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Executive Summary
The most useful bioprocess simulation software comparison starts with the engineering decision.
SuperPro Designer is a strong candidate for recipe-based material balances, equipment sizing and process
economics; Dynochem Biologics is a strong candidate for equipment-level mechanistic calculations and
scale translation; Aspen Plus merits evaluation when batch or continuous bioprocess models must connect to
broader process engineering. These are editorial fit assessments, grounded in documented scope rather than
a measured ranking. SuperPro documents operation-level balances, Dynochem documents oxygen-transfer
and mixing calculations, and Aspen explicitly supports batch and continuous operations. (www.intelligen.com)
(www.scale-up.com) (www.aspentech.com)

For facility scenarios, distinguish recipe timing from finite-capacity scheduling across competing campaigns.
SuperPro's documentation assumes repeated batches of a recipe are identical apart from their timing, while
the separately documented SchedulePro addresses finite-capacity scheduling. Dynochem's scenario tools
and Aspen's batch models should be demonstrated against the buyer's actual shared-resource problem before
accepting them for that task. Aspen's fermentation support is also real: its batch FAQ documents fermentation
kinetics from V14 onward. Calling Aspen Plus continuous-only would misstate the evidence.
(docs.intelligen.com) (www.intelligen.com) (sushelp.scale-up.com) (solutions.aspentech.com)

The reference process below is a Hypothetical Example, with an illustrative US facility cost basis in 2026 US
dollars. A 2,000 L working volume, 5 g/L harvest titer and explicitly assigned step recoveries produce 7.716375
kg of drug substance per batch. At a 16-day cadence and 330 available days, the arithmetic permits 20
complete batches and 154.3275 kg annually. These are original worksheet calculations, not simulator
predictions or observed plant performance. Resin capacity, oxygen-transfer measurements and scale-model
applicability require process-specific evidence; published engineering and regulatory sources explain why
those inputs cannot simply be transplanted between processes. (cdn.cytivalifesciences.com)
(www.eppendorf.com) (www.ema.europa.eu)
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Public, dated, comparable license prices were not established for the publication anchor. Undated prices,
contract entitlements and add-on names cannot support a defensible total-cost ranking. The recommended
purchase test is therefore a common-input proof of concept covering mass closure, parameter fitting, resource
constraints, cost assumptions and reproducible export. US Food and Drug Administration (FDA) guidance
supports oversight proportional to model risk and validation with external data. A tool's ability to compare
predictions with observations, such as Dynochem's Verification feature, is useful evidence of functionality; it
does not independently validate the buyer's process model. (www.fda.gov) (www.fda.gov) (sushelp.scale-
up.com)

Introduction and Background
Bioprocess development engineers, manufacturing science and technology (MSAT) leads, and chemistry,
manufacturing and controls (CMC) teams often ask one software-selection question while carrying several
different modeling jobs. A process-economic model estimates resource consumption and cost. An equipment
model predicts a response under specified physical assumptions. A scheduling model resolves when
equipment and resources are available. The historical comparison indexed by PubMed evaluated Aspen
Batch Plus v1.2 and SuperPro v3.0; those product names and versions must remain attached to its
conclusions. It cannot establish present-day Aspen Plus functionality. (pubmed.ncbi.nlm.nih.gov)

This report compares current documentation retrieved during October 2026 research, with a requested
publication anchor of October 13 and verification conducted October 15. Undated pages are treated as current
observations, not reconstructed historical snapshots. Vendor documentation establishes advertised functions;
independent papers establish study-specific findings; the worked example establishes only its own arithmetic.
General process-validation guidance covers biological products, but does not certify any simulator discussed
here. (www.fda.gov)

The scope is unit-operation, facility and process-economic simulation. Molecular modeling, discovery
informatics and antibody sequence design are outside the selection problem. The organizing question is
whether a proposed model can answer a defined engineering decision using defensible inputs. International
Council for Harmonisation (ICH) modeling guidance begins with defining the model's purpose, a useful
discipline before comparing feature lists. (database.ich.org)

IntuitionLabs' first-party perspective emphasizes selecting governed workflows and deciding what to scale from
observed evidence. Applied here, that means a bounded simulator evaluation with a documented decision,
rather than assuming that installing a modeling platform supplies process understanding. This is an advisory
perspective; the company is not a competing simulator in the comparison. (intuitionlabs.ai)

The practical modeling jobs are:

Mass balance: reconcile material entering, leaving and accumulating in each operation.
Cycle time: distinguish operation duration, batch elapsed time and batch-to-batch cadence.
Equipment sizing: translate flow, volume and loading assumptions into required assets.
Cost of goods: connect consumption and utilization to an explicit accounting boundary.
Scale translation: evaluate which physical similarities matter at the receiving scale.
Sensitivity analysis: determine which uncertain inputs change the decision.
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https://intuitionlabs.ai/articles/molecular-modeling-simulation-software
https://database.ich.org/sites/default/files/Q8_Q9_Q10_Q&As_R4_Points_to_Consider_2.pdf#:~:text=Defining%20the%20purpose%20of%20the%20model.
https://intuitionlabs.ai/#:~:text=implement%20a%20small%20portfolio%20of%20governed%20workflows


These are selection criteria, not claims that every product implements each job identically. Documenting the
intended purpose and assumptions helps keep the jobs separate. (database.ich.org) (database.ich.org) The
European Medicines Agency (EMA) process-validation framework distinguishes process characterization from
process verification, reinforcing the need to identify what evidence a particular modeling exercise supplies.
(www.ema.europa.eu)

SuperPro Designer

Capabilities

SuperPro Designer bioprocess simulation centers on operations and procedures assembled into a process
flowsheet. Intelligen documents mathematical models for material and energy balances, with equipment sizing
derived from the results. That provides a relevant starting point for batch quantities, equipment loads and
resource estimates. The engineer still supplies or justifies the biological yields and operation-specific
assumptions that drive those balances. (www.intelligen.com)

The examples library includes therapeutic monoclonal-antibody production using animal cell culture and a
separate fill-finish process. The latter covers sterile filtration, filling, lyophilization and inspection. These
examples document intended modeling scope; they are not independent measurements of predictive accuracy
for a new product or manufacturing site. (www.intelligen.com) (www.intelligen.com)

Economic analysis allows user-specified equipment purchase costs and explicitly accounts for periodic
replacement of chromatography resins and membrane-filter membranes. Consequently, a review can replace
generic costing assumptions with dated supplier quotations while retaining the process model's consumption
calculations. This is especially useful when the capital-planning question depends on local equipment
specifications or resin-use policy. (www.intelligen.com) (www.intelligen.com)

Adoption

Intelligen publishes a partial list of biotechnology users. Because the retrieved page does not establish the
current scope of individual deployments, the list supports vendor-described sector use rather than market
share, installed-seat counts or a claim of present validation at named facilities. Its biotechnology page also
describes water-for-injection still and storage-tank sizing as an application. (www.intelligen.com)
(www.intelligen.com)

For procurement, the documented distinction between fixed licenses for a specific computer and floating
licenses is relevant to shared engineering teams. Obtain a dated proposal covering the intended users and
deployment pattern. The retrieved overview's price observations are undated, so this report does not convert
them into a historical price comparison or an assumed enterprise contract. (www.intelligen.com)

Strengths and Limitations

The principal editorial strength is the direct connection between a process recipe, physical consumption and
economic interpretation. However, a repeating-recipe model is not automatically a multi-product campaign
scheduler. SuperPro's export documentation explains its identical-repeated-batch assumption and directs more
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flexible shared-facility situations toward SchedulePro, which Intelligen separately positions as a finite-capacity
scheduling tool. (docs.intelligen.com) (www.intelligen.com)

Automation is documented through a Component Object Model (COM) interface, with Excel, MATLAB, C#
and Python among the listed environments. Scheduling data can also be exported to Excel. Test both the
parameter-write path and results-read path during evaluation; a readable report alone is insufficient for a
reproducible sensitivity workflow. (www.intelligen.com) (docs.intelligen.com)

Dynochem Biologics

Capabilities

Dynochem Biologics simulation software emphasizes mechanistic process understanding and scale-up. Its
official biologics page documents bioreactor predictions for glucose, dissolved oxygen, pH and titer, alongside
calculations for power per unit volume, volumetric mass-transfer coefficient and mixing time. The engineer
should establish which predictions are fitted, which rely on equipment correlations and which can be tested
against independent measurements. (www.scale-up.com) (www.scale-up.com)

The owner's product description extends downstream scope to disk-stack centrifugation, depth filtration,
chromatography, virus inactivation and conjugation. It also describes fill-finish models for primary and
secondary drying during vial lyophilization. A documented drying model and an end-to-end filling-line capacity
model answer different questions; the demonstration should match the required endpoint. (www.mt.com)
(www.mt.com)

Dynochem converts Excel worksheets into mathematical models before simulation, fitting or optimization. Its
Verification feature compares model predictions with measured data and provides residual statistics, including
weighted sums of squares. These functions offer a concrete review path for model-data agreement, provided
the team defines the experimental data, weighting and acceptance criteria. (sushelp.scale-up.com)
(sushelp.scale-up.com)

Adoption

Scale-up Systems' official announcement places it within METTLER TOLEDO's AutoChem business. That
identifies the supplier relationship without making an adoption or market-share claim. The reviewed
documentation does not supply a comparable installed-base measure for all three contenders, so no popularity
ranking is assigned. (go.scale-up.com)

Dynochem Biologics has a dedicated model library and customized Excel ribbon. Shared licenses use
concurrent users, while sign-in and activation require internet access; offline operation is available for a
license-dependent allowance after a session starts. Evaluate these conditions against laboratory networks and
remote engineering workflows rather than assuming that spreadsheet-based modeling implies unrestricted
offline use. (sushelp.scale-up.com) (sushelp.scale-up.com) (sushelp.scale-up.com) (sushelp.scale-up.com)
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https://sushelp.scale-up.com/help/overview.aspx#:~:text=with%20a%20number%20of%20concurrent%20users
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Strengths and Limitations

The editorial fit is strongest where a decision turns on experimentally grounded equipment behavior or scale
translation. For example, oxygen-transfer coefficients depend on reactor geometry, medium and operating
conditions, so a useful scale-up model needs more than vessel volume. A good evaluation asks whether the
team can identify and challenge the governing correlations and fitted parameters. (www.eppendorf.com)

Automation needs a separate entitlement check. RunScript Automation documents automated fitting,
optimization, verification and simulation, and requires its own licenses for workflow development and
execution. The vendor-linked Python package wraps COM calls to Scale-up Suite. These are documented
paths, not evidence that every Biologics license includes an unattended Python execution environment.
(sushelp.scale-up.com) (sushelp.scale-up.com) (pypi.org)

Scenario endpoint tables and profiles can be exported through the documented scenario tools. Whole-facility
scheduling and integrated cost-of-goods behavior were not established by the retrieved material; they remain
demonstration questions, with no missing-data penalty or invented zero score. (sushelp.scale-up.com)

Aspen Plus

Capabilities

Aspen Plus for bioprocess simulation should be assessed as a broad engineering platform with relevant
batch and reaction-modeling capabilities. The official overview explicitly includes batch and continuous
operations, solids and biomass processing. Its batch-modeling page covers reaction, distillation, crystallization,
filtering and drying, together with a customizable kinetics library. This is a wider documented boundary than
continuous chemical processing alone. (www.aspentech.com) (www.aspentech.com)

Aspen's batch FAQ documents custom kinetics expressions from V12 onward and fermentation kinetics from
V14 onward. Those version-specific functions justify testing a bioprocess use case; they do not prove that a
particular mammalian cell-culture or purification model is supplied, identified or accurate for the buyer's
product. Request the exact release and example model proposed for evaluation. (solutions.aspentech.com)
(solutions.aspentech.com)

For specialized equipment, Aspen Custom Modeler offers an engineering modeling language and integration
of custom models into Aspen Plus flowsheets. For economics, Aspen Process Economic Analyzer
documents preliminary capital expenditure and operating expenditure studies, including mapping simulated
operations to equipment. Record these named components explicitly when comparing workflow effort and
commercial entitlements. (www.aspentech.com) (www.aspentech.com)

Adoption

Emerson's official transaction announcement identifies AspenTech as a wholly owned subsidiary. This
establishes current corporate ownership; it does not quantify adoption of Aspen Plus in biologics
manufacturing. Broader chemical-engineering recognition should not be substituted for a product-specific
biologics reference that matches the intended modeling task. (www.emerson.com)
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Aspen publishes a token-pool commercial model in which different products consume tokens. Its cloud-support
guidance describes running software in the customer's cloud and requires Software License Manager. The
retrieved compatibility guidance is release-scoped, so operating-system, cloud and license-manager support
should be reconfirmed for the actual deployment. Obtain a dated configuration and entitlement statement
rather than an assumed flat seat price. (www.aspentech.com) (www.aspentech.com)

Strengths and Limitations

The editorial advantage is the ability to put a bioprocess-relevant model into a broader process-engineering
workflow. The obligation is to define the biological and operational model in enough detail to support the
decision. A kinetics library cannot by itself identify cell-line parameters, chromatography behavior or product-
quality relationships. ICH's documentation expectations provide useful review criteria for assumptions, inputs,
outputs and comparison with observations. (database.ich.org)

Aspen Simulation Workbook supplies an Excel interface to process models. Historical official support
material also documents Aspen Plus ActiveX automation through Visual Basic for Applications (VBA). Treat
that example as evidence of an interface approach and confirm current support, rather than assuming an old
example certifies a new release or a specific Python integration. (home.aspentech.com)
(esupport.aspentech.com)

Ask for a runnable end-to-end demonstration of the intended bioprocess, plus a component-by-component
license list. A successful batch-operation model should be evaluated separately from shared-resource
campaign scheduling and validated use of its predictions.

Feature Comparison
Table 1 summarizes documented boundaries. “Demonstrate” means the retrieved evidence does not settle the
buyer's exact requirement. It is not a statement that a capability is absent.

Decision area SuperPro Designer Dynochem Biologics Aspen Plus

Primary
documented
modeling fit

Bioprocess flowsheet
examples.
(www.intelligen.com)

Dedicated biologics modeling
library. (sushelp.scale-up.com)

Batch and continuous process models.
(www.aspentech.com)

Downstream and
fill-finish

Antibody and fill-finish
instructional examples.
(www.intelligen.com)

Owner documents
chromatography and
lyophilization models.
(www.mt.com)

Demonstrate the required biologics
operations; generic filtering and drying
are documented.
(www.aspentech.com)

Campaign and
facility timing

Repeated-batch assumption;
assess SchedulePro for finite
capacity. (docs.intelligen.com)

Scenario outputs documented;
demonstrate shared-resource
scheduling. (sushelp.scale-
up.com)

Demonstrate resource-constrained
campaign behavior separately from
batch simulation.
(www.aspentech.com)

Economics User equipment costs and
resin/membrane replacement.
(www.intelligen.com)

Demonstrate the requested cost
boundary and accounting export.

Process Economic Analyzer supports
preliminary economic studies; confirm
entitlement. (www.aspentech.com)
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https://database.ich.org/sites/default/files/Q8_Q9_Q10_Q&As_R4_Points_to_Consider_2.pdf#:~:text=Model%20assumptions%2C%20a%20tabular%20or%20graphical%20summary%20of%20model%20inputs%20and
https://home.aspentech.com/en/products/pages/aspen-simulation-workbook#:~:text=easy%20to%20link%20your%20models%20to%20Microsoft%20Excel
https://esupport.aspentech.com/apex/S_Article?id=000083571#:~:text=an%20Aspen%20Plus%20simulation%20via%20ActiveX%20automation.
https://www.intelligen.com/products/superpro-examples/#:~:text=production%20of%20a%20therapeutic%20monoclonal%20antibody%20using%20animal%20cell%20culture.
https://sushelp.scale-up.com/help/IntroBiologics.aspx#:~:text=a%20dedicated%20model%20library%20and%20a%20customized%20Excel%20ribbon
https://www.aspentech.com/en/products/engineering/aspen-plus#:~:text=for%20both%20batch%20and%20continuous%20operations%2C%20including%20solids%20and%20biomass%20processing
https://www.intelligen.com/products/superpro-examples/#:~:text=This%20example%20analyzes%20a%20fill-finish%20process%20that%20manufactures
https://www.mt.com/us/en/home/products/L1_AutochemProducts/scale-up-systems.html#:~:text=disk-stack%20centrifugation%2C%20depth%20filtration%2C%20chromatography%2C%20virus%20inactivation%2C%20conjugation
https://www.aspentech.com/en/products/engineering/batch-modeling-in-aspen-plus#:~:text=Simulate%20batch%2C%20semi-batch%20and%20continuous%20processes%20involving%20reaction%2C%20distillation%2C%20crystallization%2C%20filtering%20and%20drying
https://docs.intelligen.com/spd/SPDWebHelp/Bk7/Chapter14/Exporting_Process_Data.htm#:~:text=assumes%20that%20each%20batch%20%28of%20the%20same%20recipe%29%20repeats%20itself
https://sushelp.scale-up.com/help/runallscenarios.aspx#:~:text=the%20initial%20conditions%20and%20the%20End%20point%20values
https://sushelp.scale-up.com/help/runallscenarios.aspx#:~:text=the%20initial%20conditions%20and%20the%20End%20point%20values
https://www.aspentech.com/en/products/engineering/batch-modeling-in-aspen-plus#:~:text=leveraging%20an%20extensive%20and%20customizable%20library%20of%20kinetic%20models
https://www.intelligen.com/competencies/cost-analysis/#:~:text=user%20has%20the%20option%20to%20specify%20his%2Fher%20own%20equipment%20purchase%20cost
https://www.aspentech.com/en/products/engineering/aspen-process-economic-analyzer#:~:text=Perform%20Early%20Economic%20CAPEX%20and%20OPEX%20Studies%20Leveraging%20Simulation%20Data


Decision area SuperPro Designer Dynochem Biologics Aspen Plus

Automation and
review

COM and spreadsheet
workflows.
(www.intelligen.com)

Excel models, verification and
separately licensed automation.
(sushelp.scale-up.com)

Simulation Workbook and custom
equipment modeling are documented
options. (www.aspentech.com)

Commercial
comparison

Fixed/floating deployment
questions.
(www.intelligen.com)

Concurrent-user and automation-
license questions.
(sushelp.scale-up.com)

Token-pool and component-entitlement
questions. (www.aspentech.com)

The matrix favors task coverage over a numerical feature score. A documented capability can still need
calibration; an unresolved documentation cell can still be satisfied in a vendor demonstration. Missing
information therefore becomes a procurement question rather than a negative product rating. Define the
requested model output before interpreting the comparison, following the purpose-first modeling approach.
(database.ich.org)

SuperPro Designer vs Dynochem Biologics

For a question such as “What does changing recovery do to annual material consumption?”, SuperPro's
balance-and-cost workflow is a logical first demonstration. For “What changes in mixing or oxygen transfer
accompany a vessel change?”, Dynochem's documented scale-up calculations are a logical first
demonstration. Linking the resulting parameters may be useful, but interchange should preserve units,
experimental context and uncertainty. (www.intelligen.com) (www.scale-up.com)

SuperPro Designer vs Aspen Plus

Evaluate whether the project primarily needs a biologics recipe/economic representation or broader process-
engineering integration. SuperPro's antibody example supplies a relevant starting artifact. Aspen's custom-
model integration provides a route for equipment models within its flowsheets. Neither fact establishes a lower
implementation cost without a common model specification and a timed evaluation. (www.intelligen.com)
(www.aspentech.com)

Dynochem Biologics vs Aspen Plus

The key distinction is the supplied modeling workflow and the team's parameterization burden. Dynochem
documents model-data verification within its suite. Aspen documents customizable kinetics and a broader
modeling environment. Compare the equations, calibration data, receiving-scale checks and required licenses,
rather than assuming that two executable models represent the same physical phenomena. (sushelp.scale-
up.com) (www.aspentech.com)

Reference Process (Hypothetical Example)
Use a fed-batch monoclonal-antibody drug-substance process: cell culture, harvest/clarification, Protein A
capture, a pooled polishing/virus-clearance block, then ultrafiltration/diafiltration (UF/DF). The pooled block is
an arithmetic simplification, not a proposed validated purification sequence. Model fill-finish separately if it
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belongs in the decision. Cytiva advises establishing capacity and binding/elution conditions for a new process,
while Merck's UF/DF protocol includes system hold-up in volume calculations. (cdn.cytivalifesciences.com)
(www.merckmillipore.com)

Table 2 is the editable input dictionary. Every value is an author-selected illustrative assumption for a US
facility in 2026 USD; no row is a market observation, standard value or vendor prediction. “Required
measurement” identifies the evidence a real model needs.

Input and unit Illustrative assumption Required measurement or definition

Working volume; harvest
titer

2,000 L; 5 g/L Actual harvest liquid basis, sampling method and mass
concentration.

Step mass recoveries Harvest 0.95; capture 0.95; pooled
polishing 0.90; UF/DF 0.95

Product mass entering and leaving each defined block.

Culture; turnaround;
availability

14 days; 2 days; 330 days/year Equipment occupancy, cleaning, maintenance and
campaign calendar.

Fixed annual cost;
variable cost

$2,000,000/year; $100,000/batch Defined facility allocation and consumption boundary,
including annualized capital.

Resin inventory;
acquisition cost

100 L; $1,000/L Quoted resin, load conditions, column volume and
usable capacity.

Resin use and lifetime 4 cycles/batch; 50 cycles/lifetime Cleaning, capacity and quality evidence supporting
reuse.

This dictionary makes mismatches visible before software comparison. Recovery is a mass fraction, not the
breakthrough-based capacity described in resin documentation; (cdn.cytivalifesciences.com) culture duration
is not always facility cadence; annual availability is not a guaranteed production count.

Additional inputs deliberately remain unassigned until measured:

Cell behavior: viable-cell density, growth and consumption kinetics, titer trajectory and fitted ranges.
Gas transfer: medium-specific oxygen-transfer measurements, aeration, pressure and impeller
geometry. (www.eppendorf.com)
Capture: breakthrough curve, residence time, load composition and elution pools.
(cdn.cytivalifesciences.com)
UF/DF: membrane area, flux, concentration limits, hold-up and exchange volumes.
(www.merckmillipore.com)
Quality and holds: impurity clearance, hold-time evidence and acceptance criteria.
Facility resources: shared tanks, operators, clean utilities, cleaning and receiving capacity.

Use an uncertainty register with parameter source, scale, units, distribution rationale, correlation assumptions
and decision impact. The National Institute of Standards and Technology (NIST) provides a general-purpose
uncertainty application for a user-defined measurement model; its availability is methodological support, not
endorsement of a particular bioprocess model. (uncertainty.nist.gov)
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Performance and Benchmarks
The retrieved evidence does not provide a current, controlled, common-process benchmark of SuperPro
Designer, Dynochem Biologics and Aspen Plus. The historical PubMed comparison evaluates different,
explicitly named versions and concludes that they do not model every bioprocess phenomenon. That historical
result is useful as a warning about model boundaries, not as evidence of a current product defect or ranking.
(pubmed.ncbi.nlm.nih.gov)

Independent modeling papers show what a meaningful benchmark should disclose. A 2025 CHO, or Chinese
hamster ovary, forecasting study used 14 cultures over 16 days, representing six clones and one bulk
pool, each cultured in duplicate and reported a 5.85% mean percentage error for the Luedeking-Piret
regression (LPR) Max predictor under clone-level leave-one-out cross-validation, predicting final-day titer
using measurements through day 9. These are results for that paper's research model and experimental
context, not for any commercial simulator compared here. The sample size and forecast endpoint belong
beside the error measure. These are study-specific experimental results, not country-level market estimates.
(www.nature.com) (www.nature.com)

A separate 2022 integrated-process-model study distinguishes 800 simulated runs from 10 manufacturing
runs and uses 95% prediction intervals. Simulated scenarios can explore consequences of uncertainty, but
they do not supply additional independent plant observations. That distinction matters when a demonstration
presents a visually dense collection of trajectories as evidence. (www.frontiersin.org) (www.frontiersin.org)

For a purchase evaluation, require these benchmark disclosures:

Endpoint: a named response, such as harvest titer, pool volume, equipment occupancy or cost per
released mass.
Dataset: experimental scale, batches, sampling schedule and separation of fitting and test data.
(www.fda.gov)
Error: units, bias, residual distribution and acceptance criteria established before the comparison;
residual statistics are a documented review output in Dynochem. (sushelp.scale-up.com)
Boundary: included operations, parameter ranges and explicit exclusions.
Effort: analyst time, unavailable inputs, model changes and manual interventions.
Reproduction: model file, software build, dependencies, parameter set and exported results.

These are proposed evaluation requirements, not a claim that the vendors publish identical benchmark
packages. FDA's modeling guidance specifically identifies validation using external data; the purchaser should
require an appropriate hold-out dataset rather than assessing fit only on observations used to estimate
parameters. (www.fda.gov)

For scale-up, compare physical assumptions as well as prediction error. Eppendorf's engineering application
note explains that preserving all scale-up parameters is usually infeasible. The International Society for
Pharmaceutical Engineering (ISPE)-hosted A-Mab educational case (Hypothetical Example) uses
hydrodynamic similarity when establishing a small-scale model. Both support asking which similarities are
relevant, without turning an educational example into a plant benchmark. ISPE describes A-Mab as a
discussion case. (ispe.org) (www.eppendorf.com) (ispe.org)
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https://ispe.org/sites/default/files/initiatives/pqli/a-mab-case-study-version.pdf#:~:text=Establishing%20hydrodynamic%20similarity%20and%20ensuring%20appropriate


Data Analysis and Evidence

Editable throughput and cost equations (Hypothetical Example)

These original calculations use Table 2 and assume an established repeating campaign with sufficient
downstream capacity. Output is gross drug substance, before fill-finish losses, release decisions or batch
rejection. Replace the calendar assumptions in a facility-fit study.

Let M = V × T / 1000 × product(step recoveries), with volume V in liters, titer T in grams per liter and
batch mass M in kilograms. Then M = 2000 × 5 / 1000 × 0.95 × 0.95 × 0.90 × 0.95 = 7.716375
kg/batch. The divisor converts grams to kilograms. No process simulator is required to reproduce this
calculation.

Let N = floor(available days / cadence days). With a single production vessel and no overlapping
occupancy, cadence is 14 + 2 = 16 days; therefore N = floor(330 / 16) = 20 batches/year. Annual
output is N × M = 154.3275 kg/year. This floor function makes calendar capacity discrete, so changing a
duration does not always change annual batch count smoothly.

Let Cannual = F + N × B, where fixed annual cost F = \$2,000,000/year and variable batch cost B =
\$100,000/batch. Fully allocated batch cost is Cannual/N = \$200,000/batch, and modeled cost per gross
kilogram is Cannual/(N × M) = \$25,918.91/kg, rounded to cents. The accounting boundary includes the
illustrative annualized capital allocation within fixed cost and excludes development, corporate overhead
beyond that allocation, taxes and fill-finish.

Resin acquisition allocation is resin volume × price per liter × cycles per batch / lifetime
cycles. The chosen values give 100 × \$1000 × 4 / 50 = \$8,000/batch. This is included within the
variable batch cost, not added again. Actual lifetime needs process evidence; EMA recommends evaluating
chromatography columns throughout their expected lifetime. (www.ema.europa.eu)

Table 3 changes one assumption at a time, holding the others fixed. All numbers are calculated from the
illustrative US 2026 basis; costs are USD and rounding occurs only for display.

Scenario Mass, kg/batch Batches/year Output, kg/year Cost, USD/kg

Base assumptions 7.716375 20 154.32750 25,918.91

Titer 4 g/L 6.173100 20 123.46200 32,398.63

Titer 6 g/L 9.259650 20 185.19300 21,599.09

Capture recovery 0.90 7.310250 20 146.20500 27,358.85

UF/DF recovery 0.90 7.310250 20 146.20500 27,358.85

Cadence 18 days 7.716375 18 138.89475 27,358.85

Resin lifetime 25 cycles 7.716375 20 154.32750 26,955.66
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The identical costs for lower capture recovery and longer cadence are an arithmetic consequence of these
assumptions, not a general process relationship. Shorter resin lifetime changes cost without changing modeled
output because the simplified worksheet assigns no additional downtime. The resin-lifetime case raises
variable cost to $108,000/batch, retaining all other inputs. A detailed schedule could change both cost and
throughput.

Sensitivity is not uncertainty

One-at-a-time scenarios identify directional effects; they do not assign probabilities. The distinction matters
when interpreting prediction intervals or propagating measurement uncertainty. (www.frontiersin.org)
(www.nist.gov) Original manufacturing-optimization research explicitly treats titer, chromatography yield and
impurity removal as uncertain parameters. NIST's uncertainty framework includes significant input
uncertainties and covariance between inputs. Applying that framework here means accounting for
dependence, rather than assuming every yield and duration varies independently. A model that omits a
significant uncertain input can understate the uncertainty in its result; NIST explicitly requires such contributors
in the measurement model. (www.nist.gov) (discovery.ucl.ac.uk) (www.nist.gov)

For example, more biomass may change harvest behavior, and a larger product load may change capture
cycles. A higher-titer scenario that holds recovery, membrane consumption and duration fixed is a useful
screening calculation, but its assumptions need testing. Merck notes that actual diafiltration requirements need
empirical determination, and chromatography optimization research links resin selection with column sizing
and sequencing. (www.merckmillipore.com) (discovery.ucl.ac.uk)

Implications and Future Directions

Choose a proof of concept by decision owner

The proof-of-concept acceptance plan should include:

Process development test: fit a defined model, withhold experimental observations, then compare
predicted responses against them.
MSAT test: change vessel geometry or a downstream constraint and explain which equations and
parameters change.
Capital-planning test: change demand and equipment allocation, then reconcile batch count, utilization
and cost.
Scheduling test: impose a shared tank and a cleaning constraint, then inspect contention and resulting
delays.
Transfer test: export parameters and results, rebuild the scenario on another authorized workstation
and compare outputs.
Commercial test: document base product, optional modules, automation rights, concurrent use and
deployment requirements.

These are proposed tests, with acceptance limits set by the engineering decision. The purpose and
documented assumptions should remain visible when setting those limits. (database.ich.org) Model oversight
should scale with risk; a preliminary facility screening model and a model influencing process-control decisions
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require different evidence. (www.fda.gov)

Model transparency and governance checklist

Parameter visibility and parameter ownership are separate questions. A spreadsheet may expose a fitted
coefficient, while the contract determines customer rights to model files, libraries and commissioned work.
Dynochem documents saving changes back to Excel, and SuperPro documents export to spreadsheets;
neither statement settles intellectual-property rights or a supported version-control workflow. (sushelp.scale-
up.com) (docs.intelligen.com)

Use the following governance checklist before relying on results:

Intended use: name the decision, users, output and consequence of error. (database.ich.org)
Model specification: retain equations, assumptions, included operations and simplifications.
(database.ich.org)
Parameter provenance: record measurement method, units, scale, date, owner and fitting history;
oxygen-transfer documentation illustrates why method and operating context matter.
(www.eppendorf.com)
Evidence separation: distinguish calibration observations, validation observations and simulated
scenarios. (www.frontiersin.org)
Uncertainty: retain influential inputs and dependence assumptions, not only nominal values.
(www.nist.gov)
Change control: identify model, software build, external scripts and input-data versions.
Execution record: preserve run settings, warnings, outputs and reviewer comments.
Export review: reconcile an independently calculated balance with exported results.
Rights and access: confirm model-file ownership, permitted reuse and access after license changes.
Lifecycle review: establish triggers for reassessment as equipment or process knowledge changes.
(ispe.org)

IntuitionLabs' published information-layer perspective emphasizes authoritative sources, citations, evaluation
and accountable operation. In this setting, that supports traceable model inputs and controlled review. It does
not imply that any compared simulator supplies the entire governance system or that consultant involvement
validates model predictions. (intuitionlabs.ai)

Future integration can connect detailed mechanistic models with facility economics, but interfaces should
transfer assumptions as well as values. Merck's distinction between constant-volume diafiltration and
empirically determined exchange requirements illustrates why a clean numerical handoff still needs process
context. The governing objective remains a reviewable engineering decision. (www.merckmillipore.com)
Reassessment should consider process characterization and verification together, rather than treating the
saved model as permanent evidence. (www.ema.europa.eu)
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Conclusion
Select the simulator by the model that must be built and the decision it must support. SuperPro Designer is a
reasonable first candidate for integrated recipe balances and economics. Dynochem Biologics is a reasonable
first candidate for mechanistic process understanding and equipment-scale questions. Aspen Plus is a
reasonable candidate when the bioprocess problem belongs within broader process engineering or needs
custom-model integration. These are task-fit judgments, not independently measured performance rankings.
(www.intelligen.com) (www.scale-up.com) (www.aspentech.com)

The shared reference process provides a reproducible starting point: separate observed inputs from
assumptions, preserve units, calculate the simple balance independently and expose the calendar and cost
boundary. Its sensitivity results identify questions to investigate, not expected plant output. A serious evaluation
adds measured kinetics, equipment constraints, quality requirements and receiving-site data before
interpreting a more detailed simulation. Documentation of assumptions and comparison with measured data
remains part of that review. (database.ich.org)

Commercial comparisons should use dated proposals for the actual configuration, including automation and
deployment rights. Technical comparisons should use the same process definition, a declared validation
dataset and an acceptance plan proportionate to intended use, including validation against external
observations where appropriate. (www.fda.gov) FDA's lifecycle framing remains the relevant boundary:
process validation draws on evidence from design through commercial production, not software outputs alone.
(www.fda.gov)
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About IntuitionLabs
IntuitionLabs is an AI consulting, custom software development and data engineering firm serving
pharmaceutical, biotechnology, medical-device and other life-science organizations. We work with clinical,
regulatory, medical-affairs, commercial, quality and IT teams to connect technology decisions with the work
people need to accomplish.

AI consulting and adoption

Our AI enablement services cover readiness assessments, use-case selection, governance and policies, team
workshops, adoption measurement and ongoing advisory support. We help organizations structure the
information layer behind AI: source material, context, permissions and maintained knowledge that make
generated answers useful and reviewable. Private LLM inference and hosted AI options support teams
evaluating how to operate AI with appropriate control over their data and infrastructure.

Software, data and life-science workflows

IntuitionLabs develops custom software for pharma and biotech, integrates enterprise systems, and builds
data engineering and business intelligence solutions. Areas of focus include AI agents, regulatory research,
medical writing, medical affairs, CMC information, competitive intelligence and clinical-document workflows.
Our eTMF intelligence work includes cross-system reconciliation and inspection-readiness support.

Enterprise platforms and regulated delivery

We provide Veeva services, application support, managed services, integrations and custom applications,
alongside enterprise content work involving platforms such as Egnyte. For regulated workflows, our services
include GxP enablement, computer-system validation and software development addressing 21 CFR Part 11
requirements. The applicable controls, validation responsibilities and acceptance criteria are defined for each
engagement.

Work with IntuitionLabs

Explore AI enablement, pharma and biotech software development, data engineering and BI, and Veeva
services. Contact IntuitionLabs to discuss your workflow, information sources and implementation needs.

IntuitionLabs publishes educational research to help life-science teams make informed technology decisions.
Coverage of a product or organization does not imply a client relationship, endorsement or partnership.

Website: https://intuitionlabs.ai

This article is educational. Verify consequential medical, legal, financial, regulatory and technical decisions with appropriate professionals and the
cited primary sources. Company services are described separately from the article's research findings.
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