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The Digest's 2026 Multi-Slide Guide 
to Field-Deployable Biocatalysis
Biology acts in the field; agricultural biologicals are made centrally and applied locally. Modeled 
on-site enzyme production at a biorefinery instead depends on supplier margin, not proximity.
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A Category Growing Fast in the Field
Deployment

Biology acting in the field does not establish that the product is made there. The manufacturing question is whether local production offers an economic advantage 
over central manufacture and distribution.

• Nitrogen-fixing microbes deliver their intended effect at crop roots; seed 
treatments and biostimulants likewise depend on activity at the seed or in 
soil. 

• Switch Bioworks began authorized Midwest corn field trials in June 2026 to 
test whether engineered microbes establish on roots and deliver nitrogen. 
Field trials are not commercial performance evidence. 

• Jord BioScience reported a 2.6-bushel-per-acre average soybean yield 
advantage for its 9311 biostimulant across three years of trials; this is a 
company-reported result, not independent validation. 

• Agricultural biologicals are projected to grow from $18.44 billion in 2025 to 
$34.99 billion in 2030, a 13.7% CAGR. These consultant estimates 
describe a market forecast, not measured growth.

Field activity and commercial momentum
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Two Decisions Hidden in One Word
Topology

“Field-deployable” describes the site of biological action, not necessarily the site of manufacture. Treating point-of-use application as distributed 
manufacturing confuses an agronomic requirement with a separate economic decision.

• Nitrogen-fixing microbes must function at crop roots; seed treatments act on or near the seed. 
• Seed, root, and soil activity makes application intrinsically local: the biological effect occurs where the crop grows. 
• Farmers receive a formulated product through agricultural-input channels and apply it at the point of use. 
• A local agronomic response establishes where the product works, not where its microbes were produced.

Where the biology 
acts

• Fermentation and formulation can occur at a central facility before finished product is shipped to growers. 
• Manufacturing location depends on production scale, quality control, product stability, and freight per unit of agronomic effect. 
• Centralized batch records and quality release can support consistent product supply across multiple growing regions. 
• High value density can make shipping economical; local application alone does not justify local production.

Where the product 
is made
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2025 2030

34.99

18.44

Market size (USD billions)

Testing the Growth Number
Growth

The cited agricultural biologicals forecast rises from USD 18.44B in 2025 to USD 34.99B in 2030, implying 13.7% annual growth. Treat this as a consultant projection, 
not evidence of historical growth or support for the proposed 30–50% CAGR.

• The cited forecast increases from USD 18.44B in 
2025 to USD 34.99B in 2030, equivalent to 13.7% 
CAGR. 

• Other syndicated estimates cluster at 12–16%; 
present the range as consultant projections, with 
differing forecast definitions possible. 

• No credible source located supports the concept’s 
30–50% CAGR claim since 2021; remove it from 
investment materials. 

• The forecast is not measured historical growth; 
absent comparable incumbent-input data, a relative 
growth advantage cannot be claimed.

Agricultural biologicals market forecast (USD billions)

Use sourced 12–16% projections; 
the proposed 30–50% CAGR is 

unsupported.

Forecast versus unsupported claim
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Where the Biology Must Act
Deployment

Application location is fixed by agronomy, not by manufacturing preference: the 
biology must function at the seed, root, or soil. “Field-deployable” describes that 
point-of-use action, not a distributed-production topology.
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• Nitrogen-fixing microbes must establish near living roots to convert atmospheric 
nitrogen into a form available to the crop. Their useful activity occurs in the field, 
not at the fermentation plant. 

• Seed-applied microbes meet the plant at the seed surface and emerging root. 
Performance depends on establishment and function in the local crop environment. 

• Switch Bioworks’ 2026 Midwest corn trials test whether engineered microbes 
establish on roots and activate nitrogen production under field conditions; results 
were not reported in the cited announcement. 

• Jord BioScience reports a 2.6-bushel-per-acre soybean yield advantage across 
three years of trials for its microbial biostimulant. This vendor-reported field 
outcome does not establish where the product was manufactured. 

• Central fermentation can produce and formulate the biological; distribution brings it 
to the grower. Local application is necessary for agronomic action, but it does not 
imply local production.

Agronomic action occurs at the point of use
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Where the Leading Product Is Made
Case Study

Pivot Bio's field-applied nitrogen-fixing microbes are manufactured centrally, not on farms. Its claimed high value density reduces the freight rationale for local 
production; the 1/20,000 volume comparison is vendor framing, not independently verified.
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• Nitrogen-fixing microbial product applied where crops grow 
• Manufacturing consolidated in Hazelwood, Missouri 
• 110,000 sq ft distribution center in Omaha, Nebraska 
• Facilities: reported; volume comparison: vendor claim

Pivot Bio at a 
glance

• Field application of a nitrogen-fixing microbe can be 
mistaken for field-level manufacture, although these 
are separate operational decisions. 

• Calling this flagship product distributed manufacturing 
obscures its central production site and the physical 
distribution needed to reach growers. 

• A claimed comparison with urea's volume is not 
independent evidence of nitrogen equivalence or a 
quantified reduction in shipping costs.

• Pivot Bio manufactures its biological product centrally 
in Hazelwood, Missouri, rather than producing it on 
individual farms. 

• A 110,000-square-foot Omaha distribution center 
supports shipment through the agricultural supply 
chain before field application. 

• The company frames its product as 1/20,000 the 
volume of urea for equivalent nitrogen, a vendor 
claim not independently verified. 

• High claimed value density weakens the freight-
based case for local plants; the biology still acts 
locally at the crop.

Misread topology Actual operating model
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Value Density Decides Manufacturing Geography
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Freight rationale

A directional shorthand, not a measured freight rate: 
low shipment volume weakens the logistics case for 
local production.

Manufacturing hub

Pivot Bio reports centralized manufacturing in 
Hazelwood, Missouri, with distribution through its 
Omaha center—not on-farm production.

Volume versus urea

Pivot Bio's claimed product volume for equivalent 
nitrogen effect; this vendor comparison has not been 
independently verified.

1/20,000 ~0% 1

Topology

Reducing product volume weakens the freight argument for local factories. Central manufacture can retain scale and unified quality release while 
distribution brings the biology to the seed, root, or soil.
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Distribution Wins Only Where Something Cannot Move
Topology

Local production needs a demonstrated constraint on moving the input or output, or a separate make-versus-buy advantage. The leading microbial 
example instead supports central manufacture and local application; its claimed value density reduces, rather than creates, a freight-based case for local 
plants.

• Pivot Bio reports central manufacturing in Hazelwood, Missouri, and distribution through an Omaha center—not production at each farm. 
• Its stated product volume is 1/20,000 that of urea for equivalent nitrogen; this is a vendor claim, not an independently verified comparison. 
• Low shipment volume per unit of claimed agronomic effect weakens the freight argument for local microbial plants. Central production can 

concentrate fermentation and quality release.

High-value-
density biologics

• Urea provides the comparison: delivering an equivalent nitrogen quantity entails much more physical volume than Pivot Bio claims for its 
microbial product. 

• Greater freight exposure can make regional supply economically relevant, but transport cost alone does not establish that decentralized 
urea manufacture is preferable. 

• Manufacturing geography depends on delivered cost, including plant scale, feedstocks and distribution—not simply on where fertilizer is 
applied.

Bulky commodity 
inputs

• If a biological product could not retain activity during shipment or storage, proximity might justify local manufacture. 
• The available evidence does not establish that current field biologicals face a shipment-limiting stability constraint. 
• On-farm production in Brazil could test local supply against central manufacture, but the cited cost and contamination review was not 

retrieved; its results remain unknown.

Perishable or 
unstable biology
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The One Quantified Local-Production Case
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On-site enzyme cost

Modeled enzyme cost per gallon of 
ethanol; the corresponding minimum 
ethanol selling price was $2.15/gal.

Purchased enzyme cost

Using the reported Chinese industrial 
enzyme price, the model put enzyme 
cost at $1.66/gal ethanol and minimum 
selling price at $3.46/gal.

On-site protein cost

Modeled cellulase production cost per 
kilogram of protein at a host 
biorefinery.

$4.24/kg
$0.34/
gal

$1.66/
gal

Savings versus off-site

Modeled cellulase cost reduction 
versus off-site production; on-site 
wastewater and utilities raise installed 
equipment cost.

Up to 
30%

Economics

On-site cellulase offers a modeled cost advantage at a host biorefinery, but requires additional wastewater and utility capital. These are 2007-dollar 
model results, not demonstrated operating-plant savings.
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Where That Advantage Really Comes From
Economics

Modeled on-site cellulase costs up to 30% less than off-site production, but the larger comparison with purchased enzyme reflects supplier pricing. 
Local production pays only while the avoided supplier margin exceeds the added costs of host-site integration.

• On-site cellulase was modeled at $0.34 per gallon 
ethanol; the purchased-price comparison was $1.66 
per gallon, using the study’s inputs. 

• Against off-site production cost—not the market 
purchase price—modeled on-site savings reached 
only up to 30%. 

• The larger purchase-price gap primarily reflects the 
enzyme supplier’s margin; it is not evidence of a 
comparable freight saving. 

• On-site production adds wastewater and utility 
capital, so compare fully installed costs with actual 
supplier quotes. 

• If purchased prices approach production cost, the 
avoided margin shrinks and buying may become 
cheaper than making on-site.

Modeled cellulase economics: production-cost gap versus purchased-price gap

On-site cellulase Purchased enzyme (Chinese industrial price)

1.66

0.34

Enzyme cost (USD per gallon of ethanol)

The make-versus-buy case 
depends more on supplier margin 

than on proximity.

Make-versus-buy boundary
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The Commercial Test That Did Not Survive
Case Study

Clariant shut its Podari plant during ramp-up, ending the sole cited commercial deployment built around on-site enzyme production. The reported failure was plant-
wide economics; it does not establish that the enzyme block caused the shutdown.
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• Commercial cellulosic ethanol plant using Clariant's sunliquid technology. 
• Integrated on-site enzyme production was a core process feature. 
• Podari was the cited commercial deployment of this local-production architecture. 
• Evidence status: reported company shutdown and financial charges.

Clariant 
sunliquid | 
Podari, Romania

• The integrated plant had to make cellulosic ethanol 
economically viable through commercial ramp-up, not 
merely demonstrate enzyme production on site. 

• On-site enzyme production added a process block, 
but public reporting does not isolate its costs or 
performance from the rest of the plant. 

• Clariant concluded that Podari's plant-wide 
economics could not justify continued ramp-up; the 
enzyme block was not identified as the cause.

• Clariant shut the Podari plant in December 2023 
rather than continue ramp-up under the prevailing 
plant-wide economics. 

• The closure brought an impairment of approximately 
CHF 110 million and expected restructuring charges 
of CHF 60–90 million. 

• The commercial deployment ended without a 
disclosed operating comparison showing whether on-
site enzymes beat purchased supply.

Ramp-up economics Shutdown and reported outcome
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The Alternative Explanation
Attribution

Podari is evidence of a plant-wide commercial failure, not a controlled test of on-site enzyme production. Whether that architecture pays remains a separate make-
versus-buy question requiring block-level operating and cost data.

• Clariant shut its sunliquid plant in Podari, Romania, in December 2023 
after concluding that plant economics could not justify continued ramp-up. 

• The closure was accompanied by approximately CHF 110 million in 
impairment and CHF 60–90 million in restructuring charges. 

• Integrated on-site enzyme production was a core feature of sunliquid, but 
the published explanation addresses the plant as a whole. 

• The reported outcome establishes that this commercial deployment did not 
survive ramp-up; it does not isolate which process blocks drove the 
economics.

What the reported record establishes

• No disclosed block-level cost comparison identifies on-site enzyme 
production as the cause of Podari’s shutdown. 

• The closure therefore does not prove that making enzyme at the host site 
is inherently uneconomic. 

• Equally, integration at a commercial plant does not prove that the enzyme 
block delivered its modeled savings. 

• Assess the architecture with actual purchased-enzyme prices, installed 
wastewater and utility costs, and sustained host-site operating data—not 
the closure alone.

What the shutdown cannot establish
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The Frontier the Evidence Cannot See
Evidence Gap

On-farm production in Brazil is a potential test of whether field biologicals should be made near their use. It is an evidence gap—not evidence that distributed 
manufacturing pays.

• Brazilian on-farm bioinput production is reportedly a substantial example of 
distributed biomanufacturing, but its scale has not been verified here. 

• A 2025 review reportedly quantifies production costs and contamination; 
the Library could not retrieve it, so neither its figures nor conclusions can 
be used. 

• The decisive comparison is on-farm production versus centrally 
manufactured bioinputs delivered to the same growers, including quality 
control, contamination risk and total delivered cost. 

• Until the review is obtained and assessed, no cost advantage, safety 
outcome or superiority of local manufacture can be asserted.

What remains unverified
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Where Each Step Belongs
Deployment

The supported architecture is central manufacture followed by local application. On-site enzyme production is a conditional make-versus-buy exception at an existing 
host facility, not a general model for field biologicals.
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• Ferment and formulate at scale in a central 
facility; keep batch records and quality 
release at that site. 

• Ship through agricultural input channels. 
Pivot Bio reports central manufacturing and 
frames its product volume as 1/20,000 of 
urea for equivalent nitrogen—a company 
claim, not independently verified. 

• High value density weakens the freight 
rationale for building local production plants.

Manufacture centrally

• Consider on-site enzyme production where 
an existing biorefinery can host it and 
purchased-enzyme supplier margins are 
substantial. 

• Compare against actual purchase prices 
and include wastewater, utilities and other 
installed capital; a model estimates up to 
30% savings versus off-site production. 

• Stress-test falling supplier prices and 
demonstrate a full operating year. The 
reported savings are modeled, not verified 
by a plant-level comparison.

Produce locally only as an exception

• Deliver the manufactured product to the 
point of crop use through agricultural input 
channels. 

• Apply it at the seed, root or soil, where its 
biological function must occur. 

• Track field response and repeat purchasing; 
field application alone does not establish 
distributed manufacturing.

Apply locally

• Formulated biological product 
• Released batches and quality records 
• Distribution-ready inventory

• Host-site make-versus-buy model 
• Installed-cost estimate 
• Full-year integration evidence

• Product delivered to growers 
• Seed, root or soil application 
• Measured agronomic response
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What Strong Operators Disclose
Operations

Strong operators disclose where production occurs, how quality is released and what price makes local production worthwhile. Field application 
establishes biological function—not a case for manufacturing near the field.

• Identify the fermentation and formulation site and trace the route through distribution to field application; central manufacture is not 
distributed production. 

• Release centrally against documented specifications, with batch records that connect production lots to shipped product. 
• Name and date the source behind market-growth claims; label the 12–16% CAGR range as consultant projections, not observed historical 

growth.

Manufacturers

• Compare full on-site cost with the actual contracted purchase price, then test whether savings survive a reduction in supplier margin. 
• Include wastewater treatment, utilities and other host-site integration costs in installed-capital and operating-cost estimates. 
• Show reliable integration across a full operating year; a process model or pilot alone does not establish commercial savings.

On-Site Enzyme 
Producers

• Cites a 30–50% CAGR without a credible source or presents forward estimates as measured growth. 
• Calls a centrally fermented and shipped biological a form of “distributed manufacturing” simply because it acts in the field. 
• Calculates enzyme savings against supplier list prices without testing negotiated prices, supplier response or added site capital.

Weak Practice
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Executive Action
Decision

Evidence favors a hybrid architecture: centralized manufacture and point-of-use application. Local enzyme production is a conditional supplier-margin arbitrage, not 
the default deployment strategy.

• Evaluate field biologicals as centrally manufactured products applied at seed, root or soil; local biological action does not imply local 
production. 

• Underwrite fermentation scale, batch-level quality release and ag-input distribution rather than a distributed-manufacturing network. 
• Use sourced 12–16% agricultural-biologicals CAGR projections, explicitly labeled consultant estimates; remove the unsupported 30–50% 

claim. 
• Assess on-site enzyme with make-versus-buy sensitivity to actual purchased prices, supplier margins, and wastewater and utility capital.

Underwrite the 
evidenced 
operating model

• Do not designate field biologicals a “primary category-investment priority”; this evidence base cannot establish that ranking. 
• Do not credit distributed manufacturing for agronomic outcomes delivered by centrally made products applied locally. 
• Do not treat modeled on-site enzyme savings as a proven proximity benefit; the advantage can vanish if supplier prices approach 

production cost. 
• Do not infer equipment-integration adoption effects or on-farm production economics without field and operating data.

Exclude claims 
the evidence 
cannot support
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