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The water industry's reliability problem is not a technology problem. It

is a procurement philosophy problem — and it is largely self-inflicted.

SECTION 01

The Orthodoxy

In the global water industry, a quiet assumption governs most procurement decisions: that
infrastructure components are interchangeable. That two vessels meeting the same nominal
specification are, for practical purposes, the same product. That the only rational variable is price.

This assumption is not malicious. It is the natural result of a procurement system designed for
speed and cost accountability, applied to components that look identical, fit identically, and — for
the first two or three years of service — often behave identically.

The problem is what happens after year three.

The commodity assumption is not wrong at Day 1. It is
catastrophically wrong in Year 4.



Fiberglass-reinforced plastic pressure vessels are the structural backbone of every reverse
osmosis system. They contain the membranes under sustained cyclic pressure, often running
continuously for decades. What differentiates a vessel that lasts thirty years from one that fails
within five is not visible on an inspection sheet, not captured in a nominal pressure rating, and not
reflected in the purchase price.

The difference is in resin saturation levels. Fiber alignment and winding precision. Curing accuracy.
Port reinforcement geometry. These are manufacturing variables that determine structural fatigue
behavior under cyclic loading — and they are systematically underweighted by a procurement
model that optimizes for unit cost.

SECTION 02

The Evidence

The engineering case against commodity procurement is not theoretical. It is documented in field
inspections, fatigue test data, and lifecycle cost analyses accumulated across multiple regions and
operating environments.

Material science

Resin saturation below the 30% threshold creates microscopic voids in the fiber matrix. Under
cyclic pressure, these voids propagate. Delamination begins at stress concentration points —
particularly around side ports, where geometry creates the highest localized stress. The failure is
not sudden; it is cumulative and invisible until it becomes structural.

Accelerated aging tests using the Arrhenius protocol, combined with finite-element fatigue
simulations, are used to establish the service life of integrity-grade vessels. Price-optimized
vessels of equivalent nominal specification are reported to degrade far earlier, consistent with field
reports of failure between years three and five of service. Cycle counts for either grade are not
published here, because no duty spectrum is available against which they could be compared.



Service life

VALIDATED PERFORMANCE PARAMETERS

Assessed service life 30-33 years
Manufacturer aging study, adopted by the ISO 14040/14044 assessment

Theoretical ceiling, Arrhenius model with FEA 33.5 yr (B & D) - 30.6 yr (I)

Modeled projection, not an observed service life

Residual fiber strength at scrap point >57%
57.2% B series, 63.3% | series

Burst pressure margin, when new 6.2x

B series; 6x for D and I. Declines to 2.5x at the scrap threshold

Field failure studies from MENA and Asia-Pacific installations document a consistent pattern in
price-optimized vessels: circumferential cracking at side ports, resin-starved zones, whitening of
the laminate surface, delamination at shell ends, and, in some cases, immediate leakage at
commissioning. These are not manufacturing outliers — they are the predictable consequence of
systematic quality compression.

Lifecycle economics

The financial case is, if anything, starker than the engineering case. A lifecycle cost analysis
applying ISO 15686-5 methodology to a ten-year horizon produces the following comparison:



TEN-YEAR LIFECYCLE COST COMPARISON =*

INTEGRITY-GRADE PRICE-OPTIMIZED
Purchase $1,000 $700
Failure events None 3 (yrs 3, 6, 9)
NPV @ 8% $1,671 $26,520

FIGURE 1

The cost per failure event — $13,000 — is derived from four components: vessel
replacement, emergency labor and logistics, collateral damage to adjacent
membranes, and production downtime. The vendor's warranty covers the vessel. The

operator carries the remaining liability. Derivation in Vol. O2 <https/impactfiltration.com/insights/hid

den-economics-of-reliability/>.

TIER 3 - MODELED FROM TIER 3 COST INPUTS - ISO 15686-5 METHOD

* Cost basis and vintage. Unit prices are illustrative values expressing the ratio between
grades, not quoted market prices. The $13,000 failure cost derives from operator data dated
2015-2022 and is not inflation-adjusted; the 2009 reference supplies a ratio rather than a
price, and a ratio does not inflate. Indexing with CPI-U from the start of that window gives a
factor of 1.42 (about $18,500 in 2026 dollars) and from its midpoint 1.34 (about $17,400). The
lower figure is retained deliberately, so the conclusions hold at the floor. Full derivation in

Vol. O2 «https://impactfiltration.com/insights/hidden-economics-of-reliability/>.

The procurement saving of $300 per unit becomes a 15.9x cost penalty over the asset horizon.
The lowest bidder wins the contract. The most reliable partner keeps the plant running.

SECTION O3

The Argument

The central argument of this paper is not that low-cost vessels are bad products. It is that they are
incorrectly classified products.

A commodity is an interchangeable unit where performance is uniform across suppliers. By that
definition, FRP pressure vessels are not commodities. The performance differential between the
best and worst products in the category — under real operating conditions, over real time horizons
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— is not marginal. It is an order of magnitude.

When a product exhibits that level of performance differentiation, procuring it as a commodity is
not a cost optimization. It is a risk transfer — from the procurement budget to the operations and
maintenance budget, from this year's contract to years three through ten, from the visible column
of the balance sheet to the hidden one.

Commodities are traded. Assets are financed.

The procurement logic shifts entirely when a component is evaluated as a capital asset rather than
as consumable inventory. Investors, financiers, and insurers evaluating infrastructure assets on a
20- to 30-year concession horizon are already beginning to make this distinction.

FIDIC contract guidelines and World Bank procurement frameworks increasingly require lifecycle
cost analysis submissions for high-value infrastructure components. Major EPC contractors
evaluate membrane housing vendors based on verified fatigue data and cost-of-failure metrics —
not the lowest day-one bid. The industry is slowly catching up to the economics.

The implication for plant owners, operators, and utilities is direct: the specification decision made
at procurement is a financial exposure decision that will play out across the full operating horizon
of the asset. It deserves to be evaluated accordingly.

Reliability is not a premium. It is the baseline.

There is a persistent framing in infrastructure procurement that positions high-quality
components as a premium option — something extra, for clients who can afford it. This framing has
the causality backward.

A vessel engineered to a 30-year service life is not a premium product relative to a vessel that will
fail at year four. It is the product that meets the specifications both vessels claim to meet. The
price-optimized vessel is not the baseline — it is a discount applied to a hidden liability.

Engineering integrity — the discipline of designing, validating, and delivering systems that perform
predictably over their intended service life — is not a feature to be priced in. It is the minimum
standard that the word "infrastructure” implies.



SECTION 04

The Proof of Concept

Abstract arguments about reliability are common in the water industry. What distinguishes
engineering integrity as a measurable proposition is the existence of validated, independent
evidence.

Validation methodology

Service life projections in this paper are derived from the Arrhenius accelerated aging protocol — a
standardized method for projecting long-term material behavior from short-term thermal stress
data — combined with finite-element fatigue analysis modeling cyclic pressure loading across the
full operating horizon.

This methodology is not proprietary. It is the same approach used by international standards
bodies. ASTM D2992 establishes the hydrostatic design basis for FRP pressure vessels through
exactly this type of cyclic fatigue regression. The results presented here are consistent with
published standards and independently validated field performance data.

Field performance

Tier-1RO installations across MENA, Asia-Pacific, and Latin America provide a documented record
of long-term performance under real operating conditions, verifiable against project
documentation rather than asserted.

It stands in direct contrast to the field failure patterns documented in the same regions from
price-optimized components: early-onset delamination, port cracking, and replacement cycles
that compress the claimed ten-year service life to three to five years — and, in the worst-
documented cases, to one or two.

SECTION 05

The Broader Case: Sustainability

The argument for engineering integrity extends beyond economics. It is also an environmental
argument — and one that the water sector has not yet fully reckoned with.

Each FRP pressure vessel that reaches a 30-year service life rather than a ten-year replacement
cycle eliminates:



AVOIDED IMPACT PER VESSEL

Resin and fiber material ~200 kg

Avoided manufacture and disposal

Embodied carbon prevented 1-2 tCO:ze

Per vessel over the service horizon

Circularity improvement ~66%

Reduction in replacement frequency

At the plant scale, the compounding effect is significant. A facility operating 2,500 vessels over a
30-year horizon, compared with a ten-year horizon, avoids approximately 500 tonnes of
composite waste and between 2,500 and 5,000 metric tons of CO,e — achieved not through
energy innovation or materials substitution, but through the straightforward act of engineering
components to last. The quantification method is set out in Vol. O4 <nttps:/impactfiltration.com/insights/quanti

fying-avoided-impact/>.

Longevity is the most underutilized sustainability lever available to water infrastructure operators.
It requires no new technology, no additional energy input, and no infrastructure investment. It
requires only a change in procurement philosophy.

This argument maps directly onto the ESG reporting frameworks that infrastructure investors and
operators are increasingly obligated to address. Extended service life reduces Scope 3 emissions,
improves circularity metrics, and lowers embodied water in the asset base — all without requiring
new capital programs.

SECTION 06

A Call to the Industry

The water sector faces an infrastructure reliability problem that is largely self-inflicted. Not through
negligence or incompetence, but through a procurement philosophy that misclassifies the
components it buys and misprices the risk it accepts.

Reversing this requires action at multiple levels of the industry.
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FOR ENGINEERS AND TECHNICAL SPECIFIERS

The specification is the most powerful tool available. Incorporating verified requirements —
cyclic fatigue validation against a stated duty spectrum, Arrhenius service life documentation,
conservative safety margins — into RFP language transforms the procurement process from a
price competition into a performance competition. One that the market's best products are
equipped to win, and its worst are not.

FOR EPCS AND PROJECT MANAGERS

Lifecycle cost analysis should be a standard deliverable in bid evaluation, not an afterthought.
A 30-year concession agreement evaluated purely on day-one component cost is a financial
model with a significant missing variable. The tools exist to quantify that variable. Using them is
not additional complexity — it is basic risk management.

FOR PLANT OWNERS AND OPERATORS

The O&M budget is where the consequences of procurement decisions accumulate. An
operator inheriting a plant equipped with price-optimized vessels is inheriting a maintenance
liability that will compound for years. Documenting that liability, and feeding it back into future
procurement specifications, is both financially prudent and operationally necessary.

FOR INVESTORS AND FINANCIERS

Infrastructure assets are valued on long-term cash flow predictability. Unquantified
component failure risk is an undisclosed liability that affects plant valuation, insurance terms,
and refinancing conditions. Due diligence on infrastructure assets should include component-
level reliability documentation, not just plant-level performance metrics.

When reliability becomes the norm rather than the exception, the industry itself rises. The
standard is not set by the best product available. It is set by the worst product the market will
accept.

Reliability is not a cost.

It is a multiplier of value.



Standards referenced
ASME BPVC Section X - ASTM D2992 - ISO 15686-5 - ISO 55000 - ISO
14067 - ecoinvent v3

All data and claims in this paper are derived from validated engineering standards,
independently published field studies, and publicly available lifecycle cost analysis
methodologies. Full citations are available in the Technical Appendix <https//impactfiltration.com/insight

s/technical-appendix/>.
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