress has been closely
correlated with the ability of humans to acquire
food in sufficient amounts (capacity) with as little
physical/financial effort as possible (efficiency).

— Domestication of plants and animals.

— Refrigeration, pasteurization, packaging.
— Industrial nitrogen fixation.

— Motorized agricultural machinery.

— Agricultural pesticides.
— Genetic engineering of crops and production animals.



Population, 1875 to 2021

Our World
inData
World

7 billion
6 billion
5 billion
4 billion
3 billion
2 billion

1 billion

1875 1900 1920 1940 1960 1980 2000 2021

Data source: HYDE (2017); Gapminder (2022); UN (2022)

OurWorldinData.org/population-growth | CC BY
Note: Historical country data is shown based on today's geographical borders.

GLOBAL AVERAGE SURFACE TEMPERATURE

1.0

0.8
O 06
k3
S 04
[
3
S 02 |
3 |||‘| |
- LA I||||||.|I |
g
g -0.2
@
S 04
L
£ .06
o

08

10

1880 1900 1920 1940 1960 1980 2000 2020

Years

ourworldindata.org

climate.gov




] ] Capacity to provide the
ReS|stan.ce to sudo.len PrOductlve entire human population
destructive events: with sufficient calories

extreme weqther , and essential nutrients.
armed conflict ' N "

volcanic super-eruption
solar storm

meteorite impact

alien invasion...

Resilient ™ "N & -~ & ¢ Ethical
: SRR A WU animal welfare

equal access to
affordable, safe
and nutritious
food
land ownership
workers rights
food technology

Does not impair our future 5 IP

ability to produce food.

Minimal impact on the SUStainable

natural environment.




300

Total consumption
(million tons)
N
8
|

—
(=]
o

I North America
Oceania
E Europe
Latin America
Bl Asia
0 Africa

o
—_
w
o

Yl

100

50 -

Type of meat (million tons)

Mutton and goat

Bovine

! L | 1] 0 ! ! I ! | Other
1961 1970 1980 1990 2000 2010 2018 1961 1970 1980 1990 2000 2010 2018
Year Year
125 £ T T T T T ]
F
— . 100} =g il .
2|
c
&6 75F 2
S8
oE
S 3 sof Latin America World average —
= O - - - - -
g 8 ---a'--—‘_---—-
g )[/"_" _
Africa
—
o LI 1 | | | ] |
1961 1970 1980 1990 2000 2010 2018
Year

h. Parlasca MC, Qaim M. 2022
A @ Annu. Rev. Resour. Econ. 14:17-41



What is food?

EDIBLE BIOMASS

Must be digestible.

Excludes abundant and
potentially nutritious biomass
consisting of e.g. cellulose,
hemicellulose, pectin, chitin.

Must be non-toxic.

Excludes otherwise nutritious and
digestible biomass (poisonous
mushrooms, berries, tubers etc).

Must be able to provide calories
and essential nutrients.

« carbohydrates
e protein
 lipids (fats)
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(Adapted from Linder, 2023, ACS Food Science & Technology, vol. 3, pp. 1144—1152)
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(Adapted from Linder, 2023, ACS Food Science & Technology, vol. 3, pp. 1144—1152)
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(Adapted from Linder, 2023, ACS Food Science & Technology, vol. 3, pp. 1144—1152)
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Heterologous production
(“precision fermentation”)

Edible microbial biomass

* Bulk cellular protein
(“single-cell protein”, SCP) « Recombinant animal protein,

e.g. casein, B-lactoglobulin,

* Bulk cellular lipids gelatin, ovalbumin

(“single-cell oil”’, SCO)
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(Adapted from Linder, 2023, ACS Food Science & Technology, vol. 3, pp. 1144-1152)



plant
photosynthesis

Plant biomass

accessible recalcitrant
carbohydrates carbohydrates
(sucrose, starch etc.) (cellulose etc.)

enzymatic
depolymerization

heterotrophic
growth

(Adapted from Linder, 2023, ACS Food Science & Technology, vol. 3, pp. 1144-1152)



Qir™"" ((, arkeon #% SOLAR FOODS

n@venutrients

CcO

/

chemosynthetic
growth

“food from thin air”

(Adapted from Linder, 2023, ACS Food Science & Technology, vol. 3, pp. 1144—1152)
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Implications

* Global food production capacity is longer limited by
access to arable land if we chose to use non-agricultural
/photosynthesis-independent feedstocks.

* The geographical footprint of global food production
can be shrunk significantly if we chose to use non-
agricultural/photosynthesis-independent feedstocks.

* Global food production capacity is longer dependent on
favorable climate conditions if we chose to use non-
agricultural/photosynthesis-independent feedstocks.

Stay off the sugar!
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(From Leger et al., 2021, Proceedings of the National Academies of Sciences of the United States of America, vol. 118, article no. €2015025118)



Some of the issues ahead

Consumer adoption (how fast, what degree of
replacement) vs. global bioreactor capacity.

— Mandating microbial feed for (mainly monogastric)
animals as a stopgap measure to decrease impact of
meat consumption?

Sustainability and resilience of carbon and
nitrogen feedstocks for microbial food production.

— Improving CO, capture and conversion technologies,
renewable ammonia synthesis.

Food sovereignity vs. food technology IP.



If you want to know more (about what | think)...

e Linder, T. (2023) Beyond agriculture — How micro-
organisms can revolutionize global food production.
ACS Food Science & Technology, vol. 3, pp. 1144-1152.

e Linder, T. (2023) Fulfilling the promises of fermentation-
derived foods. GEN Biotechnology, vol. 2, pp. 188—-196.



