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Abstract

Solar module procurement commits a project to equipment, installation interfaces and a remedy
structure whose cash consequences can continue for years. This paper develops an investment
framework connecting the quoted purchase price with product identity, manufacturing evidence,
operating performance, replacement scope and collectible warranty receipts. It addresses the
decision to accept a cheaper module offer and the related review of a solar asset offered for
acquisition.

Public technical standards summaries, research reports, a dated manufacturer warranty and an
issuer filing inform the evidence boundaries. An original fictional illustration compares two module
offers for a 60 MWdc plant connected to 50 MWac of conversion capacity over twenty operating
years. Sixteen tables and five analytical figures connect degradation, a correlated replacement event,
recovery timing and a fixed loan schedule. The paper proposes procurement, payment-release, claim-
control and transaction-handover processes, with project-specific engineering and legal review.

Under the stipulated event case, a USD 3 million initial saving accompanies an incremental asset-
value deficit of USD 0.736 million. Replacement requires USD 4.780 million in year seven, while
USD 1.3824 million of warranty cash arrives in year nine. Minimum cash debt-service coverage is
0.145, with additional sponsor funding required after the reserve draw. These are conditional model
results, with no assigned probabilities or claims about an actual supplier. The analysis identifies a
procurement switching price and a separate restoration funding need, both require actual product,
contract and counterparty evidence before an investment decision.

JEL Classification: G31, G32, Q42, L14, D81

Keywords: solar valuation, photovoltaic modules, procurement, EPC interfaces, warranties, supplier
credit, degradation, project debt, replacement liquidity

1. Define the product behind the discounted offer

A lower module offer creates a valuation question about the complete delivered asset. The
proposed approach begins by fixing the comparison perimeter: usable installed capacity, delivery
date, electrical configuration, contractual performance test, service access and the parties
responsible for subsequent work. A price difference belongs in the investment case only after
these attributes have been reconciled. Until that comparison is complete, the discount is a quoted
purchasing difference with an unresolved relationship to project value. This paper proposes a
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decision framework; it supplies no observed relationship between module price and failure
probability.

The buyer should establish a product identity record containing the exact model, factory,
production period, serial numbers and bill of materials. Requested supporting records would
identify the cell architecture, glass, encapsulation, backsheet or rear glass, frame, junction box,
connectors and any approved alternative components. The purpose is to define the object being
purchased and the population exposed to a possible defect. A certificate bearing a related product
name should be reconciled to that record by a qualified technical adviser. Any unresolved
difference remains an explicit condition on procurement approval.

IEC TS 62915:2023 addresses retesting when a module's assessed design changes. Its public
description covers material/design modifications, acknowledges engineering judgment, and
identifies changes affecting system compatibility. The available description does not disclose the
complete retest matrix. [2]

For the proposed comparison, each substitution would have a dated decision record linking the
original specification, proposed variant, technical assessment, certificate evidence and contractual
consent. Commercial approval should identify who pays for extra tests, redesign, transport
changes and any delivery interruption. A substitution priced within the original purchase order
could still require separate engineering work in this framework. Those costs would be entered
when incurred, with any supplier reimbursement shown under its own documented terms.

Product segmentation also matters for an acquisition. The investment team should reconcile
installed serial numbers to procurement batches and plant locations, then preserve that mapping
through repairs. Where an operator cannot reconstruct the population, the valuation should
disclose the information gap and test an explicitly assumed exposure range. An analyst should
avoid assigning the entire plant to a disputed batch without evidence. The same discipline applies
to replacement stock: its model, compatibility and qualification would require a new assessment.
A proposed purchase-price adjustment can then be tied to a defined unresolved obligation,
supported expenditure or stipulated downside case.

2. Separate qualification, safety and production consistency

IEC 61215-1:2021 concerns module design qualification. Its public scope explains that service
life depends on design, environment and operation, and that qualification results provide no
quantitative module-lifetime prediction. The referenced publication includes its May 2021
corrigendum. [1]

IEC 61730-1:2023 addresses construction requirements for electrical and mechanical safety. Its
public description distinguishes construction from the testing requirements in Part 2 and states
that it does not encompass every national or regional code. Full paid clauses were not inspected.

[4]

IEC 62941:2019 provides a manufacturing-quality framework for certified modules, including
product/process design and material/process control. Its public description links these activities to
ongoing consistency and assumes an existing ISO 9001 or equivalent quality system. [3]

These distinct scopes support a proposed three-column evidence assessment. The first column
identifies the qualified design and relevant certificate. The second records applicable project
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safety and installation requirements for specialist review. The third addresses whether the
delivered production population can be traced to controlled materials and processes. The
investment committee should receive the unresolved items in each column separately. Closing
one item should not silently close another item with a different evidential basis.

A procurement specification could therefore require controlled production records, agreed
inspection access, retained samples and defined handling of non-conformities. These are
proposed contractual protections. Their availability, cost and enforceability depend on negotiation
and the actual parties. The analyst should identify the scope of each inspection, who selected the
samples, which factory and batches were covered, and whether the resulting report permits
investor or lender reliance. A factory visit with no batch linkage would remain a limited
observation in the decision record.

Testing expenditure should have a stated decision purpose. For example, a proposed additional
test could address a specific material change, mounting configuration or operating exposure. The
team would define acceptance criteria and remedial choices before commissioning it. A general
request for more testing provides little help if the committee cannot explain how an adverse result
changes the order, price, schedule or funding requirement. Sampling plans and test interpretation
require competent technical input; this financial framework supplies neither a universal sample
size nor an engineering acceptance threshold.

The underwriting output is a structured statement of what has been demonstrated, the product
population to which it applies, and the residual uncertainty. No qualification label in this
approach sets the discount rate, establishes a warranty payment, or supplies a realised operating
record. Those inputs require their own evidence or clearly stated assumptions.

3. Link durability questions to the proposed site

IEA PVPS's February 2025 review describes technology-dependent degradation and recovery
pathways, including light/temperature, ultraviolet and potential-induced effects. It also discusses
encapsulation, glass and junction-box problems. Its findings concern particular mechanisms and
designs; they establish no universal failure rate for every module using a named cell architecture.

[5]

The June 2025 IEA PVPS climate-optimisation summary identifies the need for climate-specific
design and notes that addressing one stressor can aggravate another. It also calls for additional
field experience with climate-optimised products. Reliance here is limited to the official summary
and publication page. [6]

The January 2025 DuraMAT presentation Growing Panes examines possible contributors to early
glass failures, including module dimensions, glass, frame and mounting interactions. Its fleet
comparison explicitly identifies confounding variables that limit causal attribution to mounting
configuration. [§]

The proposed diligence process would translate these technical questions into a site exposure
register. For each concern, the owner would request the relevant operating measurements, design
assumptions, installation details and product-specific engineering opinion. Ambient descriptions
such as desert, coastal or tropical should be supplemented by the variables needed for that
assessment. The register would distinguish measured exposure, design estimate and an untested
scenario. It would also identify which party accepts the installation conditions in writing.
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The cash consequence should follow the proposed failure pathway. An assumed gradual power
decline affects production over successive periods. An assumed safety-related isolation removes a
defined population from service until authorised work is completed. A stipulated glass-
replacement event creates material, labour, access and disposal requirements, with any collateral
damage identified separately. The model should describe the assumed restoration state and any
continuing impairment. The same lost output should appear once in the energy ledger, even when
several contract claims refer to the event.

This approach gives the committee a specific question for each proposed mitigation. A stronger
component, revised mounting arrangement or additional inspection would be assessed against the
exposure it is intended to address, its installed cost and its effect on other interfaces. The paper
assigns no automatic durability premium to a material label. A recommendation would remain
conditional on a technical assessment of the exact assembly and site. If the available evidence
supports only a range of outcomes, the commercial decision should retain that range and explain
the cash capacity available within it.

4. Build a field-evidence chain with measurable limits

NLR's February 2026 PV Lifetime report follows commercial module samples in the field and
periodically measures them indoors under controlled conditions. It reports different early-life
trajectories across the sampled types and expressly leaves some future trajectories unresolved.
The results identify particular samples and deployment histories. [7]

NREL's January 2025 PV Fleet final report analyses system performance-loss factors and
availability separately. Its availability assessment uses individual inverter outages. Those system-
level observations provide no direct estimate of a particular manufacturer's module-defect
probability. [12]

For valuation, a proposed evidence hierarchy would separate a laboratory result, a monitored
module cohort and an operating plant record. Each answers a different question. A laboratory
result should retain its stress sequence, measurement conditions and acceptance definition. A
field cohort should identify the product revision, installation, climate, observation period and
sample-selection method. A plant record should document resource measurements, outages and
changes to equipment or operations. The committee can then judge whether the evidence matches
the asset under review.

The proposed data room would preserve raw observations and reconciliation steps alongside
summary indicators. Reviewers should be able to identify calibration changes, missing intervals,
cleaning events, inverter restrictions and replaced equipment. If a seller presents a normalised
performance trend, the adviser would request its weather correction, exclusions and treatment of
unavailable capacity. An unexplained discontinuity should remain open until its origin is
supported. A smooth fitted line would receive no additional credibility solely from its visual
appearance.

Product correspondence is an important transfer condition. A successful older cohort may have a
different bill of materials, factory process or mounting arrangement from the proposed supply.
The team should document those differences and ask which conclusions survive them. A newly
offered design with a short record could be considered through staged procurement, additional
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retained liquidity or a more conservative scenario. Any such treatment would be a proposed
transaction response, with its cost and operational feasibility stated.

The final evidence statement should distinguish observed power measurements, modelled energy
estimates and assumed future performance. A long warranty duration remains a contractual
feature in that statement. Future operating years remain unobserved. Where failure timing or
recovery cannot be estimated credibly, deterministic cases can expose the funding consequences
without claiming statistical confidence. The analyst should state which case changes the
investment decision and which further measurement could materially narrow the uncertainty. The
resulting evidence chain can be updated after commissioning without rewriting the original
acceptance criteria.

5. Read the warranty as a specific remedial instrument

Trina Solar's March 2025 Rev.Z warranty provides a dated example. It specifies products,
exclusions, remedy choices and claim procedures; removal and reinstallation costs remain with
the buyer. Assignment is conditional on the products remaining at their original installation
location without subsequent movement or disassembly. This example does not establish the
revision governing a proposed order, its legal enforceability, or another manufacturer's
obligations. [9]

A proposed warranty assessment would begin with the executed supply contract and the
instrument incorporated into it. Counsel should reconcile the beneficiary, obligor, model list,
delivery date, territory, governing law and dispute route. Any statutory rights would require
jurisdiction-specific analysis. Product coverage, power-performance coverage and EPC
obligations would each receive their own entry. The underwriting team should obtain written
confirmation where these documents leave an ambiguity material to the transaction.

The remedial calculation would follow an assumed event through notification, evidence
collection, eligibility assessment and the available remedy. A replacement module, repair service,
additional capacity and cash settlement should each be represented according to the actual
instrument or a clearly stated modelling assumption. The owner's immediate costs would be dated
separately. Testing, safe access, removal, installation, compatibility work and production
interruption require explicit treatment even when the assumed module remedy has a high
headline value.

Claims administration belongs in the operating design. The proposed handover would preserve
serial-number records, purchase documents, installation approvals, maintenance evidence and
instructions for retaining defective items. A named person would monitor notice requirements
and obtain specialist advice on disputed causation. The model should avoid assigning a successful
claim simply because a measured result is below the investment case. Eligibility should be
assessed against the applicable contractual test and its measurement conditions.

Recovery timing is also an investment variable. The committee could examine a supported-
payment case, a delayed-payment case and a no-recovery case, with no probabilities attached
unless evidence supports them. Interim owner funding would be shown in the period of
expenditure. A later receipt would reduce the relevant balance when received. Any assumed
refund should be limited to the covered cost base; compensation for lost revenue would require
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separate authority. This structure keeps the physical restoration requirement visible through the
claims process and permits a transparent comparison of alternative negotiated protections.

6. Assess the entity expected to perform

Canadian Solar's 2025 Form 20-F, filed on 10 April 2026, discloses uncertainty in estimated
warranty costs and describes limits, deductibles and potentially delayed or disputed insurance
recoveries. It also discusses debt-related constraints on financial flexibility. These are that issuer's
dated disclosures, with no present solvency or counterparty rating assigned here. [10]

The proposed financial assessment would identify the precise warranty obligor and any separate
guarantor. The reviewer would request current financial information at the appropriate entity
level, together with the documents establishing support. Consolidated accounts would be
reconciled to the entity expected to pay or provide replacement equipment. A parent name on
marketing materials would provide no contractual support within this proposed framework
without the relevant executed undertaking.

Accounting balances require a separate cash assessment. The team should examine unrestricted
resources, debt maturities, operating cash requirements and material restrictions disclosed in
current evidence. A warranty provision would be treated as a liability estimate, with any asset
backing or segregated funds investigated independently. If an insurer or guarantor is involved,
diligence should establish the beneficiary, covered event, limits, expiry, exclusions and claims
route. Any availability conclusion would remain tied to the particular documents and their
verification date.

Counterparty stresses should be compatible with the physical scenario. A widespread assumed
event could place simultaneous demands on replacement production, service staff, freight and
cash. The investment case could therefore test reduced remedy availability and longer restoration
time together. This would be an author-selected scenario without a claimed empirical correlation.
A separate case could hold technical performance constant while delaying recovery, isolating the
financing consequence of the assumed payment schedule.

The committee would then compare proposed protections by funded cost and practical coverage.
Options might include retained cash, enforceable security, staged payments, spare stock or
alternative sourcing arrangements. Each option would require its own technical, legal and
financial review. Their costs should be included before calculating the net advantage of the
discounted offer. A supplier preference can be recorded as a conditional decision with explicit
monitoring dates. This framework supplies no ranking of manufacturers and no inference that a
disclosed risk has crystallised.

7. Reconcile the EPC handover and operating interfaces

[EC 62446-1:2016 describes customer handover information, commissioning tests and inspection
documentation for grid-connected PV systems. Its official page also identifies a 2018
consolidated amendment. Reliance is confined to the public description; no paid-clause
compliance assessment or particular project's acceptance is asserted. [11]

For the proposed transaction, the owner should define the interfaces between module supply,
structural design, installation, electrical equipment, commissioning and long-term maintenance.
Every unresolved interface would have a responsible party, a required deliverable and a decision

Chennakeshav Adya | The Cheap Module Trap | 2026



date. The assessment should identify who can authorise substitutions and who bears the
consequences if a replacement design requires modification of the existing plant. That allocation
would be established through executed documents and competent technical review.

Acceptance evidence should be linked to the event it supports. Receipt inspection concerns
delivered condition and identity. Installation records concern how equipment was assembled and
connected. Commissioning establishes a recorded baseline under specified conditions. The
proposed operating handover would transfer the records needed to interpret later observations and
pursue eligible remedies. These categories are analytical controls for this paper; they create no
contractual milestone or release right by themselves.

The EPC close-out schedule could retain unresolved defects, missing evidence and incomplete
training as distinct items. An analyst should examine any proposed release of retention or security
against the actual contract and the remaining cost exposure. The decision record would explain
what protection remains after each release, its expiry and the party able to call it. A paper
undertaking with unverified availability would remain an unresolved funding input in the
valuation.

Operational continuity requires an executable response plan. The proposed plan would identify
safe 1isolation, specialist access, spare compatibility, transport, storage and restoration
responsibilities. It should also preserve the owner's ability to investigate causation before
evidence is lost. If a replacement model is stipulated in a downside case, the scenario would state
any assumed engineering approvals, installation work and waiting period. The assessment should
disclose any unresolved grid, land or offtake consent requirement without inventing a standard
permission route. Acquisition diligence can then price the remaining scope or make resolution a
condition of completion.

8. Convert the evidence into a bounded underwriting decision

The proposed valuation bridge begins with the delivered purchasing saving, then deducts
incremental engineering, acceptance, protection and operating costs. Separate lines would record
assumed production losses, physical restoration expenditure and eventual recoveries. A payment
should appear once in its actual or stipulated period. The comparison would use a consistent plant
boundary and horizon, with any closure or residual-value treatment explained. Module-only
savings would be reconciled to total project uses before an equity or debt conclusion is drawn.

Three views would be presented to the investment committee. The first is operating value under
the stated technical scenarios. The second is the largest dated owner-funding requirement before
any assumed recovery. The third is the residual contractual exposure after verified protection.
These views need separate conclusions because a case with acceptable discounted value could
require more interim cash than the proposed capital structure supplies. A funding deficit would
need an identified cure or a revised transaction structure before the scenario could be described as
financeable within its assumptions.

Sensitivity analysis should expose the variables that control the purchasing decision. Candidate
tests include degradation, affected capacity, event timing, restoration duration, replacement cost,
remedy form and recovery lag. Joint cases could examine a concentrated batch event and reduced
supplier support, with the dependency expressly stipulated. The analyst should report the
switching conditions supported by the calculations and avoid assigning likelihoods from a
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certificate, warranty duration or manufacturer reputation. An isolated sensitivity would retain all
other assumptions so its mechanism remains intelligible.

For acquisition or refinancing, historical operating evidence would be reconciled to the proposed
lender case and the owner's contractual rights. Any reserve, covenant, advance rate or distribution
restriction would require actual agreed terms. This paper proposes no observed lender threshold.
The decision memorandum would state the remaining technical and legal questions, the cost of
resolving them, and the capital available if the selected stress occurs. A conditional offer could
then allocate the unresolved items through price, funded protection or completion conditions.

The resulting recommendation should identify a specific product population, an evidenced
operating context, an enforceable responsibility chain subject to legal review, and a dated cash
response. Its validity would depend on those inputs remaining accurate. A purchasing discount
can then be accepted, renegotiated or declined through a reproducible comparison, with the
reason for that decision preserved for subsequent monitoring.

9. Start with a common procurement and energy boundary

The following investment case is entirely fictional. Its purpose is to price a defined procurement
choice and expose the cash obligations that can follow it. Construction and procurement occur at
time zero, followed by twenty operating years. Both alternatives contain 60 MWdc of modules
connected to 50 MWac of conversion capacity. First-year delivered energy is stipulated at
108,000 MWh, after all ordinary plant losses. This is an input, with no weather simulation,
clipping calculation or commissioning forecast behind it. The reference module package costs
USD 12 million and the cheaper package USD 9 million. Both require USD 30 million of other
initial capital. The comparison therefore begins with a USD 3 million procurement saving and
identical starting electrical output.

All monetary values are expressed in constant dollars. Electricity receives an assumed USD
65/MWh throughout the horizon, annual operating cost is USD 1.050 million, and closure
requires USD 1.500 million in year twenty. The annual discount rate is 8%. Taxes, inflation,
subsidies, insurance, ordinary billing receivables and terminal asset value are excluded. Any
useful service or warranty protection after the horizon remains outside the calculated value. These
omissions define the decision boundary and require explicit reconsideration when applying the
method to a transaction. None of the stipulated prices, degradation rates or defect characteristics
represents an observed quotation, supplier history or industry benchmark.

The debt comparison holds financing constant to isolate procurement effects. Each principal
alternative draws USD 25 million at time zero, carries a 6% interest rate and repays through
twelve annual level payments. Initial sponsor cash pays the remaining construction cost and funds
a reserve equal to half an annual debt payment. Procurement savings therefore reduce initial
sponsor contribution dollar for dollar in this diagnostic; the model gives no additional debt draw
or distribution for purchasing cheaper equipment. Debt proceeds are a financing source and never
enter generation revenue or cash available for debt service. The reserve is a cash use at closing,
with its subsequent withdrawals, replenishments and release shown separately.

Asset NPV is the discounted sum of construction, operating, replacement, warranty and closure
cash. Debt and reserve movements are excluded from that unlevered measure. Annual cash is
treated as occurring at year end, while initial capital occurs at time zero. This convention permits
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a transparent comparison, although a replacement contractor requiring payment early in the year
could create an additional intrayear funding requirement. The investment committee would need
an actual payment calendar before converting the annual funding schedule into a committed
liquidity facility.

Every numerical input is author-specified and fictional. The perimeter is 60 MWdc, 50 MWac,
time-zero procurement and construction, and operating years 1 through 20. Initial module prices
are USD 12 million for the reference and USD 9 million for the cheaper offer, with USD 30
million of other capital in each case. First-year delivered energy is 108,000 MWh at USD
65/MWh; annual operating cost is USD 1.050 million and year-twenty closure costs USD 1.500
million. Annual degradation is 0.4% for the reference and 0.8% for the cheap event case. Cash is
in constant dollars and discounted at 8%. The event replaces 30% of DC capacity at the start of
year seven, loses 25% of that share's annual energy and resets only that share's age. All annual
cash is placed at year end. Module replacement costs USD 0.16/W; labour, logistics and EPC-
interface costs add USD 1.200 million, USD 0.400 million and USD 0.300 million. Coverage
applies to 80% of replacement module cost, with 60% collected two years later. Gross repair cost,
net claim and collected cash remain separate. Financing is held at USD 25 million, 6% interest
and twelve level annual repayments, with an initial reserve of half an annual payment. Reserve
movements and uncommitted sponsor top-ups stay outside CFADS and DSCR. There are no
empirical probabilities, tax, inflation, subsidies, insurance, terminal sale, post-horizon remedy
value, hourly dispatch or covenant cash-trap tests. The annual account cannot establish intrayear
funding sufficiency. Appropriate numerical values round to three decimals; calculations retain
greater precision.

Table 1. Physical and dated financial perimeter

Input | Reference [ Cheap case | Unit
DC capacity 60.000 60.000 MWdc
AC capacity 50.000 50.000 MWac
First-year energy 108,000.000 108,000.000 MWh
Module purchase 12.000 9.000 USDm
Other capital 30.000 30.000 USDm
Degradation 0.004 0.008 Fraction/year
Energy price 65.000 65.000 USD/MWh
Operating years 20 20 Years
Discount rate 0.080 0.080 Fraction

All inputs and outcomes are fictional. Money is USD million unless the row or column states another unit; figures are
deterministic and unweighted.

Table 2. Initial sources and uses

Item Reference Cheap case Timing
Total capital 42.000 39.000 t0
Debt draw 25.000 25.000 t0
Reserve funding 1.491 1.491 t0
Sponsor contribution 18.491 15.491 t0
Scheduled debt service 2.982 2.982 Years 1-12

All inputs and outcomes are fictional. Money is USD million unless the row or column states another unit; figures are
deterministic and unweighted. Fixed financing isolates procurement effects, no loan commitment is implied.

10. Separate the price diagnostic from changed lifetime output

The first diagnostic changes only module purchase cost. It retains the reference degradation
assumption of 0.4% a year and has no defect event. Its incremental asset NPV is exactly the USD
3 million initial saving because every later cash receipt and expense is unchanged. This provides
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a useful control for the procurement bridge. A different result would indicate that another
assumption had entered the comparison. The next diagnostic applies 0.8% annual degradation to
the cheaper modules while retaining an event-free operating schedule. These degradation rates
are author-specified scenarios; the calculation provides no estimate of their likelihood or
relationship to module price.

Annual output before any event equals first-year energy multiplied by one minus the selected
degradation rate, raised to the number of completed operating years. The first operating year
therefore contains no degradation deduction. Each later reduction changes electricity receipts at
the same assumed price. Ordinary operating expenditure remains fixed, so the model does not
infer labour savings from lower output. The resulting cash effect is visible separately from
construction saving, physical replacement expenditure and supplier recovery. This sequence helps
a purchaser identify the particular assumption responsible for losing an apparent price advantage.

The full cheap-supplier event case has an asset NPV of USD 13.656 million against USD 14.392
million for the reference, giving an incremental deficit of USD 0.736 million. Both alternatives
have positive absolute asset NPV under the fictional assumptions. The choice between them
depends on the incremental difference and their funding consequences. The result supports a
conditional preference for the reference in this specified comparison. It supplies no general
ranking of module suppliers and no estimate of a fair market procurement premium. A purchaser
with different energy prices, replacement responsibilities or usable recovery security must rerun
those terms.

The event-free reference is an analytical counterfactual. It does not assert that higher-priced
modules are immune to failure. A real evaluation should allow each candidate to carry its own
evidenced physical and contractual scenarios. Here, using one clean reference makes the
incremental risk budget legible. The model contains deterministic states without probability
weights, so its principal case cannot be described as an expected loss or a probability-adjusted
valuation. A weighted decision would require a separately justified scenario structure, including
dependencies between degradation, fleet defects and recoverability. No such probability evidence
is supplied by this illustration.

Table 3. Procurement diagnostics

Case Asset NPV Incremental NPV Minimum DSCR
Reference 14.392 0.000 1.901
Cheap price only 17.392 3.000 1.901
Cheap degradation only 15.567 1.175 1.803
Cheap event case 13.656 -0.736 0.145

All inputs and outcomes are fictional. Money is USD million unless the row or column states another unit; figures are
deterministic and unweighted. Incremental value is relative to the reference; debt and reserve cash do not enter asset NPV.
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Figure 1. Incremental procurement value through controlled diagnostics
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Author-created deterministic scenarios in USD million at an assumed 8% discount rate. The reference has zero
incremental value by definition. No scenario probabilities or supplier rankings are inferred.

11. Give the correlated event one physical and financial chronology

The event case stipulates a correlated defect affecting 30% of installed DC capacity at the
beginning of year seven. That is 18 MWdc within the original plant footprint. The affected share
is replaced with equipment having the same original energy contribution and the cheaper
alternative's continuing degradation rate. Its module age restarts in the replacement year. The
other 70% retains its original age and degradation history. This split makes the post-event output
improvement explicit. Resetting the entire plant or adding a separate recovery uplift would
overstate the replacement benefit.

During the event year, the replacement share loses 25% of its otherwise available annual energy.
The remaining contribution is calculated from new modules, representing a simplified part-year
installation and return to service. The model deducts this outage once. It contains no additional
blanket defect haircut, no second plant-wide outage and no separate cash expense for the same
lost electricity. Revenue already reflects the reduced MWh. The assumed annual fraction is an
accounting simplification without a seasonal generation profile; engineering diligence must
establish whether the physical sequence and access plan can support it. A replacement package
that requires inverter, mounting or cabling changes would need additional scope and outage
inputs.

The fictional replacement invoice totals USD 4.780 million in year seven. Modules cost USD
2.880 million, calculated from 18 MWdc and USD 0.16 per watt. Labour adds USD 1.200
million, logistics USD 0.400 million and EPC-interface work USD 0.300 million. These are
separately identified owner cash costs. The model assumes that the stated labour and logistics
amounts already cover the replacement works required within this scenario. It adds no residual
value for removed modules and no insurance proceeds. Additional disposal or remediation
obligations absent from that invoice would require a new cash line and could change the
procurement decision.
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The supplied stresses vary affected DC share, outage fraction and non-module replacement scope
independently. The labour, logistics and interface costs remain fixed when only the affected share
changes; those cases therefore test an explicitly fixed service envelope. They should not be read
as a cost function calibrated to project size. The separate scope multiplier changes those three
cash items together. This distinction gives procurement teams two different questions: how much
equipment is exposed, and what an executable replacement service package actually includes.
Both must be resolved before accepting the modelled replacement budget.

Table 4. Replacement and claim boundary

Item Amount ‘ Cash year Treatment
Modules 2.880 7 Replacement outflow
Labour 1.200 7 Uncovered outflow
Logistics 0.400 7 Uncovered outflow
EPC interface 0.300 7 Uncovered outflow
Total replacement 4.780 7 Paid once
Gross module claim 2.304 7 Noncash claim
Recovery haircut 0.922 7 Not receivable
Net receivable 1.382 7 Noncash addition
Collected warranty 1.382 9 Cash inflow

All inputs and outcomes are fictional. Money is USD million unless the row or column states another unit; figures are
deterministic and unweighted. Recovery applies only to stipulated covered module cost,; no insurance or second
compensation source.

Figure 2. Stipulated generation before and after fleet replacement
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module age; its year-7 outage is deducted once. No engineering or lifetime forecast is claimed.

12. Value collected remedies through a dated receivable account

The warranty illustration assumes coverage of 80% of replacement module cost. Applying this
fraction to USD 2.880 million produces a gross claim of USD 2.304 million. A further 60%
recovery fraction gives a net claim of USD 1.3824 million. The remaining USD 0.9216 million is
removed from the claim account immediately through the stipulated recovery haircut. That
haircut represents a deterministic recovery assumption encompassing the model's credit and
settlement limitation. It is neither an empirically estimated default probability nor a conclusion
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about enforceability. Labour, logistics and EPC-interface expenditure receive no reimbursement
in this case.

The net claim is added to a receivable account in year seven and collected in year nine. Opening
receivable plus net additions less collections equals closing receivable in every year. Recognising
the claim changes no operating cash and pays no lender instalment. Only the actual collection
enters the cash schedule. Replacement cost is paid gross, and received warranty cash is
subsequently added once. The model includes no simultaneous invoice offset, supplier-provided
replacement equipment or insurance reimbursement. If an actual contract supplies an in-kind
remedy, the purchaser would need a different schedule that reconciles the avoided cash purchase
with delivery and installation timing.

Partial, zero, full and delayed recovery cases show how a nominal remedy changes economic
value and funding. The recovery fraction always applies to the coverage-limited module claim. A
100% collection scenario therefore collects the entire assumed covered claim, with non-covered
module cost and the other service costs remaining with the owner. The fifteen-year collection-lag
case puts payment beyond the twenty-year valuation horizon. Its claim remains visible as an
outstanding stock, and no terminal value is assigned to it. A separate late-event case likewise
shows how a year-eighteen replacement can leave a claim outstanding at closure.

The algebraic recovery fraction needed to restore parity with the reference is approximately 1.239
under the remaining base assumptions. This exceeds the model's feasible range of zero to one.
Full collection of the stipulated covered claim therefore leaves an economic shortfall in this
comparison. Enlarging recovery beyond that boundary would require a different scope of
compensation, a lower purchase price or another changed input. The threshold directs negotiation
toward the size and coverage of the remedy as well as supplier credit. It provides no basis for
assuming that consequential energy losses or owner interface costs are payable under an actual

warranty.
Table 5. Event cash and receivable timeline
Year | Replacement [ Warranty cash | Closing claim
6 0.000 0.000 0.000
7 4.780 0.000 1.382
8 0.000 0.000 1.382
9 0.000 1.382 0.000
10 0.000 0.000 0.000

All inputs and outcomes are fictional. Money is USD million unless the row or column states another unit; figures are
deterministic and unweighted. The event occurs at the start of year 7, all annual cash is discounted at year end.

Table 6. Recovery amount and collection timing

Case Incremental NPV \ Later sponsor Terminal claim
Cheap event case -0.736 1.059 0.000
Recovery 0% -1.428 1.059 0.000
Recovery 25% -1.139 1.059 0.000
Recovery 100% -0.275 1.059 0.000
Recovery lag 0 -0.621 0.000 0.000
Recovery lag 1 -0.681 1.059 0.000
Recovery lag 4 -0.835 1.059 0.000
Recovery lag 15 -1.428 1.059 1.382

All inputs and outcomes are fictional. Money is USD million unless the row or column states another unit; figures are
deterministic and unweighted. Claims outstanding after year 20 receive no terminal cash value.
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Figure 3. Replacement cash, warranty collection and outstanding claim

Replacement payment precedes warranty collection
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USD million. The net claim is a noncash stock until collected in the stipulated year. Gross claim, recovery haircut and
received cash are separate; no actual warranty entitlement or insurance recovery is assumed.

13. Carry the event through fixed debt and cash reserves

The fictional loan has annual debt service of USD 2.982 million and an initial cash reserve of
USD 1.491 million. Each year's interest is calculated on opening debt; principal is the scheduled
payment less interest, with the final payment clearing the remaining balance. All alternatives
retain the same maturity. Cash available for debt service comprises electricity receipts less
operating, replacement and closure payments, plus warranty cash actually collected. This is the
model's expressly defined cash convention. Contractual lender definitions could exclude
extraordinary receipts or treat replacement expenditure differently, requiring a separate covenant
calculation.

In the event case, the year-seven replacement payment drives the minimum cash DSCR to
approximately 0.145. Available reserve is drawn against the shortfall after scheduled service is
calculated. The full USD 1.491 million reserve is used, and the remaining USD 1.059 million
requires a sponsor top-up. That contribution is an uncommitted funding need in this model. It is
excluded from CFADS and supplies no improvement to the reported DSCR. Earlier annual
surpluses are distributed under the assumed cash waterfall, so they are unavailable as an
accumulated project cash balance when the event occurs.

Subsequent positive cash first replenishes the reserve up to its original target before residual
distribution. The remaining reserve is released after the final scheduled payment in year twelve.
The plotted year-twelve reserve reduction consequently has a different cause from the event-year
draw. Both movements appear in the cash identity, alongside debt service, sponsor support and
distributions. Each annual source and use reconciles. Distribution amounts are mechanical
residuals; lender cash traps, distribution tests, sponsor support enforceability and restrictions on
reserve access are not implemented. The annual model also supplies no assurance that early
replacement invoices can wait for year-end electricity collections.
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Reduced-debt and all-equity cases make the financing convention transparent. Changing
financing leaves the unlevered procurement comparison unchanged while altering initial sponsor
cash, service obligations and available reserve. The all-equity case has no meaningful DSCR,
displayed as N/A. A mathematical debt ceiling is also calculated from the lowest annual CFADS
and the assumed 1.25 coverage target under level amortisation. This is a constrained arithmetic
diagnostic, with no claim of lender appetite or an executable term sheet. A dedicated repair
facility, different amortisation or retained operating cash would require an explicit revised
waterfall and its own costs.

Table 7. Fixed debt and liquidity bridge

Year CFADS \ Debt service Sponsor top-up
6 5.694 2.982 0.000
7 0.432 2.982 1.059
8 5.684 2.982 0.000
9 7.013 2.982 0.000
10 5.577 2.982 0.000
11 5.524 2.982 0.000
12 5.472 2.982 0.000

All inputs and outcomes are fictional. Money is USD million unless the row or column states another unit; figures are
deterministic and unweighted. Reserve movements and sponsor cash are excluded from CFADS and DSCR; cash warranty
collections are included.

Table 8. Funding structure diagnostics

Initial sponsor Later sponsor Minimum DSCR
Reference 18.491 0.000 1.901
Cheap event case 15.491 1.059 0.145
Reduced debt 24.895 0.462 0.242
All equity 39.000 0.000 N/A

All inputs and outcomes are fictional. Money is USD million unless the row or column states another unit; figures are
deterministic and unweighted. All-equity DSCR is N/A. Residual distributions have no covenant cash-trap tests; later

sponsor support is uncommitted.

Figure 4. Cash available for debt service and the event-year funding gap

Event-year cash and the unchanged debt schedule

Fixed debt service —&— Closing reserve Il CFADS

USD million
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Year

Fictional USD 25 million debt at 6% with 12 annual payments. CFADS includes paid replacement and collected warranty
cash. Reserve withdrawals and sponsor support remain outside CFADS; the year-12 reserve reduction is a scheduled
release.
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14. Turn supplier uncertainty into a conditional procurement limit

The event case requires a time-zero procurement saving of USD 3.736 million to equal the
reference asset NPV. With reference modules priced at USD 12 million, the corresponding
maximum cheap-module purchase cost is USD 8.264 million. The assumed offer of USD 9
million sits above that conditional ceiling. All other cash is held fixed when solving this
threshold. An additional initial owner cash expense consumes value dollar for dollar; changing an
operating expense or recovery date requires discounting it at the relevant year. These switching
values are tied to the specified scenario and cannot be transferred unchanged to another plant or
warranty structure.

The degradation and recovery grid provides a negotiation envelope. Each cell reruns the full
physical and cash chronology with a different annual degradation rate and collected share of the
covered claim. Cells show the construction saving needed to restore parity, with no probability
weighting. A lower recovery assumption and faster degradation can jointly increase the required
saving. The grid separates evidence requests: performance testing addresses the output path,
while counterparty and contract diligence address collectible remedy cash. Evidence supporting
one dimension does not establish the other.

Electricity-price stresses change both the cheap case and its reference to the same new price. This
maintains a consistent alternative when valuing changed generation. Higher electricity prices
increase the value of lost output, including the event-year interruption, while replacement
invoices remain fixed. The scenario list also includes a larger replacement-service scope and
complete event-year loss of the affected share. These calculations are conditional downside cases.
They contain no assumption that several independent stresses must occur together, and no
estimated joint probability. A committee choosing a combined downside should state the
dependency and rerun a coherent combined case.

The procurement approval should identify the offer price, evidence-supported performance case,
priced replacement scope and available funding for the specified cash shortfall. It should also
state which unresolved input could overturn the ranking. For the illustrated offer, full collection
of the existing covered claim alone cannot restore parity. Price adjustment or a changed
allocation of uncovered costs would need quantification. Separately, the fixed-debt event case
requires support when repairs occur, even though absolute asset NPV remains positive. The
model therefore yields two explicit conditions for a decision: an acceptable incremental
procurement value and a funded, contractually usable response to the dated operating event.

Table 9. Operational and replacement stresses

Case Incremental NPV Minimum DSCR \ Required saving
Defect share 10% -0.201 0.884 3.201
Defect share 50% -1.271 -0.594 4.271
Outage fraction 0 -0.429 0.322 3.429
Outage fraction 0.5 -1.043 -0.032 4.043
Outage fraction 1 -1.658 -0.385 4.658
Power price 40 -0.106 -0.663 3.106
Power price 90 -1.366 0.953 4.366
Replacement scope x0.5 -0.182 0.464 3.182
Replacement scope x2 -1.845 -0.492 4.845

All inputs and outcomes are fictional. Money is USD million unless the row or column states another unit; figures are
deterministic and unweighted. Power-price stresses also change the reference price. Other variables remain fixed. No
probability is assigned.
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Table 10. Switching conditions

Measure Value Unit Boundary
Required procurement 3.736 USDm At t0
saving
Maximum cheap module 8.264 USDm Other cash fixed
price
Required recovery fraction | 1.239 Fraction May exceed 1
Extra event cash headroom | -1.261 USDm Negative means deficit
Reference premium 0.736 USDm Beyond offered difference
justified

All inputs and outcomes are fictional. Money is USD million unless the row or column states another unit; figures are
deterministic and unweighted. Algebraic thresholds can lie outside feasible contractual ranges.

Figure 5. Procurement saving required across degradation and recovery assumptions

Required t0 procurement saving (USD million)
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Each cell is a deterministic t0 saving in USD million needed to equal the reference asset NPV. Recovery is a share of the
already coverage-limited module claim. The grid has no probability interpretation and does not establish a market price.

15. Define responsibility across supplier and EPC interfaces

The proposed procurement process begins with a responsibility schedule attached to the technical
specification. Identify the contracting entity for modules, transport, installation, electrical
integration, commissioning and subsequent service. For each interface, name the party that
controls the work and the party expected to investigate a failure. Record obligations retained by
the owner, including access, isolation, storage and operating information. A single contract price
can contain several distinct performance promises. The review should expose those promises and
their exceptions before a committee approves the procurement package.

Use a common incident description when requesting supplier and EPC responses. Record the
affected serial numbers, installation locations, observed condition, operating history and sequence
of interventions. Ask each party to identify the evidence supporting its proposed explanation and
the additional investigation required. An unexplained difference between factory output and field
performance should remain an unresolved cause until the relevant assessment supports
attribution. The proposed protocol assigns an investigation leader, preserves samples and records

Chennakeshav Adya | The Cheap Module Trap | 2026



who may authorise destructive examination. Safety decisions remain with appropriately qualified
personnel under the site's accepted procedures.

The commercial schedule should address concurrent causes and incomplete evidence. Ask
advisers to examine how the actual agreements treat a module defect combined with installation
damage, incompatible components or an operating event. Identify notification recipients,
inspection access and any process for coordinating competing experts. The owner needs an
interim restoration plan while liability is disputed. That plan should show its gross expenditure
and separately identify a potential recovery, with no assumption that the two occur on the same
date. Urgent work should preserve the records needed for the later claim where practicable.

Compare procurement structures using their retained responsibilities. Direct module purchasing
gives the owner a separate supplier relationship and an additional integration interface to
administer. A bundled EPC proposal should identify which supplier obligations the EPC
contractor actually accepts and which remain subject to exclusions or separate claims. Neither
structure supplies an automatic recovery outcome. The proposed approval record should name the
owner of every unresolved interface, the cost of administering it and the condition required
before award. Legal and engineering reviewers should confirm whether the chosen documents
and work procedures implement that allocation.

Table 11. Proposed supplier and EPC responsibility comparison

Interface Evidence required Decision owner Unresolved exposure

Module supply Specification and remedy Procurement lead Product claim
terms

Transport and storage Condition and custody Logistics lead Damage attribution
record

Installation Accepted work and EPC manager Workmanship claim
inspection record

Electrical integration Compatibility assessment Technical adviser System interface

Disputed incident Common evidence and Owner claims lead Interim restoration cash
response plan

Author-proposed allocation review. Actual contracts and qualified advisers determine responsibility and available
remedies.

16. Control the approved product through factory and batch records

The proposed product register connects the approved specification to each delivered batch.
Record the module designation, relevant construction description, manufacturing location, bill-of-
materials revision, serial-number range and associated test evidence. The technical reviewer
should determine which underlying component details are needed to evaluate the proposed
application. Retain the version accepted at award and subsequent changes as distinct records. A
product name appearing on an invoice is insufficient for this proposed acceptance process when
the agreement requires a particular construction, location or revision.

Require a documented substitution request before a changed product is released under the
proposed contract. The request should identify the change, affected quantities, manufacturing
dates, supporting evidence and consequences for the agreed equipment interfaces. Include
dimensions, connectors, mounting arrangements and operating specifications where relevant to
the accepted design. The reviewer should state which prior conclusions remain applicable and
which require additional assessment. Commercial approval should also address price, delivery,
spare availability and the proposed warranty treatment. A substitution should retain its unresolved
conditions until the responsible reviewers accept the package.

Chennakeshav Adya | The Cheap Module Trap | 2026



Traceability should work in both directions. A reported field issue should lead back to the
relevant delivery and production records; a supplier notice should identify the affected installed
locations and unused stock. Ask the EPC contractor to demonstrate that mapping using a limited
set of actual records before final handover. Reconcile missing or duplicate serial numbers and
retain the correction history. The owner should specify who maintains the register after
commissioning and how records pass to a replacement operator. Access rights to supplier-held
evidence need explicit commercial treatment when the owner depends on them for a future claim.

Set the detail of the record request against its practical use. An extensive register creates
administration and verification work, so each required field should support an identified
acceptance, compatibility or claims decision. Record limitations where the supplier will provide
only an attestation or restricted information. The committee can then decide whether additional
inspection, a narrower approved supply scope or another procurement proposal is required. The
framework provides no finding that a particular component change affects reliability; that
judgment requires product-specific evidence and qualified technical assessment.

Table 12. Proposed approved-product and substitution controls

Original approval Change evidence Release decision
Product construction Accepted revision Component change dossier | Technical review
Manufacturing site Approved location Site-specific evidence Scope acceptance
Serial and batch mapping Delivery register Affected quantities Traceability closure
Equipment interfaces Accepted design Compatibility assessment Design acceptance
Commercial terms Award exceptions Price and warranty Contract approval
treatment

oc reliability effect without product-specific evidence. The ix describe: osec
No component change is assigned a reliability effect without product-specific evidence. The matrix describes a proposed
control process.

17. Release payments against inspection and disposition evidence

The proposed inspection plan defines the batch, sampling basis, test method, acceptance criteria
and responsible reviewer before manufacture or shipment. Specify the purpose of each
inspection: identity, workmanship, electrical output, transport condition or another agreed
attribute. The technical adviser should explain what the selected sample can support and which
defects may remain undetected. No universal sample size or statistical confidence is assumed
here. An agreed sample result should retain its tested population and limitations in the payment-
release record.

Align each payment milestone with evidence available at that point. A proposed factory release
can require the agreed production and inspection documents; delivery can require quantity and
condition reconciliation; installation acceptance can require the relevant field records. Identify
who certifies each condition and which documents the payer actually receives. A payment
schedule should also state the treatment of an incomplete submission. Commercial withholding,
retention and release rights require agreement and legal review. This framework does not assume
that a purchaser can unilaterally delay an otherwise due payment.

Create a disposition register for nonconforming items. Record the affected quantity, physical
location, proposed repair or replacement, technical assessment, contractual position and decision
deadline. Separate stock awaiting investigation from stock accepted for installation under a
documented concession. A concession should specify its exact scope and the evidence required to
close it. Ask the programme manager to show how quarantined stock affects installation
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sequencing and replacement deliveries. The funding schedule should include storage, repeated
handling and continued contractor mobilisation where these are part of the proposed response.

A payment hold also has a programme consequence. Examine whether replacement stock, access
to records or completion work depends on continuing cooperation with the counterparty. The
proposed decision should compare the amount held, the work still required, available alternatives
and any security that can actually be called under its terms. Release of an undisputed amount can
be considered separately from acceptance of a disputed batch. Record the commercial rationale
and approvals so that a later buyer can distinguish completed acceptance, an agreed concession
and an unresolved obligation. A clean payment ledger alone provides no evidence that every
technical exception was closed.

Table 13. Proposed inspection and payment-release comparison

Milestone Evidence Exception route } Cash decision

Factory release Agreed sample and records | Investigate affected batch Apply agreed release terms
Delivery Quantity and condition Quarantine or reconcile Identify disputed amount
Installation Field acceptance record Repair or concession Retain open obligation
Replacement Completed disposition Re-test agreed scope Close retained amount
Final handover Exception register Named residual actions Document acceptance basis

Sampling limits and withholding rights require their own technical and contractual review, no universal test or payment
entitlement is assumed.

18. Turn warranty wording into a dated recovery account

The proposed warranty review converts the actual document into a claim schedule. Record the
beneficiary, covered product, commencement date, duration, performance definition, notification
route and documents required. Identify who determines eligibility and who selects the permitted
remedy. Ask counsel to assess the relevant limits, exclusions, transfer requirements, governing
terms and interaction with the supply or EPC agreement. These questions must be answered from
the applicable documents. A warranty summary in a sales presentation should remain separately
identified until reconciled with the proposed executed terms.

Prepare one gross restoration budget before applying a potential recovery. Separate replacement
equipment, removal, installation, transport, customs, testing, access work and the cash
consequence of interrupted generation. Then map each item to a specific proposed claim or
retained owner cost. A replacement module supplied in kind and a cash reimbursement produce
different funding schedules. A reduction in future purchases also requires its own treatment. The
cash model should recognise the assumed remedy once, at its assumed receipt date, and retain
any uncertainty about eligibility or collection.

Assign an owner to the notice and evidence process. The proposed claim file contains the product
identity, observed condition, relevant measurements, operating records, communications and
authorised interventions. Record when the issue was discovered and when each notice was sent or
acknowledged. Ask the adviser to identify deadlines from the actual agreement and the
consequences of missing required steps. The asset manager should have access to the records
even when the original EPC contractor has left the project. An incomplete file should appear as
an unresolved recovery condition in the investment reporting.

Credit support needs a parallel examination. Identify the obligor, instrument, beneficiary, expiry,
permitted claim grounds and proposed collection process. Compare its scope and amount with the
gross exposure and the expected timing of replacement work. A parent undertaking, security
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instrument and funded cash balance require their own document and credit review. The proposed
financing case should disclose amounts that remain unsupported or expire before the relevant
exposure. Neither a stated warranty term nor an instrument's face value is treated here as
evidence of cash available on the restoration date. A lender should receive the cost, claim and
funding accounts separately.

Table 14. Proposed warranty recovery and funding bridge

Cost or right

Gross owner exposure Recovery evidence Timing question

Replacement equipment Purchase or in-kind need Eligible remedy When supplied?

Removal and installation Contractor expenditure Express coverage When paid?

Freight and access Logistics expenditure Accepted claim item Who advances cash?

Interrupted generation Lost collections Applicable recovery term When collected?

Credit support Remaining net exposure Instrument and obligor Does support remain valid?
review

Each cost enters once. Potential claim proceeds remain separate from gross restoration expenditure and available
liquidity.

19. Fund continuity through supplier failure and replacement

The proposed continuity plan starts with the work that must continue if the original supplier
cannot perform. Identify the equipment, technical information, installation resources and
approvals required to restore service. Ask the engineering adviser to assess candidate replacement
compatibility with the actual array and electrical design. A nominally similar rating should
remain insufficient for this proposed decision until the relevant interfaces have been reviewed.
Procurement should retain quotations, validity periods, lead-time assumptions and conditions for
the proposed replacement route without treating them as committed supply.

Set a spare-stock policy around a stated operational objective. Identify which failures the stock is
intended to address, where it will be held, who owns it and how it will be inspected and released.
Compare the purchase and storage cash with the assumed effect on restoration timing. Record
unused stock at the model's terminal boundary explicitly, including any disposal cost or
unsupported resale assumption. A larger inventory can reduce dependence on an immediate
purchase under the stipulated scenario while increasing committed cash and stewardship
obligations. The preferred quantity requires evidence about the site's equipment and service
strategy.

Separate an alternative supplier from an executable replacement package. The package should
include engineering review, access, lifting and handling, electrical work, commissioning, disposal
and the records needed for continued operation. Identify the rights needed to use drawings,
software or technical information held by another party. Seek advice on their availability
following supplier or contractor failure. The owner should also establish who can approve
emergency expenditure and how essential work is funded while recoveries are assessed. Potential
insolvency distributions or disputed security receipts should remain conditional in that cash
schedule.

Test continuity under a specified interruption of the preferred route. A scenario can delay
replacement supply, reduce the quantity available or require a revised installation method, with
each assumption shown separately. The decision record should identify the additional cash, lost
generation and remaining unresolved approvals. Avoid assigning occurrence probabilities without
supporting evidence. This stress process supports a choice about contingency funding, spare stock
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and supplier concentration. It supplies no prediction of a manufacturer's failure or assurance that

a replacement route will remain available when needed.

Held spare stock

Table 15. Proposed continuity-route comparison

Cash commitment
Purchase and stewardship

Evidence needed
Inventory and compatibility

Remaining condition
Available usable quantity

Original supplier remedy

Interim owner funding

Eligibility and delivery
plan

Supplier performance

Alternative supplier

Replacement package

Quotation and engineering
review

Supply and approval

Modified installation

Design and execution cost

Accepted revised method

Required consents

Deferred restoration

Operating cash

Defined affected capacity

Decision authority

consequence
Routes are proposed options, with no assumed vendor failure probability, committed replacement supply or guaranteed

restoration period.

20. Transfer the evidence and action register at investment handover

The proposed handover package is organised around obligations the incoming owner must
perform or enforce. Reconcile installed equipment and spare stock with approved revisions,
delivery records, field locations and acceptance decisions. Include open defects, concessions,
notices and unresolved claims alongside completed tests. The buyer should be able to follow a
selected module from purchase approval to installation and its current warranty status. Missing
records should have a named recovery action, responsible party and agreed completion condition.

Review the transfer of rights separately from delivery of files. Ask advisers to identify
assignments, consents, notifications and beneficiary changes required by the actual contracts and
support instruments. Confirm which party may pursue an existing claim after completion and
who bears its costs. Where the seller retains a recovery or indemnity obligation, record the
evidence and cooperation the buyer must provide. This framework assumes no automatic
transferability. Any outstanding condition should remain visible in the transaction's closing and
post-closing action schedules.

The operating team should receive a usable calendar of required actions. Include inspections,
claim notices, document renewals, security expiries and unresolved acceptance dates supported
by the actual records. Assign an accountable owner and escalation route for each action. Test the
process through one selected open issue before handover: locate the evidence, identify the
decision, establish authority to spend and reconcile the proposed cash treatment. This exercise
assesses the completeness of the proposed workflow; it does not establish the merits or
collectability of the claim.

Finally, preserve the connection between the procurement decision and subsequent evidence.
Retain the accepted specification, commercial exceptions and assumptions that justified the
purchase, followed by actual deliveries, operating observations and claim receipts. A changed
counterparty or equipment configuration should trigger review of the affected obligations and
funding entries. The investment committee can require closure of a defined action list, a funded
interim response or a documented acceptance of remaining exposure. This creates an
implementable handover decision with identifiable responsibilities while leaving engineering,
legal and credit conclusions to their appointed reviewers.
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Table 16. Proposed investment handover action register

Handover item Required reconciliation . Accountable role Acceptance condition

Installed equipment Batch to field mapping Asset manager Usable register

Open defects Evidence and disposition Technical lead Named response
Warranty rights Transfer and notice terms Legal adviser Required steps completed
Recovery and support Beneficiary and expiry Commercial lead Dated funding account
Outstanding actions Authority and deadlines Incoming owner Agreed closure plan

Transferring records and transferring enforceable rights are separately reviewed. No actual transaction acceptance is
reported.

21. Selecting bids when evidence differs

The proposed bid comparison starts with a common physical and contractual scope. Each offer
should describe the delivered DC capacity, module construction, permitted substitutions, delivery
location, inspection obligations and allocation of installation costs. Commercial teams can then
identify a genuine price difference. A comparison that leaves one offer responsible for freight,
spares or independent testing while omitting those items from another cannot isolate the module
discount. The buyer should retain both the quoted invoice and an adjusted procurement account
so that an adjustment remains visible and contestable.

A useful approval record contains a measured input, its evidence and the consequence of
changing it. For degradation, this means identifying the basis of the proposed generation
trajectory, the uncertainty around that basis and which operating years influence the decision. For
a defect remedy, it means naming the covered cost, the obligated entity and the assumed receipt
date. A commercial promise can support a negotiation position while remaining insufficient for a
quantified recovery assumption. The investment committee should see which proposed bid
advantage disappears when an unsupported input is removed.

The financial comparison in this paper is conditional. Its break-even module price answers what
purchase saving would offset the specified difference in dated project cash flows. It provides no
estimate of the probability that the defect occurs. That distinction is important in procurement: a
decision-maker can use a conditional stress to set a tolerance, request security or reject an
exposure without presenting the stress as an expected loss. An expected-value calculation would
require a defensible distribution of technical and credit outcomes, including dependence between
them. The available case does not supply that distribution.

The buyer can use the switching value as a negotiation boundary after deciding whether the
residual risk is acceptable. A supplier may offer a lower price, stronger security, different
approved construction or a remedy that pays earlier. Each change belongs in its own model input.
Security fees and carrying costs should enter the same comparison. A combined discount-rate
adjustment leaves the committee without a separate valuation of each proposed improvement.

An approval can also remain conditional on defined evidence. Examples include completion of
agreed batch testing, removal of a particular substitution right or delivery of a specified guarantee
before shipment. These are proposed procurement conditions, subject to transaction-specific
technical and legal review. Their value depends on the owner's practical ability to withhold
payment, obtain replacement supply and preserve the construction programme when a condition
is missed. A condition with an unaffordable enforcement consequence deserves an explicit
funding and schedule plan.
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22. Acquisition pricing and the remaining module obligation

A buyer acquiring a solar project inherits a particular installed population. Due diligence should
reconstruct that population by manufacturer, model, production period, construction version,
batch and replacement history. The proposed acquisition review reconciles those records with the
generation model, operating incidents, outstanding claims and remaining contractual rights. A
headline description of installed capacity leaves important differences unresolved when the
modules actually installed differ from the equipment originally approved for financing.

The valuation bridge should use a defined transaction perimeter. An asset-level discounted cash-
flow adjustment can capture future generation and restoration expenditure. An equity-price bridge
separately considers debt, cash, restricted reserves and any claim receivable included in the sale.
If a restoration expense is already deducted in the asset cash flow, deducting the same expense
again as a completion-price item would understate value. If the seller retains an existing warranty
claim, the buyer's model should remove the associated receipt even when the physical restoration
work remains within the acquired asset.

The same discipline applies to a reserve or seller indemnity. Cash transferred in a dedicated
account is an identifiable source of liquidity, subject to its permitted uses and release conditions.
An indemnity is a contractual claim whose value depends on its trigger, survival period, caps,
procedure and payer. The buyer should compare an indemnity's enforceable coverage with the
specific forecast exposure. The paper proposes keeping these instruments distinct in the purchase-
price analysis, with specialist advice on their actual legal operation and accounting treatment.

Closing dates can separate the party holding the evidence from the party bearing the economic
loss. An unresolved defect may require access to pre-closing inspection records, supplier
correspondence and EPC documents after ownership changes. The proposed sale process
therefore defines data delivery, custody, cooperation and claim control before closing. Required
transfer consents should be identified from the particular warranty and project documents.
Neither a seller's representation that a warranty exists nor an old purchase invoice establishes that
the buyer can recover the costs modelled in the valuation.

For a portfolio transaction, the buyer should also examine shared exposure. Several plants may
contain the same construction version or rely on the same obligated entity. Diversifying project
locations would then leave some manufacturing and recovery risks common. The illustration
models a correlated defect within one plant only. Extending its results to a portfolio requires a
separate population map, dependence assumptions and cash-flow account for each borrowing
entity. Portfolio diversification benefits cannot be calculated from the single-plant stress alone.

23. Using Al and operational data in module diligence

The proposed data application is a controlled reconciliation of documents and physical assets. Its
design would connect purchase orders, serial numbers, approved bills of materials, inspection
records, installation positions and subsequent incidents. Proposed language-model tasks include
extracting a candidate warranty obligation and identifying inconsistent product descriptions for
review. A useful output identifies the original document, version, page and relevant passage so
that an engineer or lawyer can verify the proposed interpretation. The paper reports no measured
accuracy, time saving or commercial return for such a system.
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Model development requires a specified review task and evaluation sample. A warranty
extraction test might compare the system's proposed obligated entity, covered remedy,
exclusions, claim deadline and assignment conditions with expert-labelled records. The
evaluation should record missing fields and contradictory provisions as errors with potential
decision consequences. A generic summarisation score would provide limited evidence about
whether the system correctly distinguished replacement modules from labour, freight or lost
generation. Any production use would require a review process appropriate to those
consequences.

Operational analysis needs similar controls. Weather-normalised generation, inspection imagery
and event records can be assembled into an investigation dataset, with the measurement boundary
and equipment configuration documented. A detected anomaly should lead to an engineering
investigation before it changes an asserted defect rate or warranty claim. Candidate explanations
may include sensor error, curtailment, soiling, inverter availability, shading, installation damage
or module degradation. The proposed workflow keeps the physical observation, explanation,
financial adjustment and responsible reviewer as separate records.

Changing manufacturing construction creates an additional evaluation problem. An algorithm
trained on one module population may encounter another with different materials, geometry or
failure signatures. The operator should define how new populations are recognised, how evidence
is reviewed and when the model's previous validation is insufficient. This is an implementation
proposal grounded in the need to identify the product actually being evaluated; it supplies no
claim that Al can predict a module's service life. The cash-flow model should continue to show
the uncertainty remaining after the investigation.

24. Limits of the research and the approval decision

This paper combines public technical and contractual evidence with an original deterministic
investment illustration. Official standard summaries support the stated scope of qualification,
safety and manufacturing controls. Public research reports retain their tested populations and
observation periods. The dated manufacturer warranty is an example of one instrument, with its
own applicability and wording. The issuer filing describes that issuer and reporting period. These
sources do not establish a current offer, project eligibility, supplier ranking or expected failure
distribution for a proposed procurement.

The illustration deliberately separates physical loss, restoration expenditure, warranty receipts
and financing cash. Its initial prices, generation, degradation, defect share, recovery haircut,
timing, discount rate and loan terms are author-specified assumptions. The twenty-year boundary
excludes later service and any remaining warranty value. The financial model omits tax, inflation,
insurance, hourly dispatch, merchant-price changes, refinancing and terminal sale. Its stated
minimum coverage and sponsor funding apply to the specified annual account; an actual project
would additionally need a dated construction and operating liquidity model.

The resulting approval questions are concrete. Can the buyer identify the equipment and evidence
behind the proposed generation case? Does the contract allocate the anticipated remedy to an
entity whose payment can be assessed? Can the project fund restoration before recovery? Does
the purchase saving compensate for the exposure the committee has chosen to test? A final
decision requires the project's engineers, procurement team, legal advisers and financing parties
to resolve those questions using the actual documents and asset conditions. The paper's
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contribution is the linked analytical account and proposed decision process, with their
assumptions available for challenge.

Frequently Asked Questions

Can a cheaper module offer still be attractive?

Yes, under a specified comparison. The price-only diagnostic retains identical operating cash and
adds exactly the initial procurement saving to value. The other cases change degradation,
replacement and recovery assumptions separately. A real procurement requires evidenced inputs
for each candidate; the illustration provides no supplier ranking or claim that price predicts
failure.

What does module qualification establish for an investor?

Review the scope of the actual qualification and the identity of the tested construction. The cited
IEC public summary states that useful life depends on design, environment and operating
conditions, and that test results are not a quantitative lifetime prediction. Project diligence should
connect certificates, approved construction, manufacturing records and site conditions. [1]

Why are replacement costs and warranty claims modelled separately?

The fictional owner pays the entire replacement invoice in year seven. A coverage-limited,
recovery-adjusted claim is then collected in year nine. Treating the claim as cash at recognition
would understate the funding gap. An actual cash or in-kind remedy requires its own cost
coverage, collection or delivery date and responsible entity.

Does the example estimate the probability of a fleet defect?

No. The defect share, outage, degradation and recovery fractions are author-specified
deterministic conditions. The scenarios show their consequences without probability weights.
Expected loss or a probability-adjusted valuation would require additional evidence and a
justified structure for dependent outcomes.

Can full recovery of the covered claim restore the cheaper offer's value?

In the stated case, full collection of the assumed covered module claim still leaves a shortfall
against the reference. The algebraic recovery fraction required for parity exceeds one. Price,
coverage of additional costs or another model input would need to change. This is a conditional
calculation, with no interpretation of an actual manufacturer's liability.

What should an acquirer request before relying on a module warranty?

Request the exact instrument and amendments, installed product and batch records, remaining
term, claim history, required transfer consents, notice requirements and evidence of the obligated
entity's capacity. Reconcile remaining restoration costs and any transferred claim receivable to
the purchase-price and liquidity accounts. Specialist advisers should assess the actual contractual
and legal position.
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