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Microbial protein: an efficient alternative to conventional agriculture
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« The global food system accounts for ~33% of annual
greenhouse gas (GHG) emissions.

«  >70% of these emissions stem from land use and land use
change (LULUC).

* Food production processes are far less efficient than other
industrial sectors, e.g., industrial chemicals.

Crippa et al., Nature Food (2021); Uekert , Bleem et al., submitted
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Waste-derived microbial protein: a sustainable alternative to conventional agriculture

»  Cultivation of microbial protein (MP) may offer a more efficient, environmentally compatible, and reliable solution
than conventional agriculture.

» Commercial MP processes today mostly rely on glucose and ammonia, limiting their potential.

A 100 ; B ; C 100,
2T b ] l 10 § E o
=) 1 ] E
E =~ 10 A % A;' 10 : . 3’7\ 1 ¥ !
g3 8 S o ] o E
8 sg ' 52 01 8
%8 1 ' gg 0.1 3 o ‘;"é 0.01 3
o2 ] i o E 001 0.001 ; °
0 0.001 ° 0.0001 1
Meat Pulses MP Meat Pulses MP Meat Pulses MP
D 100% E 100% F 30
| ] o
80% - 8 € 80%- @ 25 1
(4] J
25 o ] ° g o 8 ~20 ]
C 2 60% - o S B 60% - S 7T ]
oXe 1 8 c o o G215 o
OE 40% 1 o 8 < > 40% - o Cev 1
% @ EIN) ‘ 53 ] ° = 10 - i
20% A & 20% - ]
| ‘ ) o 51 o) I
0% 0% 0

Meat Pulses MP Meat Pulses MP Meat Pulses MP

Individual data points were sourced from the literature.
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Our goal: lab-scale demonstration of MP production from waste
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Waste carbon feedstocks are

available for microbial protein
production in the U.S.

Uekert , Bleem et al., submitted
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Some waste feedstocks offer environmental benefits

* Leveraging solid waste streams can reduce the GHG emissions, land use, and water use of microbial protein by
2-10x, 500-1500x, and 10-100x relative to a conventional glucose feedstock.

*  Global warming impacts from CO, waste streams remain high predominantly due to electricity demand.

A Global warming B Land use Cc Water use
(kg CO, eq kg MP-") (m2a eq kg MP-1) (m*kg MP~T)
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*VFAs = volatile fatty acids
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Some hosts offer nutritional benefits
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Looking forward to overcome microbial protein production challenges

*  Multi-prong approach combining metabolic engineering of bacterial strains for waste use and better protein
production, bioprocess engineering for lab-scale demonstrations, and analysis for economically viable and
sustainable innovation
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Thank you! Questions?

taylor.uekert@nrel.gov

This work was authored by the National Renewable Energy Laboratory, operated by
Alliance for Sustainable Energy, LLC, for the U.S. Department of Energy (DOE) under
Contract No. DE-AC36-08G028308. The views expressed in the article do not necessarily
represent the views of the DOE or the U.S. Government. The U.S. Government retains and
the publisher, by accepting the article for publication, acknowledges that the U.S.
Government retains a nonexclusive, paid-up, irrevocable, worldwide license to publish or
reproduce the published form of this work, or allow others to do so, for U.S. Government
purposes.
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