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EXECUTIVE SUMMARY
This report makes a comprehensive case for robust public investment in research and development for alternative proteins. It also provides a framework for how to spend these funds and
maximize their benefit for reducing the environmental and health costs of meat consumption.
Currently, the United States consumes more meat per capita than any other country in the
world. The American diet’s emphasis on meat contributes to greenhouse gas (GHG) emissions,
health problems, animal suffering, local pollution, and poor labor conditions.
In the past decade, however, the U.S. has seen a burgeoning alternative meat industry, including cultivated products from companies like Beyond Meat and Impossible Foods, Mosa Meat,
Memphis Meats, Blue Nalu, and Eat Just. Despite the industry’s growth, these products — still
more expensive than conventional meat and lacking diversity — have yet to meaningfully
reduce U.S. meat consumption.

Alternative Meats Mitigate Externalities Related to Animal Agriculture
With sufficient research and development (R&D) for new and improved products and production, the benefits for the environment, public health, and animal welfare could be enormous.
The externalities from animal agriculture, such as GHG emissions and health impacts, cost the
American public at least $388 billion per year. Replacing 45% of beef with plant-based alternatives could, for example, reduce U.S. GHG emissions from agriculture by around one sixth.
Substantial replacement would also reduce deaths associated with air pollution; overuse of
antibiotics by livestock producers; and rates of colorectal cancer, heart disease and other dietrelated issues.
To realize these benefits, the U.S. government should make sizable investments in alternative
meat R&D.

Public Investment in Alternative Meats Will Drive Economic Growth
With the help of the federal government, the U.S. alternative meat industry can be a driving force
for domestic economic growth by becoming an international leader in the fast-growing market
for alternative meats. According to Farm Animal Investment Risk and Return (FAIRR), projections
of future market share put alternative proteins — including milk and egg alternatives — between
16 and 62 percent of the global protein market by 2050.
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A $50 million federal investment would create more than 2,000 jobs and add nearly $1.5 billion
to the U.S. economy over 10 years. If the alternative meat market grows ten-fold by 2030, as some
posit it can, the industry could create nearly 200,000 jobs in the U.S.

The Federal Government is Uniquely Suited to Fund the Necessary Research
High-risk, pre-competitive, and multidisciplinary R&D is key to the alternative meat sector
overcoming its barriers to growth and widespread adoption. Such research often necessitates
public support.
For long-term growth, the cell- and plant-based meat industries must answer basic scientific
questions about cell biology, genomic sequencing of potential inputs, and techniques to improve
production processes.
Due to the multidisciplinary nature of the needed scientific research, alternative meat producers and researchers are hard-pressed to find capable collaborators and partners. This is an issue
the U.S. government has a proven track record of solving — a notable success story being the
Advanced Manufacturing Institutes created by the Obama administration.

How The Federal Government Should Invest
To ensure that plant-based and cultivated meat can be a real alternative to conventional animal
agriculture, we recommend that the federal government:
• F und and develop collaborative and multidisciplinary public-private partnerships
aimed at alternative meat R&D.
•E
 xpand existing R&D funding for alternative meat at agencies such as the Agricultural
Research Service, the National Institute of Food and Agriculture, and the National
Science Foundation.
•A
 pply a mission-oriented approach that targets innovations that could lead to price
reductions, cell-line identification, and the development of whole-cut meat alternatives.
Altogether, limiting the social, monetary, and ethical costs of animal agriculture and ensuring
American competitiveness in the growing global market for alternative meats requires largescale, organized public investment in plant-based and cultivated meats.
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INTRODUCTION
Currently, the United States consumes more meat, per capita than any other country in the
world.1 The American emphasis on meat is linked with greater GHG emissions, health impacts,
disregard for animal welfare, local pollution, and poor labor conditions.
Alternative meats, namely plant-based and cultivated meats, present a rare opportunity for
large-scale consumption shifts. Alternative meats are of two types. Plant-based meats, defined
for this report as meat alternatives that attempt to mimic meat without utilizing animal products, have already found success across the United States. On the other hand, cultivated meat —
alternatives to conventional meat that are composed of actual animal cells grown completely in
a cell-culturing facility — is a relatively new and emerging technology.
With animal agriculture responsible for GHG emissions, local pollution, widespread COVID-19
outbreaks at facilities, and the unethical treatment of billions of animals, alternative meats represent a real pathway towards a greener, cleaner, and friendlier food system. Yet, barriers remain
for technological growth, product taste and texture, cost parity, and production processes.
Federal investment in alternative meats could help firms overcome these barriers, mitigating
the externalities related to animal agriculture while also growing a nascent industry and benefiting the U.S. economy.
Currently, the federal government provides almost no funding for alternative meats R&D.2
Although the U.S. federal government has provided funding in the past — and recently, the NSF
even provided a $3.5 million grant to researchers at UC Davis to study cultivated meat production — alternative meat has been a mainly private venture.3
In this report, we make a comprehensive case for robust public investment in R&D for alternative
meats. We also provide a framework for how to spend these funds and maximize their benefit
for reducing the environmental and health costs of meat consumption.
In Section I, we outline the state of the plant-based and cultivated alternative meat industries
and why their continued growth requires further R&D. In the short term, we suggest that targeting fast food and institutional dining markets can drive adoption of meat alternatives by taking
advantage of existing and efficient supply chains. But increasing consumption of alternatives
— and subsequently reducing demand for animal-based meats — means that the industry must
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overcome barriers related to consumer acceptance, product taste and diversity, cost, production
capacity, and basic science. All of this requires significant research and development.
In Section II, we explain why the federal government should fund alternative meat R&D. First
and foremost, alternative meats provide a unique opportunity to mitigate the environmental,
social, and ethical costs of animal agriculture. Public investment could create a domestic
alternative meat industry capable of growing the U.S. economy by meeting rising demand from
international markets. The federal government is also best suited to fund the needed research.
Private investment is unlikely to be as effective because the plant-based and cultivated meat
industries are young industries, requiring high-risk research. Further, the research is multidisciplinary and collaborative, which can lead to the kind of “network failures”4 the federal government has successfully mitigated over several decades of research in technological innovation.
Finally, in Section III, we outline recommendations for federal investment to maximize its
impact. We argue the federal government should take three steps. First, invest in research and
commercial networks capable of improving the possibilities of collaboration and cooperation
between firms and researchers working on alternative meats. Second, appropriately fund agricultural and scientific research agencies — the Agricultural Research Service (ARS), the National
Institute of Food and Agriculture (NIFA), or the National Science Foundation (NSF) — and include
language in appropriations bills for these agencies that focuses funding on alternative meat
research topics. Lastly, utilize a mission-oriented R&D approach to reduce cost, develop new cell
lines, and identify methods for the creation and production of diverse and improved products.
We believe these steps could go a long way toward growing the alternative meat industry,
strengthening the U.S. economy, and reducing the environmental, ethical, and health impacts
of meat consumption.
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SECTION I: THE NEED FOR
R&D IN ALTERNATIVE MEAT
FOR INDUSTRY GROWTH

8

In the past decade, increasingly viable alternatives to animal protein products
have emerged. Companies like Beyond Meat and Impossible Foods have successfully
marketed their plant-based burgers, ground meat products, and plant-based sausages through grocery stores, restaurants, and fast-food chains. Even more recently,
firms like Mosa Meat, Memphis Meats, BlueNalu, and Future Meat Technologies
have made cultivated meat production a real possibility for the future.
The recent success of these firms is in large part due to private investment from
philanthropic organizations, individuals, and venture capitalists who see these
alternatives as vehicles to “disrupt” the meat industry. Although this initial
disruption has been well received by consumers interested in lowering their meat
consumption, alternative meats remain a small percentage of total U.S. protein
consumption. Despite launching high-profile and capital-backed products,
the alternative meat industry has not yet been able to reach price parity nor
produce diverse product lines, and thus provide a meaningful large-scale reduction
of U.S. meat consumption. To compete with animal protein, the industry needs
further R&D.

STATE OF THE INDUSTRY
Up to now, a few major players have dominated the U.S. plant-based alternative meat industry.
Recently, Beyond Meat and Impossible Foods have cracked into consumer and restaurant markets
with their novel plant-based burgers, sausages, and ground beef. Based in California with roots
in Silicon Valley start-up culture, both Beyond and Impossible exploded onto the scene as their
products found places at fast-food chains like Burger King and Dunkin’.
These plant-based meat alternatives have been a great success for fast-food chains. For example,
Burger King saw a 5 percent growth in sales in the third quarter of 2019, which they attributed
to the introduction and success of the Impossible Whopper. Dunkin’s same-store sales rose 2.8
percent in the fourth quarter of 2019 — their highest increase in six years — due mainly to the
introduction of Beyond Sausage Sandwich.5
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The success of these companies has been due to several factors, ranging from federal support to
entrepreneurial innovation and growing cultural awareness of meat’s environmental and ethical problems.
The growth of Beyond and Impossible has brought major investors into the field, pushing money to a bevy of startups aiming to get in on the newfound plant-based market.6 For example,
Beyond Meat received a massive $760 million IPO, sparking greater investor and corporate interest in alternative proteins.7 This success has also spurred existing meat-producing corporations
to enter the market, producing similar products in an attempt to maintain their role as protein
supplier.8 According to the Good Food Institute (GFI), the top five meat processing companies
have invested in plant-based meats, either through partnerships, financial investment, or the
development and launch of their own product lines.9
Unlike previous plant-based protein products, such as tofu or seitan, newer plant-based meats
utilize novel ingredients and processing methods that can match the nutritional and sensory
attributes of conventional meat products. Many of the recent entrants to the plant-based meat
category have embraced a diversification away from traditional soy and wheat alternatives and
towards pea proteins and other novel ingredients.
Like plant-based meat alternatives, the cultivated meat industry has grown at a staggering pace
over the past few years, from nonexistence in 2014 to currently more than 60 startup companies
and concerted efforts by major multinational companies in fields such as the life sciences.10
Yet, the industry is still in its early stages.
Memphis Meat recently raised $161 million for their pilot-scale facility and process development
efforts.11 BlueNalu, a cultivated seafood company, recently announced its own pilot production
plant, aiming to develop commercialization capabilities in the next two to three years.12 Further,
Future Meat Technologies in Israel is currently utilizing funding for the creation and development of a production facility. Future Meat aims to produce hybrid plant-based and cultivated
meat products by 2021 and have 100 percent cultivated meat products by 2022.13 Additionally,
in September 2020, Mosa Meat, the Dutch cultivated meat company, announced the closing of a
$55 million series B funding round.14
Although investment in cellular agriculture has come mainly from finance and equity firms
looking to take advantage of disruptions in food production, cultivated meat alternatives have
garnered investment interest from existing powers in the agriculture economy, including Tyson
Foods and Cargill.15
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Due to the rapid growth and investor interest in cultivated meat alternatives, the United States
Department of Agriculture (USDA) and the Food and Drug Administration (FDA) began charting a
regulatory path for cultivated meats in 2019, a necessary step towards commercial expansion.16

THE POTENTIAL FOR FURTHER GROWTH
Central to the promise of alternative meat is the idea that plant-based and cultivated products
can efficiently and effectively replace demand for conventional meat. This is especially important as demand for meat grows. Projections by market research firms are inconsistent but suggest a real potential for alternative meats to make up a large portion of the total meat market.
According to Farm Animal Investment Risk and Return (FAIRR), projections for alternative protein — including milk and egg alternatives — growth range from 16 to 62 percent market share
by 2050.17 In either case, alternative meat has other high-level options for reaching consumers
and increasing adoption: increasing penetration into fast-food markets and entering into institutional dining facilities.
Fast food has already proven to be a successful and efficient route for delivery of alternative
meat replacements to customers across the country. Broad marketing campaigns have introduced consumers to plant-based meat alternatives in products at Burger King, Dunkin’, Qdoba
Mexican Eats, and Starbucks. These early successes signal the opportunity for increased expansion into fast food and other limited-service restaurants — establishments where you pay ahead
of consumption, often designed for take-away.18
Fast food and limited-service restaurants prove to be great entry points for alternative meats
for a few reasons. First, these restaurants often use low-quality and heavily processed meat that
can be replaced by alternatives with little sensory difference in the final product. Second, fastfood chains, in particular, have a long and successful history of new-product integration and
well-established supply chains and infrastructure. And finally, fast-food and limited-service
restaurants make up a plurality of American meals outside of the home, meaning introduction
of alternative meats could lead to high adoption rates.
Institutional dining also represents an effective means of introducing alternative meats to customers. This includes dining services at educational, military, government, health, or business
facilities. Like fast food, institutional dining feeds a significant percentage of Americans eating
out and provides cheap, often heavily processed meats that can be easily replaced. It also has
existing and robust supply chains through companies like Aramark and Compass Group. In fact,
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the Humane Society of the U.S. has already partnered with institutional dining companies to
provide more meatless options at American government facilities, schools, and universities.19
Although these are not the sole strategies for increasing consumption, they represent some of
the lowest-hanging fruit for raising awareness of alternative meats and replacing cheap animal-based meat.
To be sure, firms must gain a foothold in retail markets and sit-down restaurants to ensure longterm growth of alternative meats. At the same time, alternative meat firms can continue a strategy aimed at fast-food chains, schools, hospitals, and other institutional dining facilities to replace cheap ground beef and introduce consumers to alternatives for fried fish, chicken breast,
meatballs, chicken nuggets, and other staples of fast-food and institutional dining operations.

THE BARRIERS TO GROWTH AND THE NEED FOR R&D
To achieve the growth outlined above, alternative proteins must be able to overcome general
scientific barriers, as well as barriers related to consumer acceptance, product quality, cost and
price, and production capacity.
Overcoming these barriers — with the possible exception of consumer acceptance issues — will
require significant investment in research and development.

Consumer Acceptance
Both cultivated and plant-based meat alternatives have been called “Frankenfoods,” suggesting
they are unhealthy because they are unnatural.20,21 Plant-based alternatives have repeatedly
faced criticism from activists who are opposed to genetically modified organisms (GMOs). Push
back has also come from the meat industry and “foodies” who point to bioengineering and the
number of ingredients in products. 22,23
Despite these claims, consumer receptivity for and acceptance of plant-based and cultivated
meat products are promising, especially as messaging and product marketing progresses.24
At the same time, receptivity and acceptance of alternative meats depends, in part, on consumer
awareness. In a survey completed in 2019, around 57 percent of U.S. respondents were not at all
familiar with cultivated meats and another 32 percent were only “slightly or moderately” aware
of cell-based products.25 In comparison, the same survey found that only around 36 percent of
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U.S. respondents were not at all familiar with plant-based alternatives.26 For the alternative industry to grow, producers, advocates, and others must educate consumers on the varied products
available and their benefit for consumers, animals, and the environment.

Product Quality
The taste and texture of alternative protein products are of fundamental importance to industry
growth.27
For plant-based producers, improving taste and texture could ensure increasing acceptance
from meat eaters who hope to reduce their meat consumption. This can be done in a variety of
ways, such as seeking out novel ingredients that can better replicate meat flavor and consistency,
and by improving manufacturing methods to impart more realistic fibrous textures.
For cultivated meat firms, the challenges are varied and correspond more to how consumers
perceive highly processed foods and the desired role of technology in food production. Still, as
cultivated meat products come closer to market, their ability to successfully mimic the taste,
texture, and feeling of meat from livestock production will be a major factor in early adoption.
Although both plant-based and cultivated meat producers have begun developing and, in some
cases, marketing whole-cut alternatives — products that resemble cuts like steak, chicken breast,
or salmon filets — companies have their work cut out for them. Improving existing products
remains important, but many firms will need to develop and improve new, whole-cut product
lines. Plant-based producers may not be able to realistically mimic some kinds of meat products,
such as large cuts of meat meant for slow roasting or smoking. For cultivated meat producers,
this is more of a barrier than a limitation. Still, although early attempts to expand product types
have been successful — Memphis Meats, for example, has produced chicken breasts in their
production lab — new products and further improvement will be needed.28
While plant-based alternatives that mimic ground meat can expand into fast-food, institutional,
and retail markets, whole-cut alternatives can help further drive growth of the industry, adoption, and the replacement of animal-based meats. According to industry groups, ground beef
makes up about 45 percent of total beef consumption.29 Replacing any existing portion or even
just the growth of demand for ground beef will be a success. But, if alternative producers can
crack the taste, texture, and visual code for whole cuts, the potential for disruption will only
increase.
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Cost
For both plant-based and cultivated meat, costs and price reduction remain top priorities.
Historically, the meat industry has benefited from government support through direct subsidies, indirect regulatory leniency, and subsidies for animal-feed crops.30,31 This support has
allowed meat producers to reduce the cost of production, achieve economies of scale, and reduce
the price of meat for the consumer. To compete with meat, plant-based alternatives must be
close to or lower in price than meat.32
Plant-based meat has already taken great strides toward reaching price parity with meat. In
November 2020, however, the average price of ground beef sat at just over $4 per pound in U.S.
city retail markets.33,34 But the price of Impossible Food’s burger is roughly $13 per pound retail.
Although slightly cheaper than Impossible in terms of retail costs, Beyond Burgers are just under $11 per pound when purchased in smaller quantities, or just over $6 per pound when purchased in larger quantities.35,36,37
Due to their relatively nascent state of development, cultivated meat products have a much
longer trajectory to reach cost and price parity. Like plant-based products, cultivated products
have become far cheaper to produce, just in the last few years of R&D and prototyping, but prices
remain too high for broad consumption.38
This is in part because cultivated meat production has yet to move from laboratory to factory.
Small-scale production facilities should be able to begin taking advantage of economies of scale,
but they require further technological development.

Production Capacity
To scale up production, improve taste and texture, and compete with animal-based meat,
alternative proteins face significant technical hurdles. For both plant-based and cultivated
alternatives, existing technologies limit production capabilities and product quality.
For plant-based producers, technical hurdles in production processes and ingredient optimization are most notable. Manufacturing equipment remains underdeveloped and capital intensive, and contract manufacturing capacity is hard to come by, thus putting the onus on new
companies to construct their own production facilities. For well-funded firms like Impossible,
Beyond, MorningStar Farms, or BOCA, these barriers are lower than for new entrants into the
market.
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Outside of infrastructure barriers, plant-based firms also face constraints related to the availability of ingredients with suitable functionality at sufficient scale. Plant-based companies’
success derives in part from the quality and kind of ingredients they can use. Firms will need to
develop high-throughput characterization methods and data-driven approaches to screen for
ideal ingredient candidates, while at the same time finding producers capable of providing the
necessary quantity of said ingredients.
Cultivated meat producers face similar challenges related to manufacturing and infrastructure
as well as key process inputs. But these are made more daunting by the industry’s earlier stage of
development. Like the plant-based industry, the cultivated meat industry is limited by the availability of optimized production equipment. It needs new technologies related to bioreactors,
scaffolding materials, and inputs for inclusion in the cell culture media to make cultivated meat
suitable for mass production.

Scientific Barriers
The product of relatively novel technological breakthroughs, alternative proteins face barriers
related to basic scientific questions.
Cultivated meat firms face challenges related to cell biology. For example, research into cellular
metabolism and signaling could elucidate the relationships between genetic variations, culture
conditions, and cell growth, leading to improved efficiency of cultivated meat production.39
Although extensive scientific literature, genetic data, and research tools are available for some
species, there is a paucity of prior research for many food-relevant species, including the majority of seafood species. Thus, open-access, publicly funded resources to address these key knowledge gaps could profoundly accelerate the field.
Plant-based meat firms face similar scientific barriers regarding plant genetics and genomics.
As stated above, to improve taste, texture, and nutritional content as well as efficiency of production, the plant-based industry needs to find novel ingredients. One way to do so would be to
seek out plants with genetic traits and functions that make them suitable for plant-based meat
production.40 Unfortunately, only a small handful of possible ingredient-plants have been genetically mapped. Like the cell-line database for cultivated meat companies, an open-access genomic and functional database for ingredient-plants would allow the plant-based meat industry to
overcome this barrier.
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SECTION II: WHY THE FEDERAL
GOVERNMENT SHOULD FUND
ALTERNATIVE MEAT R&D
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There are three principal reasons for the U.S. federal government to invest in alternative proteins. First and foremost, it could mitigate the broad and expansive
externalities associated with animal agriculture. Second, it could help create a domestic alternative protein industry capable of growing the U.S. economy by meeting rising demand from international markets. Third, the needed research is risky
and multidisciplinary, which means that the private sector would be unlikely to
fund it and unlikely to succeed in efficiently coordinating it.

ALTERNATIVE MEATS CAN MITIGATE EXTERNALITIES
RELATED TO ANIMAL AGRICULTURE
Americans are among the most carnivorous people on the planet. Per capita, the United States
consumes more meat and meat-based products than any other country (See figures 1 and 2).
This is due to a number of sociohistorical, economic, political, and cultural factors.
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This massive amount of meat consumption presents numerous problems, ranging from GHG
emissions to antibiotic resistance and pandemic disease risk. A 2016 study estimates that a global shift to less meat-intensive, healthier diets could save between $1 and $31 trillion U.S. dollars,
or roughly half a percent to 13 percent of the global gross domestic product (GDP) — depending
on the extent of meat consumption reduction.41
Simply put, the negative impacts associated with meat production provide more than enough
rationale for the federal government to invest in and fund alternative protein R&D.
Public investment in R&D and innovation is warranted in cases of market failures — where the
market does not produce the optimal outcome and the price of a good does not reflect the true
consequences of its production, such as high externalities.42
In addition to taxes or subsidies that incentivize meat producers to reduce impacts, public
investment in R&D for alternative proteins is a central tool for addressing conventional meat’s
negative externalities.
Public investment in research remains critical for reducing the impacts of agriculture in
general.43 Although large corporations spend billions on agricultural R&D, which has increased
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productivity,44 the profit motive of these investments means that the resulting technological
advances often fail to address environmental and public health impacts.45 The public sector
must therefore pick up the slack.
Alternative proteins provide an important means of combating the externalities related to meat
production. This is not to say that alternative protein production does not have externalities
of its own. Rather, the environmental and ethical externalities of alternative meat production
simply have much less impact than those of animal agriculture, which are considerable.

Greenhouse Gas Emissions
Meat, especially beef and lamb, are some of the most emissions-intensive foods, producing
almost a half of all GHG emissions from agriculture globally.46
Cows, sheep, and goats are ruminants that digest plants through enteric fermentation. Methane
emissions from enteric fermentation makes up close to 29 percent of total U.S. agricultural
emissions.47 In addition, methane and nitrous oxide emissions from manure add up to roughly
13 percent of total U.S. agricultural emissions. This means that direct livestock emissions related only to livestock farms, but not their feed production or land use, add up to roughly 42 percent of U.S. agricultural emissions, or almost 4 percent of total GHG emissions from the United
States.48Production Emits Over 40% of GHG Emissions from US Agriculture

13.7

Other

99.3

Grassland Soils
238.8

FIGURE 3:

Livestock Production Emits
Over 40% of GHG Emissions
from US Agriculture

81.1

Manure

Cropland Soils

Livestock
177.6

Enteric Fermentation

Units are MMT CO2e. “Other” includes emissions from the production of ammonia, urea application; emissions from the
conversion of land to and from agriculture; and rice cultivation, liming, and field burning.
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Importantly, the emissions intensities of meat and animal products vary widely depending on
the animal, production practices, and the feed they eat. Beef and lamb are particularly emissions
intensive, mostly due to the methane emitted from enteric fermentation. Whether measured
by emissions per calorie or emissions per unit of protein, beef and lamb are much more GHG
intensive than other widely consumed meats or plant products and also use more land per unit
of meat.49
Although consistently less emissions intensive than beef, sheep or goat, alternative protein
sources cannot yet match the lower emissions externalities of chicken. For example, both
Impossible and Beyond burgers have an emissions intensity of roughly 3.5 kilogram (kg) carbon
dioxide equivalent (CO2e)/kg product,50,51 compared to 29.6 kg CO2e/kg functional weight for
beef,52 5.4 kg CO2e/kg for pork,53 or roughly 2.0 kg CO2e/kg for chicken.54
Current estimates for cultivated meat are highly speculative because they are based on hypothetical production processes. But some studies estimate 7.5 kg CO2e/kg product, with a very
wide margin of error, meaning emissions may be much lower or higher depending on energy
usage requirements and assumptions about energy production methods.55
Any step towards reducing the negative externalities of animal agriculture could go a long way to
improving the environmental and climatic impacts of U.S. agriculture. For example, replacing 45
percent of U.S. beef consumption with Impossible or Beyond burgers would lower emissions in the
U.S. by around 101 MMT CO2e/year, or close to a sixth of U.S. GHG emissions from agriculture.56,57,58,59
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Land Use and Conservation
Alongside GHG emissions, land use for meat production is one of the most significant challenges
facing agriculture, biodiversity conservation, and climate change mitigation. Currently, production of ruminant meat uses almost 80 percent of all agricultural land in the world.60 In the
United States, grassland pasture and rangeland make up more than a quarter of total land, making ruminant meat production by far the largest category of human land use. This is true even
after excluding the cropland used to grow livestock feed and land used for feedlots, processing
plants, and factory farms. 61
Alternative proteins are far less land intensive. Plant-based meat alternatives are 98 percent
less land intensive than beef per 100 grams of protein.62 Plant-based substitutes are even 77 percent less land intensive than pork production and 82 percent less land intensive than chicken
production.63 According to projections, cultivated meat production would have lower land-use
requirements than beef or pork, but it would be roughly similar to the land-use intensity of
chicken.64
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Overall, a shift in consumption from meat to plant-based and cultivated alternatives has the
potential to massively change land use. This is especially true for the replacement of beef and
other ruminant consumption. Although some dry and remote rangeland has limited or negligible alternative uses, more than 680 million hectares or roughly a third of global pasture and
rangeland could be shifted to crop agriculture.65 Demand reductions in developed countries
from increased adoption of alternative meats could lower pastureland and grazing land use.66
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A recent paper outlines the “carbon opportunity cost” of land used for animal agriculture. If
global diets shifted to plant-based diets by 2050, the authors argue that native vegetation regrowth on pasture and land that’s currently growing feed crops could sequester somewhere between 332 and 547 GtCO2e, depending on how much humans reduce their meat consumption.67
Such a broad return to native vegetation would also have major benefits for wildlife populations
and biodiversity.
In fact, land use and deforestation from agricultural production is one of the main drivers
of biodiversity loss, and animal agriculture is one of the main culprits. Especially in low- and
middle-income tropical countries, livestock production is the single largest contributor to biodiversity loss through habitat destruction and deforestation.68 In the United States, both cattle
grazing and intensive confined operations impact biodiversity, the former through habitat
destruction and fragmentation, and the latter through nitrogen pollution that contaminates
waterways and makes them uninhabitable for wildlife.69,70
Because land-use requirements of protein alternatives are drastically lower than those of animal agriculture, large-scale replacement of animal-based meat with alternatives would greatly
reduce wildlife and biodiversity impacts stemming from agriculture. At the same time, reducing
U.S. meat consumption while maintaining high feed production could still help limit habitat
and biodiversity loss in countries like Brazil. That’s because Brazilian deforestation is driven in
part by soy production for domestic and international animal feed. Cheap U.S. imports providing feed for Brazilian animal agricultural facilities and other international destinations would
help limit habitat loss in the Amazon and other sensitive areas.71
Conventional protein consumption also heavily impacts wild fisheries. Overfishing has long
decimated fish populations around the world. The Northwest Atlantic Cod fishery has long been
a central example of overfishing driven by consumer demand.72 Reduced consumption of fish,
replaced by alternatives produced by companies like BlueNalu, could help fisheries return to
healthy populations, making them resilient to future fishing and restoring ecosystem health.
Overall, adoption of alternative meats would have a major positive impact on wildlife and biodiversity. There is little research to demonstrate the potential impact of alternatives on wildlife,
habitats, and biodiversity. But the net benefits of a shift from animal meat to alternatives would
be overwhelmingly positive because cell- and plant-based meat have lower land-use intensities
than most meats.

22

Water Use
Like greenhouse gas emissions and land use, water use for animal agriculture presents an
important challenge for environmental mitigation. Plant-based meats beat almost every other
protein source in terms of water use, utilizing 89 percent less water than pork production per
100 grams of protein, 77 percent less than beef, and 76 percent less than chicken.73
Although anticipated to use less water than pork and beef production per 100 grams of protein,
cultivated meat could potentially be quite water intensive compared to vegetarian protein
sources and plant-based alternatives.74 This may be due to the novelty of and lack of an efficient
production system for cultivated alternatives. But making sure production has low water use
intensity will be an important question for cultivated meat producers and researchers as they
establish their production processes.
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Source: Poore and Nemecek (2018), Khan et al. (2019), and Tuomisto et al. (2014).

Air and Water Pollution
Animal agriculture, especially concentrated animal feed operations (CAFOs), is responsible for
air pollution that impacts local and more dispersed communities. Manure from animal agriculture generally pollutes the air with ammonium compounds, which can have significant health
impacts, such as higher risks of lung cancer.75 Animal agriculture, including dairy, is one of the
top five sources of air pollution deaths globally.76
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Air pollution from pork CAFOs in rural communities is linked to increased rates of sore throat,
coughing, and asthma, disproportionately impacting those in close proximity, often poor
communities and communities of color.77,78 The negative impact of pork CAFOs on poor Black
communities in North Carolina, for example, has been particularly well studied.79
Although there is little research on the air pollution impacts of protein alternatives, the impacts
will assuredly be lower. Plant-based meat production is based on crops, which produce some air
pollution from fertilizer application and other sources, but far less than conventional meat.80
Conventional meat production also produces considerable water pollution, stemming from animal manure, fertilizers and pesticides from feed production, and antibiotics used by livestock
operations. Excess nitrogen in waterways — from both manure and fertilizer runoff — causes
eutrophication, which can lead to dead zones in fresh and marine water bodies, suffocating fish
and causing economic harm to fisheries.
While nitrogen runoff occurs from crop production for alternative meat as well, early estimates
of the difference between animal agriculture’s and alternative proteins’ impact on eutrophication suggests that plant-based alternatives would be one to two orders of magnitude smaller
than pork and beef or chicken, respectively.81

Nutrition and Public Health
Consumption of meat also has negative consequences for individual and public health. Although
links between meat consumption and obesity, cardiovascular disease, and diabetes are hard to
assess, there are well-established links between the consumption of red and processed meat and
colorectal cancer, one of the most common and deadliest cancers for older American men.82,83
As with conventional meat, the long-term health and nutrition consequences related to the
consumption of alternatives are hard to assess and substituting plant-based meats does not
automatically produce a healthy diet. But there is no evidence that it would be worse than the
consumption of animal-based meats.84 In fact, early studies suggest that reducing heavily processed meat consumption with plant-based alternatives could improve fiber consumption and
help to lower risks of colorectal cancer and cardiovascular disease.85,86
Still, research is needed to better understand the nutritional health ramifications of a consumption shift towards cultivated meat products. This research should occur simultaneously with the
development and formulation of cultivated meats.
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Beyond nutrition, replacing meat consumption with plant-based and cultivated alternatives
would have other positive public health impacts.
First, animal agriculture’s reliance on antibiotics, which has helped breed antibiotic-resistant
bacteria, could be mitigated by consumption shifts away from meat.87 While plant-based alternatives use no antibiotics, questions remain about whether or not cultivated meat production
would also include antibiotic use, but the extent of use will be nowhere near that of animal
agriculture, inevitably lowering the associated risks.88
Second, animal agriculture increases the risk of zoonotic pandemics by driving deforestation
and habitat loss and by reducing biodiversity and increasing the transmissibility of influenza.89,90
The epidemics of HIV, Zika Virus, and Ebola all exemplify how deforestation and biodiversity loss
can precipitate zoonotic diseases.91
Any shifts in consumption from animal-based meat to plant-based and cultivated alternatives
might reduce the misuse of antibiotics and deforestation, which could help mitigate the risk of
future pandemics.

Animal Welfare
In 2018, more than 70 billion animals were slaughtered for meat, excluding fish, shellfish, and
wild game or bushmeat.92 Almost 69 billion of those animals were chickens — not even counting
the “unproductive” chicks killed close to their birth.93 In 2017 alone, close to 9.5 billion animals
were killed in the United States, or roughly 29 animals slaughtered for every person in the country.94 At the same time, animals that are raised for consumption are often subjected to cruel and
painful conditions and procedures such as overcrowding, debeaking, castration, and the removal of weaning young from mothers.95
Any shift toward alternative protein consumption would improve animal welfare. Plant-based
meat production does not generally involve animal use and therefore does not involve the
harms associated with animal agriculture.96,97 Current technologies prevent cultivated meat
producers from completely removing animals from their production cycle. Cultivated meat production still involves deriving cells from livestock. But by default, far fewer animals are involved
than with conventional animal agriculture and the use of animals has been almost entirely
eliminated.98
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Externalities in Totality — Estimating the Costs of Animal Agriculture
Seen apart, the externalities related to animal agriculture are devastating. Seen together, they
are motivating. High GHG emissions; increasing land use leading to deforestation, biodiversity
loss, and loss of wildlife; air and water pollution that threatens both human and non-human
lives; high rates of colorectal cancer; the continued threat of novel zoonotic diseases and the
increased virulence of existing diseases from the misuse of antibiotics; the incalculable cruelty
of treating billions of animals poorly and ultimately slaughtering them for our food.
Economic assessments do not provide a complete portrayal of the issues raised above. However,
the economic costs of animal agriculture’s externalities may add considerable weight to the arguments of those advocating dietary shifts for ethical and environmental reasons.
One study estimates that a global reduction of meat consumption could reduce costs for the
global economy related to GHG emissions and public health issues by as much $1.6 trillion per
year, adding up to about $31 trillion in total by 2050.99 If the U.S. population were to limit meat
consumption based on internationally accepted dietary recommendations, it could save about
$197 billion in social costs of emissions and burdens on the healthcare system. That figure
would be about $289 billion per year if the entire population became vegan.100
Combined with the total estimated cost of air pollution from animal agriculture, the price tag
of externalities related to meat production goes up to at least $388 billion.101 This figure does not
take into account losses to existing industries, opportunity costs, or costs associated with biodiversity loss, land use, water use, and water pollution — for example, nitrogen pollution from agriculture costs the U.S. public between $59 and $340 billion per year.102 But the cost savings from
reducing meat consumption is clearly staggering. Again, this does not even include the moral
dilemma of animal welfare at the center of modern animal agriculture.103
These costs — whether social, economic, environmental, or ethical — ought to motivate federal
investment in alternatives to animal-based meat. By investing in alternative protein R&D, the
federal government can reduce cost burdens from animal agriculture and work towards a better,
more ethical future.
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PUBLIC INVESTMENT IN ALTERNATIVE MEAT
CAN DRIVE ECONOMIC GROWTH
There is no question that the economic, environmental, and ethical costs of animal agriculture
present the strongest case for public investment in alternative meat. Yet, mitigating the costs of
conventional meat does not encompass the full benefit of alternative meat. With the help of the
federal government, the U.S. alternative meat industry can be a driving force for domestic economic growth by becoming an international leader in the fast-growing market for alternative
proteins.
As we show in the first section of this report, the alternative meat industry has grown by leaps
and bounds, and industry experts are happy to point out the potential for future growth. Despite
the COVID-19 pandemic and the resulting economic downturn, consumer interest in clean and
ethical meat has become further entrenched in the second half of 2020.104 The U.S. market for
alternatives has continued to grow, but not as fast as international markets. In 2019, domestic
consumers purchased $1 billion worth of plant-based meat, compared to $1.1 billion in the UK,
which has a population roughly one fifth the size of the US.105
Similarly, plant-based meat and protein alternatives have seen tremendous growth in Asia.106
The outbreak of the novel coronavirus, as well as the long-running devastation of African swine
fever among China’s pig population, has spurred Chinese demand for meat alternatives.107,108
At the same time, Singapore has invested in alternative protein R&D through their Agency for
Science, Technology and Research, signaling a national interest in food security.109
Singapore is not alone among national governments interested in funding alternative protein
R&D. Earlier this year, the Canadian government invested $100 million in Merit Functional Foods,
an alternative protein producer based in Winnipeg.110
The growing international demand for and interest in alternative meat signals the potential
of the U.S. plant-based and cultivated meat industry. To become internationally competitive and
take advantage of growing international demand, however, the U.S. alternative meat industry
must overcome the barriers described above.
Of course, alternative protein is not without tradeoffs — large-scale shifts from animal meat to
alternative meat could have large economic impacts, particularly on those working in livestock
agriculture and meat processing.111 But a few factors could mitigate the impacts.

27

First, alternative protein growth may not eat into existing markets for meat, but rather, limit the
rate of growth for animal-based meat demand, functionally growing a new industry while keeping the existing meat industry relatively intact.
Second, growth of the plant-based and cultivated meat industries will create jobs. These jobs
would be fundamentally different from existing jobs in ranching and livestock agriculture, but
would be fairly familiar to workers in meat processing and packaging plants.112 For example,
if the U.S. domestic benefit of alternative meat investment matches that of previous Canadian
investments, a $50 million investment by the U.S. federal government in alternative meat R&D
could create more than 2,000 jobs and add nearly $1.5 billion to the U.S. economy over 10 years.113
Another estimate suggests that if the alternative meat sector can grow tenfold — measured by
market valuation — it could create up to 200,000 jobs in the United States.114
Third, the alternative meat industries may create demand for different crops, such as peas, that
farmers growing livestock feed could produce.115 However, there is currently little research on the
topic and it is not clear what the net impact on jobs and the agricultural economy would be.
Ultimately, the success of alternative meats in replacing some or all conventional meat consumption depends on customer demand for certain products. If demand for alternatives does
not continue to grow, and alternatives can only maintain the same portion of the total meat
market, animal agriculture is unlikely to see any economic losses. But, if demand does continue
to grow, and the U.S. does not have an alternative industry capable of meeting that demand, U.S.
animal agriculture is likely to see economic losses that will not be mitigated by economic gains
in other sectors of the U.S. economy.
Overall, we need more research to understand the relationship between the growth in alternative meats and negative consequences for the conventional meat industry. To justify federal
spending on alternative R&D, it’s essential to understand the potential impacts from and transitions necessitated by alternative meat demand, especially given the millions of Americans
employed by conventional meat producers and the political power of animal agriculture groups.
If advocates can provide an alternative vision for the livelihoods of those employed by conventional meat, the politics of alternative meat become dramatically simpler.
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THE FEDERAL GOVERNMENT IS UNIQUELY SUITED
TO FUND THE NECESSARY RESEARCH
High-risk, pre-competitive and multidisciplinary R&D is key to the alternative meat sector overcoming its barriers to growth and widespread adoption. Such research often necessitates public
intervention.116 Despite popular narratives of “lone inventors” or individualistic entrepreneurship leading to technological breakthroughs, U.S. history shows the necessary role of the federal
government in driving innovation.117,118
For example, the success of U.S. innovation in renewable energy demonstrates the need for federal investment to drive clean technologies. Advocates of clean energy have successfully motivated
federal action on renewable energy research and development for the past two decades. From
2005 to 2015, the U.S. federal government spent $4 billion on R&D, combined with $45.8 billion on
tax incentives and $1.3 billion on credit incentives for the wind and solar energy industries.119
This investment has led to long-term cost reductions for solar, wind, and new technological
breakthroughs in small modular nuclear power, among other innovations.
Government investment can aid in overcoming technological barriers for alternative meats,
helping to lower costs of production and consumer prices, ultimately driving adoption rates.
For clean innovation to be successful, the U.S. government clearly must take an active role.

Governments Fund High-Risk and Pre-Competitive R&D
Federal investment is very likely to prove synergistic and complementary to existing and future
private investment focused on less-risky research and commercial ventures. Across industries
and sectors, public R&D investment has been shown to “crowd in” private investment by tackling
high-risk research, lowering costs of production, spurring innovation, and improving expectations of future growth.120 Public agricultural R&D, for example, complements private R&D spending by targeting research topics that private firms are less likely to invest in.121,122
Public investment in cultivated meat has the potential to drive large-scale growth. Despite
differences in final end products and starting species of cells, all companies across the industry
have roughly the same needs for technological development, bioprocess design, and feedstock
and raw materials. This widespread demand is due to the novelty of the field and the breadth
of research needed.123 Research topics unlikely to be funded by private investment could be
addressed by federal investment, thereby driving price reductions that allow the industry to
compete with animal agriculture.
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For plant-based alternatives, public R&D can help develop production processes that drive price
reductions and help generate the scientific knowledge and technologies needed for firms to
develop new product types such as plant-based fish and alternatives to whole cuts.

Government Funding Solves Network Failures
Researchers working on technological innovation, as well as firms seeking to bring new technologies to market, often face network failures due to the need for collaboration with multiple
partners, such as other researchers, firms, institutions, or public agencies.124
Alternative meat firms and researchers also face risks of network failures due to the multidisciplinary and collaborative approach of their work. This is especially true for the development of
production processes, the improved data resources and analysis needed, and the required basic
scientific breakthroughs central to the field.
Cultivated meat producers, in particular, face challenges with collaboration. Because research
is necessary at so many different levels, cultivated meat producers must maintain collaborative
relationships across institutions, geographies, and disciplines. Similarly, plant-based producers
need to bridge gaps between private firms, academic researchers, and data scientists aiming to
automate ingredient discovery.
The federal government needs to fund collaborative R&D networks for the alternative meat industry to reach its full potential. Recent research into the historical patterns of innovation has
demonstrated the role that governments can play in mitigating network failures. This has been
especially apparent in the United States over the past few decades.125
For example, the Advanced Manufacturing Institutes (AMIs) created by the Obama administration both funded R&D and provided network support and direction for the technological
development of highly innovative industry research. They helped organize workforce development, connecting researchers to firms and helping to set R&D agendas based on future industry
needs.126
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SECTION III: HOW FEDERAL
INVESTMENT SHOULD BE SPENT
TO MAXIMIZE IMPACT
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How the world produces and consumes protein is central to any discussion of
climate and society. In the United States, animal agriculture dominates the protein production landscape and, accordingly, dominates its externalities. Scaling up
plant- and cell-based meat alternatives would mitigate these externalities while
also contributing to economic growth.
But shifting consumption towards alternative proteins requires significant investments in R&D as the industry faces a multitude of unanswered questions. The
federal government is best suited to fund the needed research because private investors are unlikely to focus investment in places that can lead to long-term price
reductions, improved quality, and real innovation.127
At the same time, the novelty of these fields, the lack of existing public funding,
and the need for interdisciplinary expertise means that alternative protein industry members struggle to find capable partners in R&D. Investment into alternative
protein R&D can easily solve these network failures, helping to accelerate innovation and increase adoption of alternative meats.
However, we need the right institutional arrangements to guarantee the needed
technological developments and overcome barriers to alternative meats. Federal
funding should go to funding networks, expanding basic and more advanced
research into alternative meats and creating mission-oriented approaches that
target specific challenges for R&D. Together, these arrangements can drive the innovation and growth necessary for large-scale alternative meat adoption.
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FUND NETWORKS
To avoid network failures, the federal government should fund cooperative research projects,
consortiums, and interdisciplinary research institutes focused on cell- and plant-based alternatives. Because of the interdisciplinary nature of alternative proteins research, firms may face
limitations related to finding capable partners, employees, and researchers. Funding networks
related to alternative protein R&D could drive innovation and help firms and researchers establish impactful relationships and agendas.
One avenue for this is to expand funding for the Foundation for Food and Agriculture Research
(FFAR) to develop a pre-competitive, public-private R&D consortium on plant-based and cultivated meat production. FFAR already works to coordinate R&D by managing and holding convenings and consortiums related to agricultural issues. FFAR can also utilize existing networks
— such as those created and maintained by The Good Food Institute (GFI) or New Harvest — to
ensure that both public and private funding work together towards innovative R&D goals.

EXPAND EXISTING R&D PROGRAMS
TO INCLUDE ALTERNATIVE MEAT
The U.S. government should expand funding for ARS, NIFA, NSF, and other agencies capable of
doing cell- and plant-based alternatives research and provide language directing these agencies
to fund said research. These agencies can fund research projects that private firms are unlikely
to invest in, reducing the impacts of negative externalities and ensuring the long-term growth
of the alternatives industry. For a list of possible research and funding opportunities, please see
Appendix 1.
Although each of these agencies has the license and capabilities to fund research into alternative
meats, they have different relevant pathways towards funding and research. ARS already has the
infrastructure and expertise to begin plant-based and cultivated meat research projects, while
NIFA and NSF have networks and grant-making apparatuses to reach capable scientists and firms
to perform relevant research. The kind of research that is being targeted should dictate which
agencies take the lead. For example, ARS’s in-house research and federally funded laboratories
and infrastructure would provide an ideal environment for the creation of an open-source cell
line or plant-ingredient genomic database. On the other hand, NIFA or NSF would be ideal pathways to targeting federal funding on cost-cutting production innovations that would most likely
involve public-private cooperation, like bioprocess designs that could reduce costs, and product
integrity for cultivated meat companies.
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APPLY A MISSION-ORIENTED APPROACH
TO INNOVATE TOWARDS PRICE REDUCTIONS
AND CELL LINE DEVELOPMENT
Applying a mission-oriented approach to alternative protein R&D, most likely through the creation of a cross-agency initiative, would go a long way towards solving the pressing problems of
the field. Such a program should focus on innovation related to general cost reduction — such as
innovations in production processes and ingredient optimization — strategies, cell line development for cultivated meats, and technological innovation aimed at the development of whole-cut
meat alternatives.
Mission-oriented programs such as the Department of Defense’s Defense Advanced Research
Projects Agency (DARPA) and its historical antecedents, or the U.S. AMIs, which foster networks,
provide connections between academic and industry positions, and incentivize collaborations
that are crucial to creating innovation-friendly environments.128,129
Mission-oriented approaches also bring high returns on investment for the public sector. For
example, DARPA has secured higher economic returns than other forms of either public or private innovation spending.130 This is true for a few reasons. First, mission-oriented approaches
help produce networks capable of long-term innovation. Second, they lead to technological and
knowledge spillover within and outside of the sector of interest. DARPA has led to high economic
returns in part because of the breadth of sectors that their defense projects impacted.
At the same time, mission-oriented innovation policy potentially incentivizes increased private
funding, catalyzing further innovation and acceleration. The Department of Energy’s Advanced
Research Projects Agency-Energy (ARPA-E), for example, directly connects researchers to private
sector investors and entrepreneurs who can invest in and provide other resources to researchers
in the field.
Such a program could be created at existing agencies like ARS, NIFA, or NSF. Or it could be tied
to the creation or funding of a new agency such as the Agricultural Advanced Research and
Development Authority (AGARDA), approved in the 2018 Farm Bill.
Altogether, limiting the social, monetary, and ethical costs of animal agriculture and ensuring
American competitiveness in the growing global market for alternative meats requires largescale, organized public investment in plant-based and cultivated meats.
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APPENDIX 1
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OPPORTUNITIES FOR PUBLIC INVESTMENT
IN SPECIFIC RESEARCH QUESTIONS
CULTIVATED MEAT
Opportunity #1: Establish and Bank Cell Lines
There are currently few developed and available cell lines for animals consumed as food. Cellline development has historically been centered around model organisms in biology or biomedical research and applications. Therefore, there are few food-relevant options for cultivated
meat companies to work from to produce products that resemble commonly consumed meat.131
Existing cell lines are often proprietary and difficult or impossible to obtain.
The lack of developed and available cell lines creates a high barrier to entry for new firms and
for academic researchers.132 This problem will continue to grow as more researchers, laboratories, and firms become interested in working on the development of cultivated meats.
As the problem grows, there may be a need for a centralized, third-party, cell-line bio-banking
and maintenance service. Such a facility could reduce barriers to entry for interested firms and
lower the cost of academic, public, and private research on cellular agriculture. Recently, GFI
partnered with Kerafast to host a cell-line repository for early-stage firms and researchers interested in breaking into the cultivated meat industry.133
While GFI and Kerafast’s work is laudable, a federally funded, open-access cell-line repository
would have greater benefits, both to private sector innovation and to government agencies.
Although a repository would help realize the economic, environmental, and other public benefits associated with cultivated meat, the private sector has little incentive to develop one as it
would be very costly and pre-commercial. Therefore, the federal government should. In addition,
a federally funded, open-access cell-line repository could reduce the cost of federal grants and
other R&D funding that might otherwise go toward developing cell lines.
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Opportunity #2: Develop Serum-Free Media Formulations
Media represents the main cost impediment for many cultivated meat firms. The elimination of
animal sera from media is a major limitation and barrier to product development and manufacturing when moving from early-stage product demonstration to at-scale production. Currently,
most of the work on serum-free media is under the purview of private firms hoping to patent
and privatize research findings.
Because of the novelty of the field, increased public investment in serum-free media ingredient
research could have long-term impacts that are currently unknown. At the heart of this question
is uncovering the essential components of fetal bovine serum and being able to replicate it. Not
only would serum-free media allow for cultivated meat production to be completely animal free,
but it would also allow for more consistency in both product processing and further research
into cultivated production.

Opportunity #3: Develop New Scaffolding Technologies
Scaffolding technology is another area ripe for innovation. Scaffolding is a crucial element of
the cultivated meat production process but it remains a bottleneck in R&D. Production of cellbased whole cuts will require improved scaffolding technologies that allow multiple kinds of
cells to grow together. Such technological innovation could help improve the consistency and
quality of cultivated products.134
Public investment is warranted since advances in scaffolding technologies would have broad
applications across the industry but require fundamental research that universities and other
public actors are often best suited to conduct. Answering some of the largest research questions
about the structuring and fabrication of effective scaffolding would enable improved cell attachment, nutrient penetration, and improve the form of a finished product. Increasing funding for scaffolding technologies would benefit both researchers and private firms who hope to
scale up production of cultivated meats. Because so many questions remain unanswered, public
funding will both improve the potential of the industry and provide large returns for the federal
government.
Innovation in biomedical research is also a co-benefit of scaffolding research. Advancing scaffolding technology could allow for improved whole-tissue replacements for medical operations.
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Opportunity #4: Develop New Bioreactor Designs
Bioreactors are the central equipment in the cell culturing process to produce cultivated meat.
Currently, bioreactor technology capable of large-scale production of intact meat tissues is purely
hypothetical.135
Further R&D related to bioreactor design and efficiency is necessary for cultivated meat to scale
up and compete with animal agriculture.136 Bioreactor design R&D must incorporate research
and scientists from cell biology, bioengineering, and mechanical engineering, among other
fields. Because of this interdisciplinarity, the federal government is uniquely suited to intervene
and provide research ecosystem support through research funding and organization.

PLANT-BASED MEAT
Opportunity #1: Develop Novel Plant Protein Processing and
Manufacturing Methods
Costs associated with plant-based meat ingredient processing and manufacturing remain a
challenge for reaching cost parity with ground beef, pork sausage, and other meat products.137
For early-stage firms, processing and production equipment remain the central barrier to cost
reductions. Even if test products are high quality and relatively cheaply made in laboratories,
the cost of scaling production and maintaining quality are likely to limit firms’ abilities to compete with meat.
The development of improved production frameworks and manufacturing methods requires interdisciplinary work that ranges from biochemistry and food science to mechanical and chemical engineering.

Opportunity #2: Develop Public Functionality Database of Plant
Ingredients
Plant-based meat companies and researchers have access to few ingredients that exhibit reliable,
sufficient performance in plant-based meat products while fulfilling desired sensory attributes.
Historically, plant-based meat alternatives have relied on soy and wheat as main ingredients.
However, companies need new protein, flavor, and ingredient sources to appeal to meat eaters.
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Although many species of plants, vegetables, legumes, nuts, and fruits can be used as flavoring,
bulking, or protein-rich ingredients, few have been sufficiently validated to provide meat-like
texture and taste. Currently, plant-based producers use pea proteins, potato proteins, and other
flavoring and color-based ingredients such as beets. Researchers currently have the ability to isolate flavor compounds and functional fractions, and to test them for functional properties such
as emulsification, gelling capacity, and water-binding and fat-binding capacity, but a standardized, comprehensive public database for this information is missing.
The federal government can fund and maintain a database of sensory, compositional, and functional profiles for specialty crops and their various fractions across U.S. agriculture. One benefit of a federally funded open-access database is that it would help prevent costly duplication
of research. If the federal government can establish the database and research infrastructure,
researchers and scientists across the country can help populate the characterization data, allowing other researchers to build upon their work and ultimately benefit the industry.
At the same time, such a database could be a significant boon for researchers aiming to breed,
engineer, or otherwise modify crops to produce ingredients best suited for alternative protein
production. Plant genomics researchers and breeders have the opportunity and capability to
improve both the productivity and usability of specific crops, thus raising their market value
and profiting farmers. By including genetic data in the ingredient characterization database, the
federal government would foster broad innovations up the value chain, both within the field of
plant-based meat and beyond.
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