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The Digest's 2026 Multi-Slide Guide 
to Containerized Fermentation 
Systems
The reactor fits in a container; the commercial process rarely does. A ~2,000-litre single-use 
ceiling limits volume, while verified modular deployments remain centralized—not point-of-use.
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Executive Summary: Physics Sets the Limit Before Markets Do
Summary

A container can house a fermentation train, but it cannot eliminate vessel limits or the cost of multiplying trains. The evidence supports modular construction at 
centralized sites, not commercial point-of-use production.
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• Single-use vessels typically top out near 2,000 
L; exceptional designs reach 5,000–6,000 L. 
Hydrostatic pressure on the film limits vessel 
size. 

• Industrial fermentation uses 100,000–500,000 
L vessels—roughly 50–250 times the typical 
single-use capacity. 

• A larger annual output therefore requires more 
parallel vessels, not one proportionally larger 
containerized vessel.

The Physical Ceiling

• Adding parallel trains increases capacity but 
pushes capital scaling toward linear: each train 
needs its own equipment rather than capturing 
conventional scale-up savings. 

• A meta-analysis of 55 techno-economic models 
finds fermentation scale economies particularly 
above ~2,000 t/yr; the threshold is directional, 
not a fixed cutoff. 

• Distributed regulated sites also replicate quality 
and approval work. Proximity must offset both 
sub-scale production costs and per-site 
overhead.

The Economic Reality

• Verified modular biomanufacturing deployments 
in the evidence base are centralized facilities 
assembled from modules; prefabrication does 
not imply distributed production. 

• No commercial point-of-use containerized 
fermentation installation with disclosed output 
was found in the evidence base. 

• Centralized, modular-built production is the 
supported architecture. Point-of-use remains a 
conditional proposition for high-value products 
that cannot travel.

The Deployment Verdict

Size the required annual output against the ~2,000 L vessel ceiling before choosing a site. For products that ship, centralized production retains the 
stronger economic case; point-of-use containerized fermentation remains unproven.
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The Container Promise: Point-of-Use Bioproduction Pitched for Farms, Food and Regional Pharma

Promise

The point-of-use promise rests on proximity creating value for farms, food 
processors or pharma customers. Agricultural microbials, fresh enzymes and 
regional pharma intermediates are proposed applications—not demonstrated 
containerized-fermentation deployments.
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• A container or pod houses a small fermentation train near the customer, 
replacing shipments from a distant central plant with local production. 

• For farms, the proposed output is agricultural microbials made near application 
sites; the premise is that shorter delivery routes improve availability. 

• For food processors, the proposed output is fresh enzymes made beside the 
production line, avoiding storage and transport of finished product. 

• For regional pharma, the proposed output is intermediates manufactured near 
downstream users, with capacity added by deploying more small units. 

• These are proposed use cases, not verified commercial successes in the 
evidence base. Their case depends on a specific product benefit from proximity 
that outweighs smaller-scale production.

The proposed point-of-use model
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The Container Test: Does the Whole Commercial Process Fit, Not Just the Reactor?
Feasibility

A reactor may fit inside a container while the economics of the complete commercial process do not. Size the annual requirement against the vessel ceiling, then test 
whether an immovable product can justify parallel-train and per-site costs.

• Start with required annual output, not container count. At roughly 2,000 L 
per single-use vessel, higher volume requires more batches or parallel 
trains rather than a substantially larger vessel. 

• Parallel trains add reactors, utilities and operating work without the same 
per-unit savings as scaling up one vessel. Capital cost therefore moves 
closer to proportional growth with capacity. 

• A point-of-use network also repeats site-level quality assurance, product 
release and regulatory change control. Those costs must be included 
alongside the equipment—not omitted from a skid quote. 

• Proximity earns its premium only when the output cannot practically travel 
and its value per unit is high enough to cover sub-scale production. 
Otherwise, a larger central facility can make and ship it more cheaply.

The volume-to-cost test
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Modular Is Not Distributed: Every Verified Deployment Is a Centralized Facility
Case Study

Prefabrication changes how a plant is built, not where production occurs. Verified modular biomanufacturing examples are centralized facilities; a modeled seven-
month schedule gain comes with a 12% capital premium, not evidence for point-of-use manufacturing.
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• Podular and stick-built bioprocess facilities 
were compared in a 2021 consultant model. 

• Modeled podular facility: $88.12M and 20 
months. 

• Modeled stick-built facility: $78.84M and 27 
months. 

• KUBio, BioNTainer and podular cleanrooms 
are modular facility examples.

Modular biomanufacturing overview

• A stick-built bioprocess plant takes 27 months in the cited model, delaying capacity even when the 
manufacturing site is defined. 

• Prefabricated pods can shorten construction, but that does not show production can be split among 
customer-adjacent sites. 

• Reported installation counts can overstate deployment evidence when they mix KUBio and FlexFactory 
product lines with verified operating sites.

Problem: schedule pressure is mistaken for a geography case

• Use prefabricated modules at one central site when a seven-month schedule gain warrants the modeled 
$9.28M, or 12%, capital premium. 

• Apply the independent BioPhorum and Cytiva 5–10% premium estimates as benchmarks, not as proof of 
point-of-use economics. 

• Classify verified KUBio, BioNTainer and podular-cleanroom deployments as centralized facilities unless 
site-level evidence shows otherwise. 

• Exclude KUBio Wuhan as a clean success proof point: executives were criminally convicted, and the 
facility's assets were sold.

Finding: prefabricate centrally; do not infer distribution
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What Prefabrication Actually Buys: Schedule Certainty, Not Geography
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Stick-built capex

Modeled cost of the 
conventional alternative, 
with a 27-month delivery 
schedule.

Capital premium

The modeled podular 
facility costs $9.28M 
more than stick-built 
construction.

Podular capex

Modeled cost of a 
prefabricated bioprocess 
facility, with a 20-month 
delivery schedule.

$88.12
M

$78.84
M +12%

Schedule saved

Prefabrication reduces 
modeled delivery time 
from 27 to 20 months.

~7 
month
s

Benchmark premium

BioPhorum and Cytiva 
independently estimate 
this capital premium for 
modular bioprocess 
facilities.

5–10%
Centralized 
deployments

All verified modular 
deployments in the 
reviewed evidence are 
single centralized 
facilities, not point-of-use 
networks.

100%

Prefabrication

Prefabrication can buy a shorter build schedule, but the modeled facility costs more. Modular construction does not establish distributed 
manufacturing: the verified deployments remain centralized.
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The Two-Thousand-Litre Ceiling: A Hard Physical Boundary
Physics

Single-use fermentation vessels practically top out near 2,000 L because liquid pressure loads the flexible film. Industrial fermenters operate at 100,000–500,000 L, 
leaving a 50–250× vessel-volume gap that a container cannot close by making one vessel larger.

• Hydrostatic pressure on flexible film sets the 
practical single-use limit near 2,000 L; this is a 
vessel constraint, not a demand forecast. 

• Exceptional single-use vessels reach roughly 5,000–
6,000 L, still far below industrial fermenters. 

• Industrial fermentation vessels span about 100,000–
500,000 L: 50–250 times the practical single-use 
ceiling. 

• Only about 20 facilities globally have tanks above 
100,000 L; the largest industrial vessels are not 
universal. 

• The ceiling is supported by measured or 
demonstrated equipment evidence from ABEC, 
Thermo Fisher and Synonym.

Typical vessel volumes (litres; logarithmic scale)

A 100,000 L industrial fermenter 
holds 50× the practical 2,000 L 

single-use vessel ceiling.

The vessel-volume gap
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Number-Up Is Not Scale-Up: Parallel Trains Push Capital Toward Linear Scaling
Economics

Number-up solves the volume constraint but largely forfeits the capital economy of a larger fermenter. Proximity must deliver enough product-specific 
value to cover both replicated trains and any additional site overhead.

• Industrial fermenters operate at roughly 100,000–500,000 L per vessel, versus a practical ~2,000 L single-use ceiling. 
• Increasing vessel size spreads controls, utilities, installation and staffing across more output; capital per unit of capacity can fall. 
• A sublinear capital exponent describes genuine scale-up: doubling capacity costs less than twice as much. 
• That advantage depends on increasing the size and utilization of the production train—not merely adding identical trains.

Scale-up: larger 
vessels dilute 
fixed costs

• Film pressure limits most single-use vessels to ~2,000 L; 5,000–6,000 L vessels are outliers. 
• Above that limit, four parallel 4,000 L vessels yield 16,000 L of working capacity, but require four vessels and associated train equipment. 
• Repeating complete trains pushes the capital exponent toward 1.0: twice the capacity approaches twice the train capital, not a discounted 

scale-up. 
• Distributed sites compound the penalty by repeating quality oversight, release arrangements and potentially site-specific regulatory 

submissions. 
• A 0.6 scale exponent applied to parallel trains would understate installed capital; cost each replicated train and site explicitly.

Number-up: 
capacity rises, 
savings do not
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Where Fermentation Scale Economies Begin
Economics

A meta-analysis of 55 techno-economic models places material 
fermentation scale economies above roughly 2,000 tonnes per year; gas 
fermentation becomes attractive above roughly 15,000 tonnes per year. 
Both thresholds are modeled directional bands, not demonstrated 
operating-plant cutoffs.

• Across 55 techno-economic models, fermentation scale economies 
become particularly material above ~2,000 t/yr (GFI, June 2025). 

• Gas fermentation models place economic attractiveness above ~15,000 
t/yr—7.5 times the broader fermentation threshold. 

• A ~2,000 L vessel rating is volume per batch, not annual tonnes; output 
depends on yield, cycle time and utilization. 

• Reaching bulk-product volumes with small vessels requires parallel 
trains rather than a larger single vessel, limiting scale benefits. 

• Treat both thresholds as directional modeling results, not universal 
break-even points or proof from operating plants.

Modeled annual-output thresholds for fermentation economics (tonnes/year)

Fermentation scale economies Gas fermentation attractiveness

15000

2000

Annual output threshold (tonnes/year)

Gas fermentation’s modeled threshold 
is 7.5× the broader fermentation 

scale-economy threshold.

Economic crossover

Economic crossover
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Case Study: Solar Foods Chooses Size Over Replication
Case Study

Solar Foods is pursuing one much larger gas-fermentation plant rather than copies of its first factory. Announced capacity and first-phase spending imply sharply 
lower capital per kilogram of annual capacity, but this is an illustrative scale comparison—not evidence about containers.
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• Produces single-cell protein using gas 
fermentation. 

• Factory 01: €42 million invested; maximum 
capacity of 160 t/yr. 

• Factory 02: planned capacity of 12,800 t/yr. 
• Factory 02 first phase: approximately €134 

million announced. 
• Capacity-based capital figures are derived, not 

reported unit costs.

Solar Foods overview

• Factory 01 cost €42 million for a maximum rated output of 160 tonnes per year, giving high capital 
intensity at small scale. 

• That pairing implies roughly €262 per kilogram of annual nameplate capacity before utilization or operating 
costs enter the calculation. 

• Replicating Factory 01 to reach bulk-product volumes would multiply small-factory investments rather than 
capture larger-plant economies. 

• Factory 01 bears first-of-a-kind costs, so its capital intensity cannot be treated as a mature, repeat-build 
unit cost.

Small-plant economics

• Solar Foods is advancing Factory 02 as a larger plant rather than announcing replication of Factory 01-
sized production units. 

• Dividing the announced €134 million first-phase investment by 12,800 t/yr yields about €10.5 per kg of 
annual capacity. 

• The headline comparison implies roughly 25× lower capital intensity; a more conservative reading 
suggests about 6–8×. 

• Factory 02 remains planned, and this gas-fermentation comparison illustrates scale economics rather than 
container performance.

One larger factory
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The Lever That Works at Small Volume Is Productivity, Not Location
Economics

At small volume, improve the process before changing its location. Pow.bio 
demonstrates a productivity gain, not an economic case for distributed 
containerized plants.

11

• Pow.bio transferred its process from 2 L to 300 L to 3,000 L, demonstrating 
more than 300 hours of continuous operation and over 2.5× fed-batch 
productivity. 

• An industry rule of thumb puts the gains in perspective: doubling scale lowers 
COGS by roughly 1.4×, while doubling titer lowers COGS by roughly 2×. 

• Titer and operating productivity are operator-controlled levers; moving the same 
process closer to customers does not itself improve either measure. 

• The 3,000 L demonstration remains roughly 50× smaller than a 150,000 L 
commodity fermenter. Pow.bio is not established as a containerized or point-of-
use deployment.

Process intensity beats proximity



Copyright 2026 CONFIDENTIAL | DRAFT

Testing the Ag-Microbial Premise: Centralized Manufacturing, Not the Farm
Case Study

Pivot Bio manufactures centrally and ships through a distribution hub rather than fermenting at farms. Its claimed low shipment volume weakens the freight rationale 
for point-of-use production; Brazilian on-farm bioinputs remain an unresolved counterexample.
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• Agricultural microbial product intended to 
supply nitrogen to crops. 

• Manufacturing is reported at a centralized 
facility in Hazelwood, Missouri. 

• Distribution runs through a 110,000 sq ft center 
in Omaha, Nebraska. 

• The shipment-volume comparison is a 
company claim, not independently verified.

Pivot Bio overview

• Agricultural microbials are often presented as a reason to place containerized fermentation at farms, close 
to the point of application. 

• That argument depends on avoided shipping costs being large enough to offset duplicated fermentation, 
staffing, and quality controls. 

• Pivot Bio's reported supply chain instead uses centralized production and distribution, challenging the 
claim that farm-side manufacture is necessary.

Point-of-use premise

• Pivot Bio produces at Hazelwood and distributes from Omaha rather than installing fermentation trains at 
individual farms. 

• Pivot Bio claims its product needs 1/20,000 the volume of urea for equivalent nitrogen, weakening the 
freight case for local production. 

• Centralized manufacture lets one production network serve multiple markets without replicating 
fermentation operations at every point of use. 

• Reassess the broader ag-microbial conclusion when primary evidence on Brazilian on-farm bioinput 
production becomes available.

Observed operating model
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The Regulatory Multiplier: Each Distributed Site Adds Its Own Approval Layer
Regulation

Distributed regulated production multiplies approval and quality obligations by location. A container does not make manufacturing-site changes or release oversight 
disappear; the US has no established distributed-pharma pathway.

• The FDA’s 2022 distributed-manufacturing discussion paper has not 
resulted in guidance establishing a US distributed-pharma pathway. 

• FDA analysis warns that relocating a unit may trigger a manufacturing-site-
change submission; bioequivalence may be required for each move. 

• The UK regime, effective 23 July 2025, permits decentralized 
manufacturing under oversight from one designated Control Site—not 
independent approval-free sites. 

• The FDA’s FY2026 domestic generic-drug facility fee is $238,943 per site 
annually. This is an order-of-magnitude illustration, not a biologics fee. 

• Each additional regulated location needs quality controls and change 
management. Proximity must generate enough value to cover that 
recurring site-level burden.

Location multiplies regulated obligations
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Where Proximity Is Intrinsic: The Point-of-Care Analogue
Case Study

Patient-specific CAR-T demonstrates why proximity can matter: the product is personal and time-sensitive. Yet a peer-reviewed simulation favors centralized supply at 
today's demand; this is a boundary case for fermentation, not proof of point-of-use fermentation.
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• Patient-specific cell therapy; an analogue, not 
fermentation. 

• Manufacturing near the treating hospital can 
shorten the supply chain. 

• Reported point-of-care cost: $47,831 per 
patient (n=10). 

• Reported vein-to-vein time: nine days (n=10).

Point-of-care CAR-T

• Each CAR-T batch is made for one patient, making identity control and time to treatment central to the 
manufacturing decision. 

• A patient-specific, time-sensitive therapy creates a stronger case for local production than a fermentation 
product that can be stored and shipped. 

• Local manufacture still needs trained staff, quality release and enough patient demand to utilize its 
dedicated production capacity.

Why proximity matters

• A measured point-of-care program produced patient-specific CAR-T at $47,831 per patient with nine-day 
vein-to-vein time (n=10). 

• A peer-reviewed simulation found centralized supply significantly advantaged at current demand of a few 
thousand therapies per year. 

• Proximity is therefore defensible when the product cannot travel, but that condition alone does not 
establish a local cost advantage.

What the evidence finds
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What the Evidence Cannot Show
Evidence

The evidence supports centralized facilities assembled from modules, not 
commercial point-of-use containerized fermentation with disclosed output. Treat 
proposed applications as hypotheses until site-level operation and full-year 
production are documented.
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• No commercial point-of-use containerized fermentation installation with disclosed production 
output was found in the evidence base. An installed module or stated nameplate capacity is 
not demonstrated annual output. 

• “Fresh enzymes at food processors” and “regional pharmaceutical intermediates” are not 
substantiated success categories. Neither has a documented operating installation and 
reported output in the Library. 

• Indigo, Sartorius Stedim and Univercells are not verified here as point-of-use deployment 
examples. Supplier offerings and company references cannot establish operating 
geography or production performance. 

• The cited USDA biomanufacturing programs and EU GMP mobile provisions do not 
substantiate a deployment pathway in this evidence base. No US distributed-pharma 
guidance has been issued following FDA’s 2022 discussion paper. 

• Brazilian on-farm bioinput production remains an important unresolved exception: the 
relevant 2025 review was not retrieved. Its absence limits any categorical claim that 
distributed microbial production does not exist.

Claims without deployment proof
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Where Containerized Fermentation Belongs: The Deployment Envelope
Deployment

Single-use vessels typically top out near 2,000 L; exceptional designs reach 
5,000–6,000 L. 

Hydrostatic pressure on the vessel film constrains further scale-up. 

Industrial fermenters hold 100,000–500,000 L; exceeding the single-use 
ceiling requires parallel trains.

Physical boundary

Distributed regulated sites replicate quality release, site controls and approval 
obligations. 

The US has no established distributed-pharmaceutical manufacturing 
pathway; relocating a unit may trigger a site-change submission. 

The UK's decentralized regime uses one Control Site for oversight rather than 
independent release at every location.

Regulatory boundary

A meta-analysis of 55 techno-economic models places material fermentation 
scale economies particularly above ~2,000 tonnes per year. 

For gas fermentation, modeled economic attractiveness begins above 
~15,000 tonnes per year. 

These directional thresholds sit far beyond a single container-scale train; 
adding trains sacrifices vessel-scale economies.

Economic boundary

The smallest defensible unit is a single-use train within one centralized facility, 
potentially assembled from prefabricated modules. 

Point-of-use requires a product that cannot travel and enough value density to 
absorb sub-scale production. 

Even for patient-specific cell therapy, an analogous non-fermentation case, 
centralization models better at current demand.

Defensible architecture

Containerization suits small-volume, high-value production, but it does not itself justify distributed siting. Evidence favors a centralized, modular-built facility; 
commercial point-of-use containerized fermentation with disclosed output remains unverified.
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Leader vs. Laggard: What Strong Deployments Show
Execution

The leader proves annual, releasable output and the full installed and regulatory cost before replication. The laggard prices containers and assumes 
proximity or parallelization will create savings that neither has demonstrated.

• Size required annual output against the ~2,000 L single-use vessel ceiling; calculate parallel trains before selecting a container. 
• Name the product property that prevents shipping; otherwise compare against centralized production. 
• Quote total installed cost, define its scope, and add an explicit first-of-a-kind premium when extrapolating from pilot. 
• Use one quality system and release authority; document site equivalence and budget fees, submissions and change control per site. 
• Demonstrate a full year of released output near design rate before ordering unit two—not just operation at minimum stable rate.

Strong execution: 
prove the 
complete 
production case

• Call a plant “point-of-use” without identifying why its product cannot travel. 
• Apply a 0.6 scaling exponent to parallel trains, implying scale savings that number-up does not deliver. 
• Count containers or nameplate litres as output without accounting for uptime, productivity and product release. 
• Present skid price as plant cost, omitting utilities, cleanrooms, quality systems and site installation. 
• Move or add units without a budget for site-change submissions, re-approval and replicated quality oversight.

Weak execution: 
confuse modular 
hardware with 
viable capacity

17
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Executive Action: Size First, Site Second
Decision

Evidence favors centralized, modular-built production. Approve point-of-use only 
when an immovable product and demonstrated annual output justify the scale and 
per-site quality costs.

18

• Size the process first: state required annual output, batches and parallel trains 
against the ~2,000 L practical single-use vessel ceiling. Do not treat container 
count as production capacity. 

• Require a specific reason the product cannot travel before funding point-of-use 
production. Products that ship reliably favor one centralized facility with a single 
release authority. 

• Buy prefabrication for schedule, not proximity: weigh roughly seven months saved 
against a 5–12% capital premium using total installed cost, not skid price. 

• Treat point-of-use containerized fermentation as unproven: the evidence base 
contains no commercial installation with disclosed output. Require a demonstrated 
full year of output near design rate before ordering unit two. 

• Revisit agricultural microbials when Brazilian on-farm bioinput evidence is 
available; current verified evidence supports centralized manufacturing and 
distribution.

Investment and deployment gates


