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Abstract

This article proposes a scenario-planning method for photopolymer manufacturing. It does not forecast the future. No controlled source in
the project forecasts photopolymer manufacturing to 2040, and no probability, market size, adoption date or technology timing is asserted
here. The method treats each scenario as an author-proposed conditional construct assembled from already controlled uncertainties in the
Engineering Review corpus. Branches are distinguished by observable trigger indicators and by evidence that would disconfirm the
branch. The purpose is to prevent strategic planning from collapsing uncertainty into a single expected trajectory. Formal value-of-
information methodology remains owned by ER-399 [1], while ER-500 retains final corpus synthesis. A hypothetical two-condition
decision exercise makes branch consequences, trigger verification and retirement rules explicit without assigning forecasts or
probabilities.
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1. Epistemic status

No controlled source in this project forecasts photopolymer manufacturing to 2040. Every scenario described here is therefore an author's
construct, not a finding, prediction or expected outcome. No branch is labelled likely, dominant, expected or preferred.

The controlled master roadmap supplies ownership and dependency structure only [3]. It does not provide subject-matter evidence for the
future. This article uses that structure to define a method that can later ingest evidence from frozen ERs without converting those reviews
into forecasts.

2. Why a branching method is needed

A single roadmap can hide incompatible assumptions. For example, a planning decision may depend simultaneously on material
regulation, raw-material availability, manufacturing decentralisation, automation, field-performance evidence and qualification
requirements. If those assumptions are bundled into one narrative, a change in one variable can invalidate the whole plan without making
the dependency visible.

A branching method separates assumptions. Each branch must state: the controlled variable it depends on; the observable trigger that
would indicate movement; the evidence needed to confirm the movement; and the observation that would disconfirm the branch.

3. Scenario-building rule

A valid branch in this method has five fields:

1. Controlled uncertainty. A variable already owned by a frozen ER or other controlled corpus object.

2. Branch condition. A qualitative state expressed without probability or timing.

3. Trigger indicator. An observable measurement, document state or external event linked to the controlled variable.
4. Evidence need. The specific evidence required before an engineering response is justified.

5. Disconfirming observation. A result that would make the branch inappropriate.

The branch is not a prediction. It is a conditional decision surface.

4. Example branch class A: regulatory-transition intensity

Author-proposed construct. The controlled variable is regulatory transition state, owned in the current corpus by ER-492 after that
article is frozen. The branch condition is not regulation becomes stricter'; it is whether a controlled change in a named instrument
invalidates evidence, documentation or formulation assumptions.

A trigger indicator is a new official instrument, delegated act, classification or transition date within the scope of the relevant ER. The
evidence need is the exact official text plus a role/object analysis. A disconfirming observation is that the new act does not bind the
material, product or role under consideration.

No date or likelihood is assigned.

5. Example branch class B: environmental-boundary volatility

Author-proposed construct. The controlled variable is material/package exposure state, owned by ER-493 after freezing and bounded by
ER-179 and ER-218. The branch condition is whether storage or transport histories increasingly exceed the qualified environmental
envelope.

A trigger indicator is a measured increase in excursions outside the controlled package or material boundary. The evidence need is lot-
specific exposure history plus state measurement. A disconfirming observation is that measured material and package state remains within
the qualified envelope despite the environmental variation.

This branch does not predict climate, factory outage or business continuity.
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6. Example branch class C: convergence-interface expansion

Author-proposed construct. The controlled variables are interface maps such as ER-494 and ER-495 after those articles are frozen. The
branch condition is whether additional evidence demonstrates transferable interfaces across currently separated platforms.

A trigger indicator is a new controlled source that closes an evidence gap explicitly left open by the relevant ER. The evidence need is
direct evidence for the additional interface, not analogy from an adjacent technology. A disconfirming observation is that the new source
remains confined to one platform, one material family or one non-transferable process state.

The branch does not assume convergence will occur.

7. Example branch class D: evidence-system maturity

Author-proposed construct. The controlled variables are corpus-level evidence quality, provenance, benchmark datasets, field
performance, failure reporting and chain-of-custody. Relevant owners include ER-394 to ER-399 and ER-481 to ER-489 once frozen in
the controlled roadmap [3].

A trigger indicator can be an increase in the fraction of engineering decisions supported by versioned, machine-readable, traceable
evidence rather than reconstructed narrative. The evidence need is an explicit audit metric defined by the owning ER. A disconfirming
observation is that data volume rises without improved traceability, representativeness or decision calibration.

No maturity score is proposed here.

8. Trigger indicators must be observable

A useful trigger cannot be 'technology accelerates' or 'the market changes'. It must be a state that can be observed and tied to an owner.
Examples include: a new official regulatory act within ER-492 scope; a measured storage excursion within ER-493 scope; a second
independent platform anchor closing ER-494's current single-family limitation; direct cleanliness/metrology evidence closing ER-495's
excluded limbs; or a frozen upstream article that changes the dependency graph used by ER-499.

These are examples of indicator form, not claims that the events will occur.

9. Evidence needs and disconfirmation

Every branch should specify what evidence would be sufficient to justify a decision and what result would defeat the branch. This
converts scenario planning from storytelling into a controlled uncertainty register.

ER-399 retains formal value-of-information methods [1]. ER-498 does not calculate VOI, rank experiments or claim an optimal portfolio.
Its role is to expose where future decisions depend on evidence that does not yet exist.

10. Update rule

The scenario set should be revisited only when a trigger indicator moves or a controlling ER changes version. A branch whose owner is
not frozen remains provisional. A branch contradicted by new evidence is retired rather than rhetorically repaired.

The 2030-2040 horizon in the title is therefore a planning horizon, not an asserted schedule for any technology, regulation or market. The
fourth-corpus synthesis provides the preceding corpus-architecture boundary [2].

11. A decision examined across conditional branches

The proposed scenario exercise starts with a decision that can actually change, such as whether to commit to a single production
arrangement or retain a qualified alternative. It then names the uncertain conditions relevant to that decision. The branches are conditional
descriptions, not probabilities or forecasts. A useful branch changes the evidence or action required; a different narrative with the same
decision consequence adds little analytical value.

Consider an illustrative two-condition exercise. One condition is whether a named material configuration remains within an applicable
regulatory scope after an official change. The other is whether measured storage histories remain within a qualified package envelope. The
four combinations direct attention to different evidence work: no additional issue under the stated assumptions, regulatory impact
assessment, excursion disposition, or both. The exercise does not predict either event or assign a date to it.

The response in each branch would identify an action that is already justified, an action conditional on further evidence and a commitment
that should remain deferred. This prevents a scenario description from functioning as an unsupported instruction to invest or change a
formulation.

12. Test triggers against false signals

A proposed trigger should have an observation rule and a consequence. A publication mentioning a regulatory topic is not the same trigger
as an applicable official instrument. An increase in logged environmental excursions may reflect improved monitoring rather than a
changed exposure distribution. The update record should therefore identify the measurement process as well as the apparent signal.

A branch can be retired when its condition is contradicted or when the decision no longer depends on it. Retaining every historical branch
indefinitely would make the scenario set less useful. The retirement record should preserve why it was removed, so that a later change can
be distinguished from rewriting the earlier reasoning.

The quality of the method can be examined retrospectively without claiming predictive success. Did an observed trigger lead to the
specified evidence check? Was a commitment made before its condition was resolved? Did additional data change the decision or only its
narrative? These questions evaluate disciplined use of scenarios. They do not turn the 2030-2040 planning horizon into a schedule or
establish that any branch is more likely than another.

Evidence appraisal and qualification framework
Scenario audit: evidence, assumption and trigger provenance

For every branch, maintain three separate records: the controlled source establishing the present condition, the assumption defining the
hypothetical change, and the observation that would trigger reassessment. A branch without a verifiable source is not an evidence-
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grounded scenario; a branch without a disconfirming observation is not auditable. These conditions are independent of whether the branch
sounds plausible. A regulatory illustration should distinguish a draft instrument from enacted law and from implementation guidance. A
process-capability illustration should distinguish laboratory feasibility from repeatable manufacturing. An environmental illustration
should specify the geographic and operational boundary, not assert a forecast of disruption. This discipline prevents changes in published
documents from being mistaken for a measured change in industrial practice.

Decision experiment under mutually incompatible branches

A useful stress test examines the same candidate decision under contrasting conditions. The reviewer should ask what measurement would
support adoption, what observation would warrant deferral, and which evidence can be collected before capital is committed. The
comparison requires a common decision horizon and declared constraints, but it need not attach arbitrary probabilities to branches. One
output is a reversible monitoring decision when the evidence is immature; another is a narrowly qualified pilot that preserves exit criteria.
Neither can be claimed optimal without an explicit objective function and defensible parameter estimates. This review provides a decision
architecture rather than an outcome forecast. Its claims should be tested later by recording the actual trigger, resulting action, observed
consequence and whether the original disconfirming conditions were adequate.

Bias and false-positive control

The monitoring programme itself has failure modes. A single press release may be repeated by several outlets without creating
independent confirmation; an anticipated regulatory date may shift without altering technical requirements; a demonstration part may be
misread as evidence of commercial throughput. The evidence ledger should record the primary source, observation date, version and
dependence among reports. Triggers should require confirmation from the appropriate source class and explain why the change influences
a named engineering decision. Conversely, the absence of a headline is not evidence that a technological pathway has failed. These
safeguards make scenario updates reproducible without pretending that a qualitative framework is a numerical prediction model.

Supplementary critical review: evidentiary and qualification boundaries

Epistemic controls for conditional futures

A scenario is a structured conditional description, not a probability forecast. Its branching assumptions, decision horizon, disconfirming
indicators and information sources must remain visible together. A regulatory branch, for example, should reference the status of an actual
proposal or enacted text before any technical consequence is modeled. A technology-convergence branch should identify a specific
documented capability rather than turning a research possibility into an expectation. Where no controlled sources support a quantitative
likelihood, the branch should remain unranked. The review can still be useful by stating what an organisation would measure to choose
between responses. It should distinguish facts already observed, assumptions introduced by the author, and the actions that would remain
appropriate under several branches.

Decision robustness and review cadence

A decision can be tested across branches without inventing market size or adoption rates. For each candidate investment or research
programme, identify the assumption that would justify it, the evidence that could invalidate it, the cost of reversing it and the earliest
observable trigger for reconsideration. Robustness is not equivalent to optimality: a measure that performs adequately under several
branches may not be best in any one branch. Monitoring should record when a trigger changes and whether that change alters the decision,
with dated source snapshots and named review responsibility. This is an analytical procedure proposed for corpus governance. It should
not be read as an empirical forecast for photopolymer manufacturing in 2030-2040.

Critical synthesis: Scenario falsification and monitorable triggers

A 2030-2040 scenario is a conditional planning construct, not a forecast established by the number of publications discussing it. To avoid
narrative circularity, every branch should state a disconfirming observation, an external indicator that can be monitored and a plausible
delay between the indicator and engineering impact. Material qualification, energy cost, regulatory requirements and recycling
infrastructure should not be reduced to one assumed adoption curve.

A decision-robust portfolio evaluates the same proposed investment under divergent conditions, including adverse scenarios. For example,
a formulation platform promising easier waste handling may remain attractive even if recycling infrastructure develops slowly, but only if
its in-process safety and performance benefits are independently shown. A sensitivity matrix should document which assumptions drive
the preferred decision and which missing experiments would most reduce uncertainty. Numerical market or performance forecasts must
be omitted unless supported by a reproducible source and model.

Scenario design without turning forecasts into empirical claims

A technology outlook becomes useful when it states what observation would falsify its assumptions. A scenario should distinguish a
technical capability demonstrated in the literature, a bottleneck hypothesized by engineering reasoning and an adoption condition outside
material science. For example, faster exposure alone does not guarantee higher production throughput when separation, washing, curing
and inspection remain the binding constraint.

Comparisons should use explicit functional units and boundary conditions. For manufacturing scenarios, track accepted-part rate, material
utilization, machine availability, post-process occupancy, test burden and uncertainty. For application scenarios, document the required
material state, regulatory evidence and service lifetime. These variables are coupled; changing a single parameter while holding all others
implicitly fixed can create unrealistically optimistic conclusions.

A review should identify leading indicators such as independently reproduced property data, multi-site qualification demonstrations,
process-monitoring validation and service-ageing evidence. These are measurable signals of progress, unlike undated claims of imminent

3Dresyns Engineering Publications - ER-498 - 2026 - Page 3



3Dresyns Engineering Publications - ER-498

industrial transformation. Scenario probabilities or numerical forecasts should not be invented where there is no defensible empirical
basis.

13. Limits

There are zero controlled subject-matter forecasts in the source package for this article. No probability, market size, adoption date,
technology timing or expected branch is stated. The four example branch classes are author-proposed constructs built from corpus
ownership and observable-state logic.

14. Conclusions

Scenario planning can add value to photopolymer manufacturing only if it preserves uncertainty. The method proposed here uses
conditional branches, observable triggers, evidence needs and disconfirming observations. It is designed to be updated from controlled ER
evidence without converting that evidence into a forecast. The result is a planning architecture, not a prediction of 2030-2040.
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