
Enhancing the quality, quantity and 
impact of alternative proteins through 
technological innovation and efficient 
industrial processes 

THE ROAD TO 

SCALABILITY 

Technologies are proving viable and products 

marketable, largely because more and more 

consumers are demanding foods that are 

healthier for the planet and for themselves.

The alternative protein industry has made rapid progress in 
just the last several years. Plant-based burgers are increas-
ingly indistinguishable from their ground meat counter-
parts, microorganisms are converting biomass into larger 
volumes of protein and other key ingredients, and cultivated 
meat has moved from the lab to pilot production facilities, 
attracting the interest of more and more researchers,  
companies and investors. Some of these novel proteins are 
further along in their development than others, but all have 
made significant breakthroughs. Technologies are proving 
viable and products marketable, largely because more and 
more consumers are demanding foods that are healthier for 
the planet and for themselves. 

A 2022 global consumer survey conducted by Blue Horizon 
and Boston Consulting Group reveals that people are 
increasingly open to alternative proteins: 76 percent of sur-
vey respondents were aware of alternative proteins, 60 
percent had experience with them and 55 percent had 
already consumed them. Significantly, the survey also 
found that consumers still want to see further progress in 
the taste, health and price of novel proteins. Despite the 
great strides made by leading companies such as Beyond 
Meat and Impossible Foods, these and other producers will 
continue to tinker with the mouthfeel, taste and nutritional 
profile of their products. And once they have achieved the 
desired parity with meat and other animal products, there 
will be little reason to stop there. 
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and yellow peas, for example, are two of today’s main sources of plant-
based protein, but both remain suboptimal for producing large quantities of 
tasty, nutritious human food. Soybeans, especially, are still used primarily 
for animal feed. Breeding these for better taste and higher protein content 
would boost both quality and scalability. 

Another key to improving protein quality and yield is the right industrial pro-
cessing technology. Each protein crop has its own unique composition and 
properties. Making sure the machines match the raw material can improve 
protein extraction (quantity) while reducing off-flavors (quality), reduce the 
need for chemical additives, and generally streamline capital intensive steps 
like separation and drying. Matching processing equipment to the given raw 
material also ensures effective capture and use of the respective byprod-
ucts such as starches and oils, which further reduces wastage and boosts 
profitability for producers. 

Next steps for microorganisms 
The alternative proteins used in new foods are produced mainly via biomass 
and precision fermentation of microorganisms. Metabolic efficiency plays a 
huge role in how effectively microorganisms convert feedstock into protein. 
This conversion is happening in bioreactors that stir and aerate the mixtures 
in a soup of carefully combined nutrients. Getting these conditions right 
allows producers to generate more protein from less input in less time – all 
of which advance the cause of scalability. Improving metabolic efficiency 
can also mean less build-up of off-flavors for improved quality and taste.

US$1.36 bn
was invested in cultivated meat 
companies in 2021 – more than 
double all previous investment.

Fulfilling the alt protein promise
Indeed, the allure of alternative proteins is that once we have mastered the 
technology of meat alternatives – and successfully removed animals from 
the protein equation – there is no limit to the possibilities. Not only could 
they outperform conventional meat in terms of environmental impact and 
animal welfare, but they can also be continually optimized to create foods 
that are even healthier and more nutritious than the originals they set out to 
replicate. Across the alternative protein spectrum, the rapidly growing num-
ber of companies entering the space share a common vision: to be better 
than meat. And given the enormous demand for protein around the world, 
it’s easy to understand why the flow of investor money is accelerating. In 
2021, investment in cultivated meat companies was US$1.36 billion  – more 
than double all previous investment.

But to realize their potential benefits to food security, climate, environment, 
human health and animal welfare, alternative proteins will have to be pro-
duced on a massive scale. A look at some of the primary levers for achieving 
scalability reveals that technological innovation and efficient industrial pro-
cesses will be key to increasing both the quantity and quality of alternative 
proteins moving forward. 

Plant-based priorities
Plant-based proteins are the most advanced of today’s alternative proteins 
in terms of scale, availability and uptake, but still cost roughly twice as much 
as conventional animal protein to produce. As it turns out, the primary levers 
for improving cost efficiency can also boost product quantity, quality and 
sustainability. This begins with optimizing plant-protein crops. Soybeans 

Across the alternative protein spectrum, 

the rapidly growing number of companies 

entering the space share a common vision: 

to be better than meat.
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Another key efficiency lever is optimized harvesting and purifying of preci-
sion fermentation proteins – a multi-step process to get from the suspen-
sion in which microorganisms are grown to the final protein extract. Centrif-
ugation, filtering and drying are among the steps critical to efficient 
extraction; this is also where advances in industrial technology can decrease 
the cost of liquid-solid separation and have a major impact on product qual-
ity and scalability. On the upstream side, the efficiency and scalability of 
precision fermentation can be further improved by using low-cost feed-
stocks, such as byproducts from other industrial processes. This reduces 
production costs and boosts sustainability gains at the same time. 
 
The keys to cultivated meat 
Cultivated meat has made tremendous gains in cost efficiency since the 
famed US$325,000 in vitro burger made a splash in 2013 – but remains at 
least 10 times costlier to produce than conventional meat. Achieving scale 
and price parity with conventional meat will require a combination of inno-
vation breakthroughs and cutting-edge manufacturing processes that will 
allow companies to grow cells more efficiently. 

Efficient cell growth begins with the right cell lines. These are the breeder 
cells – the embryonic or adult stem cells taken from animals that give rise to 
different cell types. Every cell type has different growth potential and 
requirements, which means there is no single, standardized cell line identi-
fied for efficient production of cultivated beef, chicken, seafood, etc. 
Instead, a growing number of cultured meat companies are each conduct-
ing their own proprietary search for the perfect starting cells and exploring 

ways to further enhance existing lines. Just as soy can be engineered for 
better taste and higher protein content, so can animal cells be developed to 
produce fewer unwanted byproducts, for example, for more efficient, larg-
er-scale production of the desired tissue. 

Cells grown outside an actual body still need to be fed, of course, and this 
is the job of the cell culture media – the mixture of nutrients and growth 
factors in which the cultivated cells bathe. As of today, the high cost of cell 
media is one of the greatest obstacles to achieving price parity with con-
ventional meat, which is why the industry has taken steps to replace expen-
sive ingredients, such as animal serum, with less costly animal-free ingredi-
ents. Matching cell media to specific cell types is another away to 
significantly boost cost efficiency and yield.

Getting bioreactors ready for upscaling
Whether producers harness microorganisms to make protein via precision 
fermentation or cultivate animal cell lines for cultured meat, the bioreactors 
in which these processes take place play a critical role in scaling production. 
By the end of 2021, there were 107 companies worldwide involved in the 
production of cultivated meat, and many of them are just now transitioning, 
or have only recently transitioned, from laboratory to larger-scale pilot pro-
duction. 

A key challenge these companies face is that cells don’t necessarily behave 
the same in lab-scale bioreactors as they do in the industrial-scale bioreac-
tors designed to generate hundreds of thousands of liters of product as 
cost-effectively as possible. Maintaining the delicate balance of pH, tem-
perature, pressure, cell density and other factors requires machines and 
process lines fine-tuned to the needs of the given microorganism or cell 
culture. In the case of precision fermentation, a primary challenge is to 
remove the metabolic heat produced by the microorganisms. In the case of 
animal-cell cultivation, large volumes of media need to be rotated, stirred 
and aerated while minimizing shear stress, which can damage or kill the 
cells and ruin the entire crop. If the process is too slow, however, the yield 
might be too low. This would result in unnecessarily high energy costs or 
ineffective downstream processing – with negative effects on economic 
viability. 

Overall plant efficiency
Efficient manufacturing processes have the power to contribute signifi-
cantly to the overall economy and sustainability of alternative proteins. 
Among the many milestones achieved by the cultivated meat industry in 
2021 was a government-industry cooperation on a life cycle assessment 
(LCA) involving Singapore’s Agency for Science, Technology and Research 
and more than 15 companies along the cultivated meat supply chain. While 
the LCA confirmed the huge benefits of cultivated meat in terms of resource 
use, it also made clear that the climate benefits of alternative proteins will 
depend on the energy sources used in production. Leveraging renewable 
energy sources will be key, but industrial process design can have a major 
impact here as well. Designing process lines holistically – viewing produc-
tion processes, heating and cooling as one symbiotic ecosystem – means 
food producers can lower energy usage and operating costs by as much as 
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The right technological setup can 
help new food producers to improve 
processes and scale production.
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30 percent and cut CO2 and NOx emissions by up to 90 percent. These 
benchmarks have proven reliable in the context of many GEA food and bev-
erage projects.

New food industry roadmap 
Producing new food on an industrial scale presents major challenges, and 
much work remains before alternative proteins can make a dent in the US$1 
trillion global meat market. But the industry is picking up speed and narrow-
ing its focus on how best to achieve economies of scale. Across the alter-
native-protein spectrum, technological innovation and efficient industrial 
processes have been identified as the two main levers for boosting both the 
quality and quantity of desired end products. 

Among the core innovation priorities are: 
• Plant protein crops engineered for enhanced taste and protein content 
• Microorganisms developed for high-efficiency conversion of feedstock 

into desired products 
• Cell lines for cultivation that yield the best, most nutritious end product 

and in the greatest quantities, as well as inexpensive, non-animal cell 
culture media 

Among the core industrial-process priorities are:
• Plant-based producers will need to match technologies to the given raw 

material to optimize protein extraction and effectively leverage byproducts. 
• For fermentation and cultivated meat, efficient manufacturing will rely  

on smart bioreactors that cater to the needs of cell cultures or micro-
organisms and can monitor media, adjust it and reuse it by removing 
waste and adding nutrients.

• Holistic plant design to lower operating costs and significantly reduce 
greenhouse gas emissions during production. 

As progress continues on these fronts, the new food industry will have to 
engage with consumers and other stakeholders to further familiarize them 
with alternative proteins and address any remaining concerns or questions 
regarding health-, nutrition- and safety-related aspects. At the same time, 
skilled and effective government regulation will be key to ensuring consis-
tently high standards while promoting continued technological innovation 
and industry growth. If all these factors come together – innovation, manu-
facturing efficiency, consumer acceptance and government leadership – 
alternative proteins could truly transform mankind’s impact on the planet. 

US$100 m  
The world’s largest meat company announced a  
US$100 million investment in cultivated meat,  
with plans to market it by 2024

In 2021, cultivated meat achieved a number of milestones that attest to the momentum building  
behind even the most ambitious of alternative proteins: 

21  
new companies, including the first companies in  
Mexico, Brazil and Africa, joined another 86 already  
involved in cultivated meat production

China included cultivated 
meat in its latest five-year 
agricultural plan

A long list of strategic  
business partnerships  
and industry organizations 
were formed to promote 
collaboration

Several new, pilot- 
scale production  
facilities were launched

Governments and industry 
cooperated on the first  
life cycle assessment of 
cultivated meat
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