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What is an “end-product” improvement?

• Better product attributes
• Better taste 
• Better price
• Better nutritional attributes
• Better sustainability metrics

• GHG

• Land Use 

• Water

• Industrial Energy Use
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Alternative meats: two distinct products

https://www.atkearney.com/retail/article/?/a/how-will-cultured-meat-and-meat-alternatives-disrupt-the-agricultural-and-food-industry

Vegan meat substitutes

“in-vitro” or “cultured” meat

Cellular Agriculture Additives:
There are often also proteins and other 
compounds synthesized by recombinant yeast, 
fungi or bacteria grown in culture; these 
products include milk and egg proteins, 
gelatin, fatty acids, & vitamins like B12 that are 
harvested and added to the final product
e.g. soy leghemoglobin in Impossible Burger

EMBO Rep, Volume: 20, Issue: 1, First published: 14 December 2018, DOI: (10.15252/embr.201847395) 

e.g.  Impossible Burger - soy
Beyond Burger - pea
JUST – yellow pea, mung bean



https://www.atkearney.com/retail/article/?/a/how-will-cultured-meat-and-meat-alternatives-disrupt-the-agricultural-and-food-industry

e.g.  Impossible Burger - soy
Beyond Burger - pea
JUST – mung bean

e.g.  Memphis Meats
New Age Meats

Vegan meat substitutes 

“in-vitro” or “cultured” or “cell-based” meat

Alternative meats: two distinct product types



According to a 2019 ATKearney report: 
“Novel vegan meat replacements and cultured meat have the 

potential to disrupt the meat industry”

https://www.atkearney.com/retail/article/?/a/how-will-cultured-meat-and-meat-alternatives-disrupt-the-agricultural-and-food-industry

By 2040 
“only 40% of global 
meat consumption 
will still come from 
conventional meat 

sources”



The meat replacement industry is attractive for venture $

https://www.atkearney.com/retail/article/?/a/how-will-cultured-meat-and-meat-alternatives-disrupt-the-agricultural-and-food-industry



Who’s Investing? 

Bill Gates ($105.4 billion) Richard Branson ($3.8 billion) Li Ka-shing ($29.4 billion)     Leo DiCaprio ($235 million) 

Sergey Brin ($53.8 billion) Henry Soesanto (? net worth)   Tyson Foods, Cargill, Horizons Ventures, New Harvest



According to The Good Food Institute (who are “laser focused on using 
markets and food technology to transform our food system away from factory farmed 

animal products and toward clean meat and plant-based alternatives” )



https://www.atkearney.com/retail/article/?/a/how-will-cultured-meat-and-meat-alternatives-disrupt-the-agricultural-and-food-industry

Compound Annual 
Growth Rate

According to the 2019 ATKearney report
“Novel vegan meat replacements and cultured meat have the potential to disrupt the meat industry”



Egg, beef, pork, chicken, fish and milk production 
since 1980 and projected to 2050 

(FAO 2018; Alexandratos and Bruinsma, 2012).
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1751 MMT

402



So doing the simple math, and assuming that only the 402 MMT of land-based meat production 
is replaced with “quarter pounders” of the alternative source 

that would be [(.25 x 402 MMT) X (1,000,000,000/0.1133981)] =

886,258,235,367 plant-based quarter pounders 
(Eight hundred and eighty-six billion, two hundred and fifty-eight million, 

two hundred and thirty-five thousand, three hundred and sixty-seven) 

and for the cultured meat the calculation is (.35 x 402 MMT)X(1,000,000,000/0.1133981)] =

1,240,761,529,514 cultured meat quarter pounders 
(One trillion, two hundred forty billion, seven hundred and sixty-one million, 

five hundred and twenty-nine thousand, five hundred and fourteen) 

by 2040 (~ 20 years)

If by 2040 cultured meat will be 35% and vegan meat 
replacements will be 25% of global meat production then



Are there data available to make an evidence-based 
assessment of end-product improvement? 

Attribute Meat Vegan Meat 
Replacements

Cultured 
Meat

US production (lbs/yr) 105 billion (99.8%) 200 million (0.2%) 0

Nutrition Yes Yes ?

Price Yes Yes ?

Taste Personal preference Personal preference ?

Sustainability Metrics Yes Yes ?



Living cells in the bioreactor must be provided with nutrients in a suitable 
growth medium containing food-grade components that must be 
effective and efficient in supporting and promoting muscle cell growth 

A typical growth medium contains 
• an energy source such as glucose 
• synthetic amino acids 
• fetal bovine serum 
• horse serum
• antibiotics

If cultured meat is to match or exceed the nutritional value of conventional 
meat products, nutrients found in meat not synthesized by muscle cells must 
be supplied as supplements in the culture medium. 

• Essential amino acids
• Vitamin B12

• Iron
• Micronutrients Van Eenennaam 6/11/2020

Fermentation/Culture 



Jerusalem Post Hi tech news 10/10/2019
ISRAELI START-UP TO BUILD WORLD’S FIRST LAB-GROWN MEAT 

PRODUCTION FACILITY

Future Meat Technologies EVP R&D Dr. Moria Shimoni, founder and chief scientist 
Prof. Yaakov Nahmias, and CEO Rom Kshuk. (photo credit: DUDI MOSKOVITZ)

Jerusalem biotechnology company 
Future Meat Technologies has 
announced it will establish the 
world’s “first cultured meat pilot 
production facility,” producing GMO-
free meat cultivated directly from 
animal cells on a commercial scale.

The company plans to establish the 
facility south of Tel Aviv and begin 
operations next year. The expansion 
of research and development efforts 
come after the start-up secured $14 
million in a Series A funding round.

https://www.jpost.com//Jpost-Tech/Israeli-start-up-to-build-
worlds-first-lab-grown-meat-production-facility-604184

https://www.jpost.com/Jpost-Tech/Israeli-start-up-to-build-worlds-first-lab-grown-meat-production-facility-604184


Jerusalem Post Hi tech news 10/10/2019
ISRAELI START-UP TO BUILD WORLD’S FIRST LAB-GROWN MEAT 

PRODUCTION FACILITY

This picture from the article had no caption…..is it lab-grown meat or chicken?

The company says its laboratory-
based manufacturing model results 
in 99% less land use and 80% fewer 
greenhouse emissions that 
traditionally produced meat.  The 
company plans to introduce hybrid 
products into the market, combining 
plant proteins for texture with 
cultured fats to create the aroma 
and flavor of meat. 
While existing costs are $150 per pound 
of chicken and $200 per pound of beef, 
it aims to market its hybrid products at a 
“competitive cost level” from its pilot 
production facility by 2021.

https://www.jpost.com//Jpost-Tech/Israeli-start-up-to-build-
worlds-first-lab-grown-meat-production-facility-604184

https://www.jpost.com/Jpost-Tech/Israeli-start-up-to-build-worlds-first-lab-grown-meat-production-facility-604184


Jerusalem Post Hi tech news 10/10/2019
ISRAELI START-UP TO BUILD WORLD’S FIRST LAB-GROWN MEAT 

PRODUCTION FACILITY

The company’s manufacturing process, during which fibroblast cells double in mass every 24 
hours, enables the production of cell-grown chicken, lamb and beef within only two weeks.

The funding was led by Chicago-based venture capital firm S2G Ventures, a leading backer of 
successful meat substitute developer Beyond Meat, and Swiss venture capital firm Emerald 
Technology Ventures. They were joined by investors Henry Soesanto, the CEO of Philippine-based 
food manufacturer Monde Nissin; UK-based venture capital firm Manta Ray Ventures; and Chinese
food and agriculture technology venture capitalist firm Bits x Bites.

“With this investment, we’re thrilled to bring cultured meat 
from the lab to the factory floor and begin working with our 
industrial partners to bring our product to market,” 
said Future Meat Technologies CEO Rom Kshuk. 

https://www.jpost.com//Jpost-Tech/Israeli-start-up-to-build-worlds-first-lab-grown-meat-production-facility-604184

https://www.jpost.com/Jpost-Tech/Israeli-start-up-to-build-worlds-first-lab-grown-meat-production-facility-604184


In 2013, Dutch Professor Mark Post unveiled the world’s first slaughter-free 

hamburger to a packed press conference in London. It was the result of 

years of research at Maastricht University, and cost $335,000 to make. 

The effort was funded by Sergey Brin, the co-founder of Google.



CH4
Self-propelling,
self-cleaning, 
solar-powered, 
cellulose-driven 
bioreactor
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According to a 2019 RethinkX report: 
“Fermentation farms will be the new food farms”. There will be job 
opportunities engineering, designing, building, & operating them.

RethinkX+Food+and+Agriculture+Report.pdf  (September 2019) https://www.rethinkx.com/food-and-agriculture

By 2030 
“70% of all beef 
consumed will 

come from modern 
production 
methods” 

(i.e. not cows)
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https://www.rethinkx.com/food-and-agriculture


Is 10% of meat production coming from 
alternative meat sources? NO

https://www.linkedin.com/pulse/why-plant-based-meat-hasnt-stopped-climate-change-yet-lagally/

“In the United States, we produce more than 105 
billion pounds of animal meat each year. Best 

estimates of U.S. plant-based meat production 
hovers just around 200 million lbs per year. 

That’s a fifth of one percent (0.2%) of the total U.S. 
meat production by volume*.”

Van Eenennaam 6/11/2020

*Because plant-based is 4-5 fold more expensive that meat, it is ~ 1% of sales but only 0.2% of weight sold 

https://www.linkedin.com/pulse/why-plant-based-meat-hasnt-stopped-climate-change-yet-lagally/




There are many brands of meat alternatives

Van Eenennaam 6/11/2020

Morningstar Farms is a division of 
the Kellogg Company that produces 
vegetarian food.



“Plant-based meat dollar sales growth has consistently 
outperformed animal-based meat dollar sales growth” 
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https://www.gfi.org/images/uploads/2020/05/GFI-Covid-19andthePlantBasedMarket.pdf

Approximate Annual Production (US) 
200 million lbs plant-based meat

105,000 million lbs animal-based meat

$100 million

$5,000 million

https://www.gfi.org/images/uploads/2020/05/GFI-Covid-19andthePlantBasedMarket.pdf


“US ground beef sales up $1 billion in 2020” 
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https://www.agweb.com/article/us-ground-beef-sales-1-billion-2020

“Year-to-date through May 17 (2020), 
meat department dollar sales were up 
24.8%, boasting double-digit growth for 
ten weeks running. This reflects an 
additional $5.5 billion sold versus the 
same time period in 2019. 

Year-to-date volume sales through May 
17 were up 18.0% over the same period in 
2019, reflecting an additional 7.6 billion 
pounds of meat and poultry sold versus 
the same time period in 2019.”

https://www.agweb.com/article/us-ground-beef-sales-1-billion-2020


Plant-based meat share has dropped slightly due to 
absolute gains in animal-based meat dollar sales

Van Eenennaam 6/11/2020
https://www.gfi.org/images/uploads/2020/05/GFI-Covid-19andthePlantBasedMarket.pdf

https://www.gfi.org/images/uploads/2020/05/GFI-Covid-19andthePlantBasedMarket.pdf
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https://kbaked.com/2020/01/06/is-beyond-meat-healthy-is-impossible-meat-healthy-is-that-even-the-point/

$8.99/lb
($.56/oz)

$12/lb
(0.75/oz)

$4-8/lb
(.25-0.5/oz)

Are there data available to make an evidence-based 
assessment of end-product improvement? PRICE

https://kbaked.com/2020/01/06/is-beyond-meat-healthy-is-impossible-meat-healthy-is-that-even-the-point/


Are there data available to make an evidence-based 
assessment of end-product improvement? NUTRITION
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Van Eenennaam 6/11/2020https://www.consumerlab.com/answers/beyond-burger-vs-impossible-burger-vitamins-minerals-comparison/beyond-burger-impossible-burger/

Attribute
Beyond 

Burger

Impossible 

Burger

Beef Burger

(84% Lean)

Protein 20 g 19 g 21 g

Total Fat: 18 g 14 g 18

Saturated Fat 6 g 8 g 7 g**

Cholesterol: 0 mg 0 mg 78 mg

Total 

Carbohydrate
3 g 9 g 0 g

Dietary Fiber 2 g 3 g 0 g

Sugars 0 g <1 g 0 g

Minerals:

Copper ? ?
0.075 mg

(8%)

Calcium
104 mg*

(8% DV)

170 mg

(15%)

18 mg

(1%)

Iron
4.5 mg*

(25% DV)

4.2 mg

(25%)

2.33 mg

(13%)

Magnesium ? ?
20 mg

(5%)

Potassium
300 mg

(6%)

610 mg

(15%)

328 mg

(7%)

Phosphorus ?
180 mg

(15%)

191 mg

(15%)

Selenium ? ?
17.7 mcg

(32%)

Sodium
390 mg

(16%)

370

(16%)

75 mg

(3%)

Zinc ?
5.5 mg

(50%)

5 mg

(45%)

Attribute
Beyond 

Burger

Impossible 

Burger

Beef Burger

(84% Lean)

Vitamins:

Thiamin ?
28.3 mg

(2350%)

0.047 mg

(4%)

Riboflavin ?
0.4 mg

(30%)

0.071 mg

(5%)

Niacin ?
5.3 mg

(35%)

5.162 mg

(32%)

Pantothenic Acid ? ?
0.609 mg

(12%)

Vitamin B6 ?
0.4 mg

(25%)

0.386 mg

(23%)

Folate ?
115 mcg DFE

(30%)

7 mcg DFE

(2%)

Choline
?

?
68.1 mg

(12%)

Vitamin B12 ?
3 mcg

(130%)

2.45 mcg

(102%)

Nutritional attributes of Beyond Burger, Impossible Burger and Beef Burger (84% lean)

* Amount calculated from Daily Value listed on label.
** Based on fatty acids, which comprise roughly 90% of weight of fats.

https://www.consumerlab.com/answers/beyond-burger-vs-impossible-burger-vitamins-minerals-comparison/beyond-burger-impossible-burger/


Product

(Number of studies)
per kg product (not necessarily nutritionally equivalent)

Carbon Footprint (CO2-eq) Land use (m2) Energy Use (MJ) Reference

Beef (15) 9-129 7-420 (Nijdam et al., 2012)

30.6 62 Qantis*

30.5-33 92-113 78.6-92.6 (Mattick, 2018)

Mutton/lamb (4) 10-150 20-33 (Nijdam et al., 2012)

Milk (12) 1-2 1-2 (Nijdam et al., 2012)

Pigs (8) 4-11 8-15 (Nijdam et al., 2012)

9 Qantis* 

4.1-5 16-18 16-19.6 (Mattick, 2018)

Poultry (4) 2-6 5-8 (Nijdam et al., 2012)

6 Qantis* 

2.3 9.5 26.6 (Mattick, 2018)

Eggs (4) 2-6 4-7 (Nijdam et al., 2012)

Impossible Burger 3.5 2.5 Qantis*

Soybeans 2 Qantis*

Pulses (2) 1-2 3-8 (Nijdam et al., 2012)

Cultured Meat 

“anticipatory”
numbers

1.69     (19% protein) 0.2 26.64 (Tuomisto and Teixeira de Mattos, 2011)

24       (19% protein) .39-.77 290-373 (Smetana et al., 2015)

4-25      (7-19% protein) 2-8 50-359 (Mattick, 2018)

“Cultured meat is not prima facie climatically superior to cattle; 
its relative impact instead depends on the availability of decarbonized energy 

generation and the specific production systems that are realized.”

(Lynch and Pierrehumbert, 2019)

Are there data available to make an evidence-based 
assessment of end-product improvement? SUSTAINABILITY 

Van Eenennaam 6/11/2020*Quantis is a private company that develops sustainability metrics for  their clients https://quantis-intl.com/

https://quantis-intl.com/
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Tuomisto, Hanna L. "The eco‐friendly burger." EMBO 
reports 20.1 (2019).

The environmental impact of different protein 
sources: Greenhouse gas emissions
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Tuomisto, Hanna L. "The eco‐friendly burger." EMBO 
reports 20.1 (2019).

“Livestock production, especially extensive cattle 
grazing, maintains various habitats and species and 
is therefore beneficial for biodiversity. …..Thus, a 
complete elimination of all livestock production is 
not reasonable from the perspective of biodiversity 
conservation.

Another argument for the importance of livestock in 
sustainable agricultural systems is their role in 
nutrient recycling and the ability to utilize plants 
that humans cannot consume as food.”

The environmental impact of different protein 
sources: Land Use
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Tuomisto, Hanna L. "The eco‐friendly burger." EMBO 
reports 20.1 (2019).

The environmental impact of different protein 
sources: Energy Use



In the US, agricultural GHG emissions are more 
than offset by sequestration from the land sector

659

774

5,547

In 2018, U.S. greenhouse gas emissions 
totaled 6,677 million metric tons of 
carbon dioxide equivalents, or 5,903 
million metric tons of carbon dioxide 
equivalents after accounting for 
sequestration from the land sector. 

75.4% U.S. carbon dioxide emissions 
were from fossil fuel combustion

Sequestration from the land sector 774
million metric tons of carbon dioxide 
equivalents (12%) was greater than 
emissions from the agriculture sector 
659 million metric tons of carbon 
dioxide equivalents (10%).
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What will be the trade-offs associated with replacing 
agriculture with industrial food production?



According to RethinkX: “The best proxy for land that has no 
alternative productive use might be ranch land”

Van Eenennaam 6/11/2020

“by 2030, cattle 
pasture, rangeland, 
and feed cropland 
will decline by about 
50%. This means the 
disruption of the U.S. 
beef and dairy 
industries by modern 
production methods 
will free up about 
300 million acres of 
land by 2030, rising 
to 450 million acres 
by 2035.”

Food+and+Agriculture+Report.pdf  (September 2019) https://www.rethinkx.com/food-and-agriculture

What will be the impact of alternative meats?

https://www.rethinkx.com/food-and-agriculture


See you in the real world soon!

My laboratory receives public funding support from the National Institute 
of Food and Agriculture and the Biotechnology Risk Assessment Grant 
(BRAG) program, U.S. Department of Agriculture, under award numbers 
2017-33522-27097, 2018-67030-28360, and 2020-67015-31536.

Van Eenennaam 6/11/2020


