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Opportunities for CDMOs and CMOs in Biomanufacturing 
Alternative Protein 

 

 

I. The foundry model 
 

What is the foundry model? 
 
In 1980, the semiconductor industry established a horizontal division model after many years of 
semiconductor manufacturers maintaining a vertically integrated business model. These semiconductor 
companies attempted to design, manufacture, test, and sell hardware and semiconductor chips. Smaller 
companies looking to enter the semiconductor industry found themselves producing higher chip volumes than 
they needed, which led to the creation of the foundry model.1  
 
The structure of the industry split into three categories: 

1. Fabless companies who design microchips and invest heavily in R&D and IP and outsource 
manufacturing 

2. Foundries who manufacture microchips for fabless companies according to their specific designs 
3. Integrated device manufacturers (IDMs) who are still vertically integrated and design, manufacture, 

and sell their integrated circuits  
 
Prior to the foundry model, the growth of many fabless companies was constricted by their lack of 
manufacturing capabilities. The largest foundry is Taiwan Semiconductor Manufacturing Company (TSM), 
which controls roughly 52% of the global market and generated nearly $57Bn in revenues in 2021.1 The 
Foundry market reached $87.3Bn in 2020 and is projected to reach $151.2Bn in 2025, representing a 5-year 
compound annual growth rate of 11.6%2. 
 

Key success factors for semiconductor foundries? 
 
Foundries require large investments in manufacturing equipment that can yield a steady supply of high-quality 
semiconductor products. While IDMs require similar capital investments for manufacturing equipment, 
operation of their plant is highly dependent on the design and demand of new products. This reduces the 
efficiency of their manufacturing facilities. Foundries avoid this issue because they can receive contracted 
manufacturing orders from several fabless companies and optimize their equipment usage. 
 

 
1 Fabless Company Definition (no date) Investopedia. Available at: https://www.investopedia.com/terms/f/fablesscompany.asp (Accessed: 2 
October 2022). 
2 Foundry Market Tracking Toward Record-tying 23% Growth in 2021  

https://www.investopedia.com/terms/f/fablesscompany.asp
https://www.investopedia.com/terms/f/fablesscompany.asp
https://www.icinsights.com/news/bulletins/Foundry-Market-Tracking-Toward-Recordtying-23-Growth-In-2021/
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For foundries to succeed, they need to access and adopt new technologies that improve chip manufacturing 
capabilities. Foundries can advance the industry by combining complicated manufacturing processes and 
operating knowhow, whilst also creating barriers to entry for competitors. For example, the introduction of 
microfabrication, extreme UV light, and miniaturization of devices were important advances that increased 
production speed and reduced power consumption3. 
 
 

How is the foundry model similar to the CDMO/CMO model for the biopharma industry? 
 
Just as the semiconductor industry underwent explosive growth in the 1970s, the biologics and 
pharmaceutical industry is currently experiencing rapid growth and has similar manufacturing restraints.4 
Firstly, the pharmaceutical industry requires large investments in R&D and clinical trials in addition to the high 
costs of process development and manufacturing. For many small and medium-sized pharmaceutical 
companies, investing in production facilities is high risk due to the low chance of regulatory approval and 
dependence on clinical trial results.4 The costs incurred in R&D and innovation often take priority over 
manufacturing costs. Due to these factors, CDMOs and CMOs in the biologic space are well positioned to 
take over the manufacturing for these pharmaceutical companies.  
 
Additionally, the CMO model is well-suited for this industry because there is a relatively standardized 
manufacturing procedure for the development of biologics, particularly antibody drugs.4 For antibody drug 
manufacturing, the USP consists of producing a cell line and culturing the cell line in a bioreactor, usually in a 
fed-batch style.4 The DSP process involves purifying the produced antibody component from culture media, 
inactivating the virus, and filling or packaging it as a pharmaceutical substance.4 These processes are controlled 
by GMP production. However, for CDMOs and CMOs to become truly essential to the industry, they need 
to acquire and develop distinctive manufacturing technology and continue to advance their manufacturing 
process.  
 
The foundry model is more representative of a CMO than a CDMO, since the microchips produced do not 
require the same optimization and specialized engineering as microbial organisms for the biopharma industry 
do. For the biopharma industry, both a CDMO and CMO business model are likely be successful, potentially 
with some temporal variance. Initially the CDMO business may be more prevalent given the level of 
development of the industry and the many parameters that need to be fine-tuned for each pair of 
microorganisms and end-products. CMOs however provide a clear pathway to commercial scale production 
in the industry, reducing CapEx requirements for biotech and pharma companies, an aspect leading companies 
are starting to encounter.  

 
 

 
3 R. H. Dennard, F. H. Gaensslen, H. -N. Yu, V. L. Rideout, E. Bassous and A. R. LeBlanc, "Design of ion-implanted MOSFET's with very small 
physical dimensions," in IEEE Journal of Solid-State Circuits, vol. 9, no. 5, pp. 256-268, Oct. 1974, doi: 10.1109/JSSC.1974.1050511 . 
4 Kurata, H. et al. (2022) ‘CDMOs Play a Critical Role in the Biopharmaceutical Ecosystem’, Frontiers in Bioengineering and Biotechnology, 10, p. 
841420. Available at: https://doi.org/10.3389/fbioe.2022.841420. 
 

https://ieeexplore.ieee.org/abstract/document/1050511?casa_token=dGLFgEh5oCoAAAAA:UrlIgdkCUdFxI8OW_QP0TlzUVgXqzLHImzm8EzWnsynLiiLfdIV2YoIe5LWawiO8BRH8D2wf
https://doi.org/10.3389/fbioe.2022.841420
https://doi.org/10.3389/fbioe.2022.841420
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II. CDMOs / CMOs and continuous bioprocessing 
 

New Technology for CDMOs 
 
Several CDMOs have made tech improvements in cell line development by genetically engineering cell lines 
with improved recombinant protein production.4 Additionally, incorporating omics for cell line development 
allows a more comprehensive analysis of cell metabolic pathways which can further improve their cell line 
development. Omics is a rapidly evolving field that encompasses genomics, epigenomics, transcriptomics, 
proteomics, and metabolomics. Similarly, for the purification and culture process, there are several new 
technologies that can aid in production efficiency. For example, using flexible single-use reactors for USP 
allows for faster production and less cleaning between batches for rare or highly toxic biologics.4 
Developments are also made to accommodate high density cultures to reduce capital costs and improve 
productivity. For example, implementing continuous media replacement allows cell growth inhibiting 
metabolites, such as lactic acid and ammonia, to remain low and thus, increases cells’ lifetime.4  
 
Continuous Manufacturing for CDMOs 
 
The next gen technologies that could change the biologics manufacturing industry are end-to-end continuous 
manufacturing processes. There are many benefits of continuous processes for the industry.  

1. Firstly, it can reduce the total time of manufacturing and number of operators by eliminating the need 
to extract products for each process, lowering costs. 

2. Secondly, it will reduce human intervention, error, and contamination.  
3. And thirdly, it will require real-time quality monitoring systems which will lead to highly reliable quality 

assurance.5  
 
The new digital technology, supervisory control and data acquisition (SCADA), developed in 2020, integrates 
unit operations and collects all process data to provide process-wide monitoring and control.5 Using this 
technology allowed a fully integrated system to run for 10 days without interruption5. Similarly, the 
development of process analytical technology (PAT) enabled continuous monoclonal antibody manufacturing 
at Rutgers University6. PAT provides real-time online monitoring during manufacturing to generate 
information on process parameters, input materials, in-process materials, and final products. This paves the 
way for a robust control strategy with a higher degree of automation and product quality assurance.7 The 
industry has highlighted continuous manufacturing as a favorable system; however, progress in implementing 
continuous manufacturing is slower than anticipated.  

 
History of continuous biomanufacturing 

 
5 Feidl, F. et al. (2020) ‘Process-wide control and automation of an integrated continuous manufacturing platform for antibodies’, Biotechnology 
and Bioengineering, 117(5), pp. 1367–1380. Available at: https://doi.org/10.1002/bit.27296. 
6 US government provides funds to boost continuous bioprocessing, biopharma-reporter.com. Available at: https://www.biopharma-
reporter.com/Article/2022/08/31/us-government-provides-funds-to-boost-continuous-bioprocessing  
7 Quality & Regulatory Solutions for PAT in Continuous Manufacturing (no date) ISPE | International Society for Pharmaceutical Engineering. 
Available at: https://ispe.org/pharmaceutical-engineering/september-october-2020/quality-regulatory-solutions-pat-continuous 

https://doi.org/10.1002/bit.27296
https://doi.org/10.1002/bit.27296
https://www.biopharma-reporter.com/Article/2022/08/31/us-government-provides-funds-to-boost-continuous-bioprocessing
https://www.biopharma-reporter.com/Article/2022/08/31/us-government-provides-funds-to-boost-continuous-bioprocessing
https://www.biopharma-reporter.com/Article/2022/08/31/us-government-provides-funds-to-boost-continuous-bioprocessing
https://ispe.org/pharmaceutical-engineering/september-october-2020/quality-regulatory-solutions-pat-continuous
https://ispe.org/pharmaceutical-engineering/september-october-2020/quality-regulatory-solutions-pat-continuous
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In 2011, the first end-to-end continuous pharmaceutical process with automated, model-based control was 
run at MIT at bench scale. Between 2015 - 2017, the FDA approved five small-molecule drugs for commercial 
production using partially continuous manufacturing. For UPS continuous bioprocessing has been 
implemented commercially with the use of perfusion reactors for more than 20 commercial products.8  
However, the integration of DSP has not been demonstrated commercially.9 Since 2014, there has been a 
decline in the growth and development of perfusion bioreactors, because alternative routes to increase 
productivity of cell lines became available. These methods included modifying media formulation, cell line 
engineering via CRISPR/Cas9, metabolomics, and improved fed-batch bioreactor design and control. In a fed-
batch system, biomanufacturing improved protein production from ~ 1g/L to 10g/L.8 In comparison, perfusion 
bioreactors seemed less worthwhile given the storage and handling requirements for media and higher cost 
for perfusion. Regarding continuous DSP methods, little improvement has been made in purification 
technologies which are the main bottleneck in biologics manufacturing.  

 
Challenges for continuous manufacturing 
 
The challenges that delay the integration of continuous manufacturing are the expensive innovation and 
development costs to design a continuous process. Smaller pharma companies are hard-pressed to find 
CDMOs with continuous manufacturing capabilities for the same reasons that major companies have been 
slow to adopt such capabilities.10 The main developments needed to enable continuous manufacturing are 
process integration, real-time monitoring and control, and contamination mitigation.8 There is a lack of 
precedent in the industry for regulatory approval, which increases the risk profile of investment in continuous 
manufacturing R&D.  This makes it difficult for CDMOs or small pharma companies to acquire funding from 
investors. 
 
Large pharma corporations are cautious when investing in continuous fermentation technologies as they wait 
for more assurance of success.11 Many companies with facilities featuring a semi-batch process want to first 
improve existing facilities rather than buying new facilities. For their investments to be worthwhile, the 
continuous process would need to replace their batch procedures; however, most cell lines were specifically 
designed for batch manufacturing. Furthermore, there is a talent gap for people with the skill set to understand 
continuous processes.  
 
Additionally, companies are afraid to invest too much in continuous processes for biologics that may fail in 
clinical trials. The more likely adoption of continuous manufacturing will be for generic drugs.11 However, the 
production of generics does not often garner much investor excitement due to the small profit margins of 

 
8 Khanal, O. and Lenhoff, A.M. (2021) ‘Developments and opportunities in continuous biopharmaceutical manufacturing’, mAbs, 13(1), p. 
1903664. Available at: https://doi.org/10.1080/19420862.2021.1903664. 
9 Badman, C. et al. (2019) ‘Why We Need Continuous Pharmaceutical Manufacturing and How to Make It Happen’, Journal of Pharmaceutical 
Sciences, 108(11), pp. 3521–3523. Available at: https://doi.org/10.1016/j.xphs.2019.07.016. 
 
10 Kurata, H. et al. (2022) ‘CDMOs Play a Critical Role in the Biopharmaceutical Ecosystem’, Frontiers in Bioengineering and Biotechnology, 10, 
p. 841420. Available at: https://doi.org/10.3389/fbioe.2022.841420. 
11 ‘Continuous manufacturing builds on hype but adoption remains gradual’ (2022b) Pharmaceutical Technology, 20 May. Available at: 
https://www.pharmaceutical-technology.com/analysis/continuous-manufacturing-builds-on-hype-but-adoption-remains-gradual/  

https://doi.org/10.1080/19420862.2021.1903664
https://doi.org/10.1080/19420862.2021.1903664
https://doi.org/10.1016/j.xphs.2019.07.016
https://doi.org/10.1016/j.xphs.2019.07.016
https://doi.org/10.3389/fbioe.2022.841420
https://doi.org/10.3389/fbioe.2022.841420
https://www.pharmaceutical-technology.com/analysis/continuous-manufacturing-builds-on-hype-but-adoption-remains-gradual/
https://www.pharmaceutical-technology.com/analysis/continuous-manufacturing-builds-on-hype-but-adoption-remains-gradual/
https://www.pharmaceutical-technology.com/analysis/continuous-manufacturing-builds-on-hype-but-adoption-remains-gradual/
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these drugs. For venture capital investors, the implementation of continuous fermentation is seen as a risk on 
top of the already high-risk profile of pharmaceutical development and production.11 

 
Government support for continuous manufacturing 
 
In recent years, the US government has dedicated funds to increase the production of biologics. For example, 
the US national institute for innovation in manufacturing biopharmaceuticals (NIIMBL) provided funding of 
$15.8M across 14 projects to improve tech and workforce developments to promote innovation of continuous 
systems.12 Additionally, in 2021, US Congress approved “National centers of excellence in advanced and 
continuous pharmaceutical manufacturing act of 2021” with $100M to support efforts with the FDA.12 
 
After the Covid-19 pandemic, there was more incentive and urgency to build sustainable supply chains for 
biopharmaceuticals. Adopting continuous flow manufacturing was one clear solution that could revolutionize 
the process of drug manufacturing. President Biden’s order to build US supply chains for critical materials 
referenced investment in the development of new pharma manufacturing processes and specifically 
continuous manufacturing.13  
 
In 2020, Continuity Pharma, a US start-up that develops equipment for continuous fermentation 
manufacturing to produce medicines received a $1.5M grant from DARPA.11 Similarly, in 2021 Continuus 
Pharma, a Boston-based company specialized in integrated continuous manufacturing solutions received a 
$69M grant by the US department of defense to develop greater domestic production capabilities.11 
 

 

III. Potential for CDMO/CMOs in the alt protein industry 
 

Trends for the protein fermentation industry  
 
In the last decade, as synthetic biology and genetic engineering tools advanced, the potential for fermentation-
based manufacturing to create sustainable and scalable proteins expanded.14 These new technologies allow 
complex metabolic pathways to be transferred from organisms into microbial production hosts to create new 
foods, ingredients, and materials. However, industrialization of a product like this will usually require a CDMO 
and/or CMO partner with access to pilot and large-scale manufacturing assets and process know-how.14  
 
One example is Evonik, a CDMO for microbial fermentation that helps companies overcome bottlenecks 
related to resources for production assets. In 2021, Evonik was recognized as the leading CMO for the 

 
12 US government provides funds to boost continuous bioprocessing, biopharma-reporter.com. Available at: https://www.biopharma-
reporter.com/Article/2022/08/31/us-government-provides-funds-to-boost-continuous-bioprocessing (Accessed: 2 October 2022). 
13 House, T.W. (2021) Executive Order on America’s Supply Chains, The White House. Available at: https://www.whitehouse.gov/briefing-
room/presidential-actions/2021/02/24/executive-order-on-americas-supply-chains/ 
14 Emerging Industry Trends And CMO Solutions For Protein Fermentation (no date). Available at: 
https://www.pharmaceuticalonline.com/doc/emerging-industry-trends-and-cmo-solutions-for-protein-fermentation-0001  

https://www.biopharma-reporter.com/Article/2022/08/31/us-government-provides-funds-to-boost-continuous-bioprocessing
https://www.biopharma-reporter.com/Article/2022/08/31/us-government-provides-funds-to-boost-continuous-bioprocessing
https://www.biopharma-reporter.com/Article/2022/08/31/us-government-provides-funds-to-boost-continuous-bioprocessing
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/02/24/executive-order-on-americas-supply-chains/
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/02/24/executive-order-on-americas-supply-chains/
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/02/24/executive-order-on-americas-supply-chains/
https://www.pharmaceuticalonline.com/doc/emerging-industry-trends-and-cmo-solutions-for-protein-fermentation-0001
https://www.pharmaceuticalonline.com/doc/emerging-industry-trends-and-cmo-solutions-for-protein-fermentation-0001
https://www.pharmaceuticalonline.com/doc/emerging-industry-trends-and-cmo-solutions-for-protein-fermentation-0001
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pharmaceutical industry for the 4th year in a row.15  Evonik has a team of process engineers, metabolic 
engineers, fermentation analysts, and other technical experts that are highly specialized in biotech 
competencies. Evonik’s success is largely attributed to their flexible system, integrated network of 
fermentation sites that can support various scales of production, and continuous improvement initiatives to 
reduce costs and optimize yields.16 Over the past decade, Evonik began venturing into microbial fermentation 
for advanced food ingredients and other nature-identical materials.16 Evonik has helped bring over 50 new 
customer products to market via their fermentation-based production methods.15 

 
Why is the alternative protein space primed for CDMOs and CMOs? 
 
If we consider alternative protein production (i.e., precision fermentation proteins, mammalian cell culture, and 
microbial fermentation for foodstuff) to be a derivative of the biologics manufacturing industry, we can 
extrapolate and anticipate certain needs this industry will have. Firstly, there is a significant lack of commercial 
manufacturing capabilities for food-safe large-scale fermentation technologies. For small companies and start-
ups producing food ingredients, the capital investment required to build these manufacturing facilities will 
often significantly reduce their profit margins and deter investors.  
 
By providing these commercial manufacturing capabilities with food-safety approvals and GMP procedures, a 
CDMO will be able to fulfill the demand for many such start-ups, speed up their R&D, and take on a large 
portion of the R&D needed for efficient scale-up processes. CDMOs will provide alt protein companies the 
opportunity to devote more capital and time on product formulation, ingredient sourcing, sensory and 
organoleptic analysis, marketing, and sales. Their capabilities will be expanded and supported by the CDMO 
to allow faster time-to-market.  
 
One of the main challenges for CDMOs in the space is the lack of standardized production methods for various 
cell lines and products. Due to the lack of precedent for large-scale production facilities, the first CDMOs in 
this space will need a highly flexible model for different cell lines and must actively work with their clients to 
establish efficient production methods. In this industry, knowledge and experience is one of the key factors 
for success, given the novelty of the technology. CDMOs that start in this industry will pave the way for other 
industries and set the precedent for efficient production. By relying on process know-how and valuable data 
acquisition, the CDMO may establish defensibility and competitiveness like the Foundries in the 
semiconductor industry.  
 
Nonetheless, CDMOs will need to continue to improve upon their technology, make new learnings, and invest 
in new technologies to continue to stay ahead of production and add value for start-ups looking to 
commercialize their products. To follow the patent strategy of semiconductor foundries, CDMOs should file 
patents on every new technological innovation to maintain their competitive advantage over future CDMOs.  

 

 
15 Evonik recognized as a leading contract manufacturing organization for pharmaceuticals (no date). Available at: 
https://healthcare.evonik.com/en/evonik-recognized-as-a-leading-contract-manufacturing-organization-for-the-pharmaceutical-industry-f-
153813.html 
16 A nutraceuticals portfolio of advanced health ingredients, coatings, services and finished dosa (no date). Available at: 
https://healthcare.evonik.com/en/nutrition  

https://healthcare.evonik.com/en/evonik-recognized-as-a-leading-contract-manufacturing-organization-for-the-pharmaceutical-industry-f-153813.html
https://healthcare.evonik.com/en/evonik-recognized-as-a-leading-contract-manufacturing-organization-for-the-pharmaceutical-industry-f-153813.html
https://healthcare.evonik.com/en/evonik-recognized-as-a-leading-contract-manufacturing-organization-for-the-pharmaceutical-industry-f-153813.html
https://healthcare.evonik.com/en/evonik-recognized-as-a-leading-contract-manufacturing-organization-for-the-pharmaceutical-industry-f-153813.html
https://healthcare.evonik.com/en/nutrition
https://healthcare.evonik.com/en/nutrition
https://healthcare.evonik.com/en/nutrition
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Continuous manufacturing for alternative protein CDMOs 
 
Compared to the biopharmaceutical industry, the food production industry has significantly less regulatory 
hurdles and clinical trials that need to be passed for commercialization. For investors, this decreases the risk 
of investing in a new platform to manufacture products, because the likelihood of the product being denied 
market-access is low, and products can be more easily modified to meet regulation requirements.  
 
In comparison to the biopharma industry, the alt protein production method benefits from simpler protein 
extraction and harvesting processes. The main hurdle for continuous manufacturing for biopharma is the DSP 
integration, due to stringent requirements for purity and use of chromatography. This hurdle is not present 
for the alt protein industry. Moreover, host organisms can still be developed to benefit continuous 
manufacturing at this early stage of R&D for many start-ups and set the precedent for future start-ups or 
novel products. Further proof of concept will however be required to encourage CMOs to invest in continuous 
rather than batch fermentation assets.  


