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A B O U T  T H I S  D O C U M E N T

This white paper is AquaFlow Technologies’ definitive reference on Measurement & Verification (M&V) as applied to commercial

water conservation projects. It is written for chief financial officers, professional engineers, property managers, facility directors,

utility managers, attorneys, auditors, and commercial building owners — any party who must decide whether a claimed water

saving is real, and who needs that determination to survive professional scrutiny.

The document explains what M&V is, why it exists, why utility bills alone routinely mislead, how the International Performance

Measurement and Verification Protocol (IPMVP) governs savings determination worldwide, and precisely how AquaFlow applies

these methods in every reconciliation it issues. It establishes the analytical standard to which every AquaFlow M&V

Reconciliation Report can be traced.

Nothing in this document asks the reader to take performance on faith. Every method described here is published, auditable,

and repeatable by any qualified third party using the same data.

D O C U M E N T  C O N T R O L

Title
The Standard of Proof: Measurement & Verification in Commercial Water
Conservation
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I M P O R TA N T  N OT I C E S

Verified results presented in Sections 14 and 15 are taken from AquaFlow M&V Reconciliation Reports issued to customers.

Customer names, addresses, account numbers, and other identifying details have been redacted or generalized to protect

confidentiality; all performance figures, day counts, and financial calculations are reproduced as issued. Savings achieved at any

individual property depend on fixture profile, system pressure, operating patterns, and utility rate structure; results presented

here are not a guarantee of results at any other property. This document describes measurement methodology; it is not an offer,

warranty, or contract term unless expressly incorporated into a written agreement. IPMVP® is a registered mark of the Efficiency

Valuation Organization (EVO). AquaFlow’s methodology is aligned to IPMVP; references to IPMVP do not imply endorsement by

EVO.
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When a building owner invests in water conservation equipment, one question matters more than any other:
did it work? Measurement & Verification (M&V) is the engineering discipline that answers that question with

evidence instead of assertion. This white paper explains how M&V works, why it became the worldwide
standard for proving utility savings, and how AquaFlow Technologies applies it — rigorously, transparently, and

on every installation.

What Measurement & Verification Is

M&V is the process of using measured data to determine the savings created by an efficiency project. Savings cannot be

measured directly — no meter records the water a building did not use. Savings are therefore determined by comparison:
analysts establish a baseline of consumption before the project, measure actual consumption after the project, adjust both to a

common set of operating conditions, and report the difference. The international rulebook for doing this credibly is the

International Performance Measurement and Verification Protocol (IPMVP), maintained by the Efficiency Valuation
Organization (EVO) and applied in energy, water, and infrastructure programs worldwide.[1][2]

Why Organizations Use It

M&V exists because the alternative — reading two utility bills and eyeballing the difference — fails routinely. Utility bills

confound consumption with rate increases, tier structures, sewer and stormwater charges, fixed fees, seasonal demand,
occupancy shifts, and billing-period length. A bill can rise while consumption falls, and fall while consumption rises; Section 8

demonstrates both with arithmetic. The institutions that finance efficiency — the U.S. federal government through its Energy

Savings Performance Contract program,[4][10] utility conservation programs,[6] and the ESCO industry whose project economics

are documented by Lawrence Berkeley National Laboratory[9] — long ago concluded that performance claims must be verified
against measured consumption under a published protocol, or they are not bankable. Section 3 tells that story in full.

Why AquaFlow Provides It

AquaFlow manufactures and installs precision valve technology that reduces measured water consumption in commercial

buildings. AquaFlow could simply point at the customer’s next bill. It deliberately does not. Every AquaFlow installation is

followed by a formal M&V Reconciliation Report built on read-date-aligned meter data: a full pre-installation baseline (twelve
months where available), exclusion of the installation cycle, a minimum of three clean post-installation billing cycles, day

normalization, operational normalization where activity data exists — occupied rooms, cars washed, laundry turns, meals

served, beverages produced, units of production — and financial calculations confined to variable consumption charges. The
result is a savings determination that a professional engineer, an auditor, a utility consultant, or opposing counsel can re-derive

line by line from the same data — Section 17 provides the checklists for each of those readers.

S E C T I O N  0 1

Executive Summary
What Measurement & Verification is, why the world’s largest institutions require it, and the standard
AquaFlow holds itself to on every installation.
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9% – 47%
R E C O R D E D  R E D U C T I O N
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≈20%
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1.9–9.6 mo
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S E C T I O N  1 4

>90%
C U S T O M E R S  R E C O V E R I N G

I N V E S T M E N T  W I T H I N  Y E A R
O N E

Sources: issued AquaFlow M&V Reconciliation Reports (anonymized in Section 14, shown in Section 15) and AquaFlow portfolio records.[11] Individual results vary
by site conditions, operating patterns, fixture profile, water pressure, utility rate structure, and baseline efficiency.

Why It Benefits the Customer

M&V protects the customer first. A verified baseline protects the owner from paying for savings that seasonality or vacancy
would have produced anyway. Day normalization protects the owner from billing periods of unequal length. The installation-

cycle exclusion prevents a contaminated month from flattering — or punishing — the result. The separation of rates from

consumption means an owner whose utility raised prices mid-project can still see precisely what the equipment did. And
because over 90% of AquaFlow customers recover their investment within the first year, the most common function of an

AquaFlow M&V report in practice is not dispute resolution — it is giving the CFO a defensible number to put in front of the

board.

T H E  C O R E  Q U E S T I O N  M & V  A N S W E R S

“What would this property have consumed without the equipment, versus what it actually consumed with it?” Every

method in this document — baselines, normalization, exclusions, dual-method analysis — exists to answer that single
counterfactual question with engineering rigor, and to convert the answer into gallons, dollars, payback, ROI, IRR, and

NPV that withstand third-party review.

How This Document Is Organized

Sections 2–3 establish where M&V came from and why the world’s financial institutions made it mandatory. Sections 4–7 define
the discipline and the IPMVP framework that governs it. Sections 8–9 address the central confusion in water economics — the

difference between what a utility charges and what a building consumes. Sections 10–13 document AquaFlow’s reconciliation

process, from claim to proof, including the two rules that most often surprise new customers: the excluded installation month
and the three-clean-month requirement. Sections 14–15 present anonymized verified results and pages from the reports

themselves. Sections 16–18 address defensibility and independent review. Sections 19–20 answer objections and more than

fifty common questions. Section 21 concludes; a glossary and a full reference apparatus follow.
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M&V was not invented by marketers. It was forced into existence by money — specifically, by the need to
finance large-scale efficiency retrofits whose returns existed only if someone could prove them.

Origins: The Energy Crises and the Birth of Performance Contracting

The oil shocks of 1973 and 1979 transformed energy efficiency from an afterthought into a board-level concern across North

America and Europe. A new business model emerged in the 1980s: the energy service company (ESCO), which would engineer,
install, and often finance efficiency retrofits, and be paid out of the savings the retrofit produced.[9] This model — Energy

Performance Contracting (EPC) — had one structural weakness: the payment stream depended on a quantity nobody could
read off a meter. Savings are the absence of consumption. If the ESCO and the building owner could not agree on how to

compute that absence, the contract was unenforceable and the financing was unbankable.

Early performance contracts handled this ad hoc — each contract defined its own savings arithmetic, and disputes were

common. Lenders, in particular, demanded a referee: a published, neutral methodology that defined baselines, adjustments,
and measurement boundaries before the first invoice was ever argued over.

Standardization: From NEMVP to IPMVP

In the mid-1990s — following the Energy Policy Act of 1992, which expanded federal performance contracting[10] — the U.S.

Department of Energy convened utilities, ESCOs, financiers, and engineers to write that referee’s rulebook. The result, published
in 1996, was the North American Energy Measurement and Verification Protocol (NEMVP).[3] Participation immediately

expanded beyond North America, and in 1997 the document was reissued with a broader mandate and a new name: the
International Performance Measurement and Verification Protocol (IPMVP) — Concepts and Options for Determining Energy

and Water Savings.[1][2] Water was in the title from the beginning: the same counterfactual logic that proves a kilowatt-hour was
avoided proves a gallon was avoided.

Stewardship of the protocol was formalized in 2001 with the incorporation of IPMVP Inc., a 501(c)(3) non-profit, renamed the

Efficiency Valuation Organization (EVO) in 2004.[2] EVO has maintained the IPMVP through successive editions (2002, 2007,

2012, 2016, and the Core Concepts editions, most recently 2022)[1] and administers the Certified Measurement & Verification

Professional (CMVP) credential in partnership with the Association of Energy Engineers (AEE).[8]

Institutionalization: Government, Utilities, and Water

Once a common protocol existed, the institutions that move the most money adopted it. The U.S. Federal Energy Management
Program (FEMP) built its M&V Guidelines for federal Energy Savings Performance Contracts directly on the IPMVP framework
(Version 4.0, 2015; Version 5.0, 2024).[4] ASHRAE Guideline 14 supplied the statistical machinery — uncertainty thresholds,

regression standards — that gives M&V its quantitative teeth.[5] State utility commissions embedded IPMVP-consistent
evaluation into ratepayer-funded conservation programs, and the U.S. DOE’s Uniform Methods Project standardized savings

S E C T I O N  0 2

The History of Measurement & Verification
From the 1970s energy crises to a global verification discipline — how five decades of disputes wrote today’s
rulebook.
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protocols for dozens of measure types.[6] Internationally, the protocol spread through performance-contracting markets in

Europe, Asia, and Latin America, and its principles were echoed in the ISO 50001/50015 management-system standards.[7]

Water conservation followed the same arc, compressed. Drought-driven conservation programs in the American West and

Southeast, municipal sewer-capacity economics, and the rise of ESG water-stewardship reporting — with sustainability
disclosures increasingly subject to formal assurance under standards such as ISAE 3000[12] — all created the same demand that

energy finance created in the 1980s: prove the saving. Because the IPMVP was written for energy and water from 1997 onward,
water programs did not need a new protocol — they needed practitioners willing to apply the existing one with full rigor. That is

the lineage AquaFlow’s reconciliation practice belongs to.

W H Y  T H E  H I S T O R Y  M AT T E R S

Every rule AquaFlow applies in Section 11 — read-date alignment, baseline length, transition-cycle exclusion,
normalization — was paid for by a dispute somewhere in this history. M&V is not paperwork; it is fifty years of

accumulated answers to the question “how could this number be wrong?”
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F I V E  D E C A D E S  O F  M & V  —  M I L E S TO N E S

Figure 2.1 — Development of Measurement & Verification from the energy crises to modern water-conservation practice. Numbered citations refer to
Appendix B.

1973–79 Oil crises reprice energy

Efficiency becomes a financial asset class in waiting; building owners begin retrofitting at scale.

1980s ESCOs and performance contracting emerge

Pay-from-savings contracts expose the core problem: savings must be computed, not read off a meter.[9]

1992–95 U.S. DOE convenes industry

EPACT 1992 expands federal performance contracting;[10] DOE assembles utilities, ESCOs, financiers, and
engineers to standardize savings measurement.

1996 NEMVP published

First common North American measurement and verification protocol.[3]

1997 IPMVP — energy and water

Renamed and internationalized: “Concepts and Options for Determining Energy and Water Savings.”[1]

2001–04 EVO formed

IPMVP Inc. incorporated as a non-profit steward (2001); renamed Efficiency Valuation Organization (2004);

CMVP credential administered with AEE.[2][8]

2002–16 Successive editions; institutional adoption

FEMP M&V Guidelines, ASHRAE Guideline 14, utility evaluation frameworks, and international programs

build on IPMVP.[4][5][6]

2016–22 IPMVP Core Concepts

Protocol restructured around Core Concepts (2016; updated 2022) with application guides; international

adoption deepens.[1]

2015–26 Water stewardship era

Drought policy, sewer-capacity economics, and ESG assurance bring full IPMVP rigor to commercial water

conservation — the practice documented in this paper.[7][12]
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Measurement & Verification underpins billions of dollars of energy, water, infrastructure, and performance-
contracting projects worldwide.[4][9][10] That sentence is the destination of this section. The journey explains why

no serious institution finances efficiency without it.

The Problem: Savings Are Not Directly Metered

A lender financing a chiller plant can inspect the chiller. A lender financing savings is financing something that does not
physically exist: the gap between what a building consumed and what it would have consumed. No instrument measures that

gap. Every meter on earth records what happened; the value of an efficiency project lives entirely in what didn’t.

The Insight: Savings Are Counterfactual — and Counterfactuals Can Be Disciplined

The breakthrough of the 1990s protocol movement was recognizing that although savings cannot be metered, they can be

determined — honestly and repeatably — by comparing measured actual performance against an adjusted baseline: a model of
normal facility behavior, built from the facility’s own measured history and restated to the reporting period’s conditions.[1] The

integrity of the result then depends on rules: how the baseline is built, what gets excluded, how periods are normalized, and
what must be disclosed. Write the rules down, publish them, and require both sides to commit to them in advance — and the

counterfactual stops being an argument and becomes a calculation.

S E C T I O N  0 3

Why M&V Became Financeable
Savings are invisible to every meter ever built. Here is how banks, governments, and auditors learned to trust
them anyway — and why that trust runs through a published protocol, not a vendor’s word.
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Who Needed It, and What Each Party Was Protecting

INSTITUTION WHAT IT RISKS WITHOUT M&V WHAT PROTOCOL-BASED M&V GIVES IT

Banks & project financiers Lending against cash flows that may be rate effects,

weather, or wishful arithmetic

A savings determination computed under

published rules, reproducible at underwriting

and at audit[9]

Government agencies Multi-decade ESPC payments with public money on
unverified vendor claims

Statutory M&V requirements implemented

through FEMP guidelines built on IPMVP[4][10]

ESCOs Savings guarantees they cannot defend when bills

move for non-project reasons

A neutral referee that separates project

performance from rate and weather noise[9]

Auditors & assurance

providers

Certifying resource claims with no recomputation

path

Source-documented, formula-explicit reports

that can be re-derived independently[12]

Building owners Paying for savings that occupancy, season, or rates
would have produced anyway

A baseline that protects them as much as it
protects the vendor

Utility programs Ratepayer-funded incentives for phantom savings Evaluation frameworks referencing IPMVP-

consistent methods[6]

Why Performance Contracts Require M&V by Construction

In a performance contract, the savings are the payment stream. U.S. federal ESPCs — authorized in statute and administered

through DOE’s FEMP — make measurement and verification of savings a required element of the contract itself, with methods
drawn from the IPMVP options described in Section 7.[4][10] The logic generalizes: any transaction in which money changes

hands based on avoided consumption — a federal retrofit, a utility rebate, an efficiency-as-a-service subscription, or an
AquaFlow free trial — needs the same referee, for the same reason. Where the dollars follow the savings, the savings must be

determined by a method both sides accepted before the dollars moved.

Why Institutions Rely on Published Protocols Instead of Vendor Claims

Published rules cannot be bent after the fact. The IPMVP requires the method — option, boundary, baseline, adjustments

— to be declared in advance, eliminating the choose-the-best-math-later problem.[1]

Neutral stewardship removes the conflict of interest. EVO is an independent non-profit; ASHRAE and ISO are consensus
standards bodies. None of them profits when a project’s reported savings go up.[2][5][7]

Credentialed practitioners create professional accountability. The CMVP program gives the discipline a certified workforce

whose professional standing depends on applying the protocol correctly.[8]

Common language makes results portable. A protocol-based report is legible to a lender in New York, an auditor in London,
and a facilities engineer in Phoenix without translation.

The Only Two Ways to State a Savings Number

Strip away the brochures and the dashboards, and every savings claim in this industry resolves to one of two methods. There is

no third.
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M E A S U R E D  —  M & V

Full baseline from the customer’s own meter, used as found

Contaminated installation cycle excluded, in the open

Normalized for days, season, and operations

Rates separated from consumption

Computed by printed formula under a published protocol

Reproducible by any qualified third party

E V E R Y T H I N G  E L S E  —  G U E S S I N G

Two bills compared by eye

The flattering month, chosen after the fact

Rate increases credited to (or blamed on) equipment

Seasonality read as performance

A vendor’s spreadsheet nobody else can recompute

A number that changes depending on who is asking

The institutions in the table above did not adopt M&V because it was fashionable. They adopted it because they had tried
everything in the right-hand column first, at scale, with real money — and it failed. Anybody not using M&V is not using a
cheaper method. They are using the failed one.

U.S. DOE
NEMVP ·  ESPC

PROGRAM

EVO
IPMVP

STEWARD

IPMVP
CORE

CONCEPTS
2022

ASHRAE
GUIDELINE 14

FEMP
M&V

GUIDELINES
5.0

ISO
50015 / 50001

CMVP
EVO & AEE

AEE
ENERGY

ENGINEERS

The institutional framework behind the methodology in this paper (Appendix B). References do not imply endorsement by any standards body.

T H E  P O I N T  O F  T H I S  S E C T I O N

M&V is not an AquaFlow invention. It is a professional discipline created by the U.S. Department of Energy, refined by
an independent international standards body, embedded in federal statute and utility regulation, taught and

credentialed across the industry — and AquaFlow’s contribution is simply to apply that existing discipline, at full

strength, to commercial water conservation. When AquaFlow asks a customer to trust an M&V reconciliation, it is
asking them to trust the same framework their government, their bank, and their auditor already rely on.[1][4][9][10]
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T H E  B I L L I O N - D O L L A R  Q U E S T I O N

How do you measure water
that was never used?
No meter on earth records absence. Every dollar ever paid out on a performance contract has
depended on answering this question honestly. Here is the entire answer, in six steps.

1 Meter Reading
What the utility’s revenue meter recorded — read-to-read,
every cycle, before and after installation. The only evidence
source.

2 Baseline Twelve months of the building’s normal — used as found, no
month skipped, no month chosen.

3 Expected Use
The baseline restated to today’s conditions: same days, same
season, same operating activity. What the building would have
consumed.

4 Actual Use What the meter recorded with the equipment operating. Not
an opinion — a read.

5 The Difference Expected minus actual: the gallons that were never drawn. This
is the saving — in physical units no rate change can touch.

6 Verified Savings
The difference priced at your own invoice-derived tariff,
certified, disclosed, and handed to your engineer, your auditor,
your CFO.

Savings cannot be metered. They can be proven.
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Who Trusts M&V?

The discipline described in this paper is not a niche practice. It is the operating standard of the institutions below — each of

which either wrote part of the framework, enforces it, credentials its practitioners, or moves money on its results. The reader

evaluating an AquaFlow reconciliation is standing in very crowded company.[1]–[12]

MEASUREMENT & VERIFICATION · IPMVP
O N E  F R A M E W O R K  —  W R I T T E N ,  E N F O R C E D ,  C R E D E N T I A L E D ,  A N D  F I N A N C E D  B Y  A L L  O F  T H E  F O L L O W I N G

U.S. Dept. of Energy

Convened the first common protocol
(NEMVP, 1996); runs federal

performance contracting.[3][10]

FEMP

Federal M&V Guidelines 4.0 / 5.0
implementing IPMVP for government

ESPCs.[4]

Federal Performance Contracts

ESPCs under 42 U.S.C. § 8287 —
savings verification required by

statute.[10]

Infrastructure Programs

Public retrofit and conservation
programs verified under protocol-

based evaluation.[6]

EVO

Independent non-profit steward of the
IPMVP since 2001; programs in 40+

countries.[1][2]

IPMVP

The global framework for determining
energy and water savings, since 1997.
[1]

ASHRAE

Guideline 14 — the statistical standard

for measured savings.[5]

ISO

ISO 50015 / 50001 — international
M&V and energy-management

standards.[7]

CMVP

The certified practitioner credential,

administered by EVO with AEE.[8]

AEE

Association of Energy Engineers —

credentialing the M&V workforce.[8]

ESCO Industry

Pay-from-savings contracting
documented in LBNL market studies —

billions in verified projects.[9]

Utility Programs

Ratepayer-funded conservation
incentives evaluated under IPMVP-

consistent methods.[6]

Figure 3.1 — The authority map. Color coding: government and statute (navy), standards bodies (teal), professional credentials (mint), markets and programs
(amber). References in Appendix B; no endorsement implied.
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Measurement & Verification is the planned process of using measurement to reliably determine the savings

created within a facility by an efficiency project. This section defines, with precision, every concept the rest of

this document depends on.

The Counterfactual Problem

Savings are unique among engineering quantities: they describe something that did not happen. A flow meter can record
gallons consumed; nothing can record gallons avoided. M&V resolves this by constructing a defensible estimate of what

consumption would have been absent the project — the adjusted baseline — and subtracting what consumption actually was:

Savings  =  (Baseline consumption, adjusted to reporting-period conditions)  −  (Actual

reporting-period consumption)

Every legitimate M&V methodology in the world — IPMVP, ASHRAE Guideline 14, FEMP — is an elaboration of this single

equation.[1][4][5] The craft lies in the adjustment: making the two periods comparable so the subtraction isolates the project’s
effect and nothing else.

Baselines

The baseline period is the span of time before installation whose measured consumption defines normal facility behavior. Three
properties make a baseline trustworthy:

Length. A full annual cycle — nominally twelve months — captures seasonality: irrigation summers, low-occupancy winters,

semester rhythms, tourism peaks. Short baselines embed whichever season they happened to sample. AquaFlow targets

twelve or more billing cycles and discloses explicitly whenever fewer are available.

Integrity. Baselines must use actual meter reads over exact service dates — never estimated reads, never invoice issue dates,

never partial cycles. The complete baseline must be used as found; selecting flattering months (“cherry-picking”) is the

cardinal sin of savings analysis, and the IPMVP’s documentation requirements exist largely to make it detectable.

Representativeness. The baseline must reflect operating conditions that have a defined relationship to the reporting period.

Where conditions changed permanently (a wing closed, a tenant added), the protocol requires a non-routine adjustment,
computed openly and documented.

Reporting Periods

The reporting period (or post-installation period) is the span after the project is operating in which savings are determined. It

must contain only clean, complete billing cycles: no overlap with installation, no estimated reads, no partial periods. AquaFlow’s

minimum is three clean post-install cycles — Section 13 explains why fewer cycles produce statistically fragile conclusions — and
any report issued on fewer is labeled preliminary on its face.

S E C T I O N  0 4

What Is M&V? Core Concepts and Definitions 04
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T H E  M & V  T I M E L I N E  —  B A S E L I N E ,  T R A N S I T I O N ,  R E P O R T I N G
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BA S E L I N E  P E R I O D  ( 1 2  C YC L ES ) E XC LU D E D R E P O RT I N G

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 Install P1 P2 P3

Measured baseline Transition (excluded) Measured post-install Adjusted baseline (expected)

Figure 4.1 — Illustrative consumption (thousand gallons per cycle). Savings are the vertical gap between the adjusted baseline (what the facility was
expected to use) and measured post-install consumption. The installation cycle belongs to neither period and is excluded.

Utility Consumption, Demand, and Metering

Consumption is volume used over a period — for water, gallons or cubic meters (one CCF, a common U.S. billing unit, equals 748

gallons; one cubic meter equals 264.172 gallons). Demand is the instantaneous or short-interval rate of use; it dominates
electricity tariffs and appears in water systems as peak-flow and meter-capacity charges. Metering is the measurement

infrastructure: the utility’s revenue meter at the service entrance, plus any submeters or data loggers inside the facility. M&V

can be built on utility revenue meters (whole-facility analysis), on dedicated measurement at the affected system (retrofit
isolation), or on calibrated simulation where measurement is impossible — these choices are exactly the IPMVP options

described in Section 7.

Billing Analysis and Read-Date Discipline

Most commercial water M&V is built from utility billing records, which makes billing analysis a core skill. The single most

important rule is read-date discipline: every quantity must be attributed to the meter-read window (service start date to service
end date), never to the invoice date. An invoice dated November 4 may cover September 28 through October 27; treating it as

“November consumption” shifts every comparison by a month and can manufacture or destroy double-digit “savings.” Related

disciplines: verify cycle day counts (a 35-day cycle is not comparable to a 28-day cycle without normalization), detect estimated
reads (utilities flag them, and they true-up later), and confirm meter changes or re-sizings that reset the data series.

Data Normalization

Normalization converts raw totals into rates that can be compared across periods of different length and activity. Two

normalizations matter in commercial water M&V:

Day Normalization

Gallons per day (GPD)  =  period gallons  ÷  period days
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Billing cycles vary from 28 to 35 days; comparing raw cycle totals confuses calendar arithmetic with performance. GPD removes

cycle-length bias and is the primary axis of every AquaFlow analysis.

Operational Normalization

Gallons per unit  =  period gallons  ÷  operational units in the same read-date window

Facilities do not run at constant activity. The correct driver depends on the property: car washes — cars washed; laundries —

turns or loads; hotels — occupied room-nights; multifamily — occupied units; restaurants and food service — meals or
transactions served; beverage and food production — units or cases produced; industrial — production throughput;

commercial offices — an occupancy proxy where available. Operational data is only usable when it covers exactly the same

read-date window as the water data; misaligned activity data is excluded or disclosed, never silently stretched to fit.

Statistical Validation

A savings estimate is a statistical statement, and M&V borrows standard tools to qualify it: coefficient of variation of the
baseline (how noisy is normal?), regression of consumption against drivers such as weather (temperature, evapotranspiration)

or occupancy (with R² and CV(RMSE) quality thresholds per ASHRAE Guideline 14), year-over-year seasonal comparison (does

October-after beat October-before?), and trend persistence across consecutive cycles. The practical consequence is the rule
covered in Section 13: one good month proves little; three consecutive clean cycles moving together prove a great deal.

M & V  L O G I C  —  F R O M  R AW  B I L L S  TO  V E R I F I E D  S AV I N G S

STAGE INPUT DISCIPLINE APPLIED

1. Assemble 12+ months of bills, meter reads, install records Read-date alignment; day counts verified; estimated

reads flagged

2. Segment Full data series Baseline / transition (excluded) / reporting periods
defined

3. Normalize Period totals GPD for all periods; gallons-per-unit where driver
data aligns

4. Adjust Baseline rates Routine adjustments (days, season, activity); non-
routine adjustments disclosed

5. Compute Expected vs. actual Savings in gallons; dual-method cross-check;

variance explained

6. Value Gallons saved × effective variable rate Fixed fees excluded; rate changes isolated from
consumption

7. Certify Draft report Engineering review; data-integrity disclosures;
reproducibility check

Figure 4.2 — The seven-stage logic chain underlying every AquaFlow reconciliation (the operational workflow appears in Section 11).
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Half of understanding Measurement & Verification is knowing what does not qualify. Each item below circulates

in the marketplace dressed as proof. None of it is.

✗ M&V is not a sales estimate. A pre-installation projection — however carefully engineered — is a forecast. M&V begins only when

measured post-installation data exists. AquaFlow quotes expectations before install; it certifies results only after.

✗ M&V is not a projection. Annualization extrapolates a measured period forward using a printed formula, and multi-year projections are

labeled as projections with stated escalation assumptions. The verified figure is always the measured one.

✗ M&V is not a marketing claim. “Customers save up to 47%” is marketing. “This property reduced day-normalized consumption 15.35%

across 91 days against an 11-cycle baseline, computed under IPMVP Option C” is M&V. This document contains both kinds of

statements and labels which is which.

✗ M&V is not a utility-bill glance. Comparing this month’s bill to last year’s mixes rates, fees, seasonality, occupancy, and cycle length into

a single misleading number — Section 8 quantifies how badly.

✗ M&V is not cherry-picked math. Selecting flattering baseline months, skipping awkward cycles, or switching methods after seeing

results violates the protocol’s core requirements of completeness and consistency.[1] AquaFlow’s baselines are used as found, in full.

✗ M&V is not a promise that every site performs the same. Recorded AquaFlow results span 9% to 47% because buildings differ. A

vendor quoting one number to every prospect is not doing measurement.

W H AT  I T  I S

M&V is a structured process for determining what happened, using measured data, under rules published before the

measurement began — rules an independent reviewer can check. Everything else is advertising.

S E C T I O N  0 5

What M&V Is Not
A short section, because the boundaries of a discipline are part of its definition.

05
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The Cost of Not Using M&V

Skipping M&V does not save money; it relocates the cost into wrong decisions. Three scenarios — each one routine, each one

fatal to a project judged by the bill alone. The arithmetic behind each appears in Sections 8–9.

SCENARIO A — FALSE FAILURE

T H E  B I L L :

Up 12.5%

C U S TO M E R  C O N C LU D E S :

“Project failed”

M E A S U R E M E N T  S H O W S :

Consumption −12.5%

W H AT  A C T UA L LY  M O V E D :

Rates +28.6%

The project succeeded. Without M&V:
wrong conclusion — a performing asset is
removed, and the owner pays full freight
on the next rate increase with no valve
absorbing it.

SCENARIO B — FALSE SUCCESS

T H E  B I L L :

Down 6.9%

C U S TO M E R  C O N C LU D E S :

“Project succeeded”

M E A S U R E M E N T  S H O W S :

Consumption +8%

W H AT  A C T UA L LY  M O V E D :

Tariff restructuring; mild weather

The project delivered nothing. Without
M&V: wrong conclusion — a failed
measure is renewed, scaled across the
portfolio, and budgeted as savings that do
not exist.

SCENARIO C — CHERRY-PICKED

CLAIM

V E N D O R  C L A I M S :

“33% savings”

H O W :

Best post month vs. worst baseline
month

S E A S O N - M AT C H E D  M & V  S H O W S :

20% — real, but not 33%

T H E  G A P :

Seasonality, sold as performance

M&V proves otherwise. Without M&V: no
accountability — the inflated claim stands
until the first dispute, and then the entire
project, including its real 20%, loses
credibility.

T H E  C O N C L U S I O N  T H I S  PA G E  F O R C E S

In Scenario A the owner is wrong, in Scenario B the vendor is lucky, in Scenario C the vendor is lying — and on the bill

alone, all three look identical. Without M&V, everyone is guessing. The only party a guess reliably serves is whoever

the noise happens to favor that month.
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The International Performance Measurement and Verification Protocol is the world’s most widely adopted

framework for determining energy and water savings. Understanding what it is — and what it is not — is

essential to evaluating any savings claim, including AquaFlow’s.

What the IPMVP Is

The IPMVP is a framework document: it defines the concepts (baseline, reporting period, measurement boundary, adjustments,
interactive effects), the principles every M&V exercise must satisfy, and four named options (A, B, C, D) for where and how to

measure. It deliberately does not prescribe a single calculation for every situation; instead it requires that each project adopt an

M&V plan stating, before results are computed, which option applies, what the boundary is, what data will be used, and how
adjustments will be made. Transparency of method, declared in advance, is the protocol’s central mechanism of trust.

The Six Principles

PRINCIPLE MEANING IN PRACTICE

Accurate M&V should be as accurate as the budget allows; errors quantified or conservatively bounded.

Complete All effects of the project counted — including negative ones. No selective accounting.

Conservative Where judgment is required, understate savings rather than overstate them.

Consistent Same methods across periods and projects, so results are comparable.

Relevant Measure the quantities that matter to the decision; estimate the trivia.

Transparent Every assumption, exclusion, and adjustment disclosed and reproducible.

AquaFlow’s reconciliation rules in Section 11 map one-to-one onto these principles — e.g., the 70%-of-observed conservative case (Conservative), the mandatory

disclosure table (Transparent), and the dual-method analysis (Complete, Consistent).

History and Governance

As detailed in Section 2, the protocol began life in 1996 as the NEMVP under U.S. DOE sponsorship and became the IPMVP in

1997, expressly covering energy and water savings. Since 2001–04 it has been maintained by the Efficiency Valuation

Organization (EVO)[2], an independent non-profit governed by a board of directors and technical committees of volunteer
practitioners — engineers, evaluators, financiers — who revise the protocol through documented consensus. EVO publishes the
IPMVP Core Concepts (current generation, 2022) together with application guides, maintains the protocol in multiple languages,

and administers the Certified Measurement & Verification Professional (CMVP) credential with the Association of Energy

Engineers.[8] This governance structure matters: the rulebook AquaFlow follows is written by an independent body with no
stake in any vendor’s results.

S E C T I O N  0 6

The IPMVP: The Global Standard 06
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Why It Became the Industry Standard

It solved the financing problem. Performance contracts and efficiency loans need a referee both sides accept before money

moves. The IPMVP is that referee in U.S. federal ESPC projects and in performance-contracting markets worldwide.

It is method-honest. By forcing the M&V plan to be declared in advance, it prevents the most common abuse — choosing

the calculation after seeing which one looks best.

It scales. The four options span everything from a single valve to a campus, from stipulated parameters to calibrated

simulation, letting rigor be proportionate to value at risk.

It is ecumenical. ASHRAE Guideline 14 supplies compatible statistics; FEMP M&V Guidelines (v4.0, 2015; v5.0, 2024)

operationalize it for federal contracts; utility evaluation frameworks reference it; ISO 50015 echoes its principles. One

framework, many enforcement layers.

W H E R E  T H E  I P M V P  S I T S  I N  T H E  S TA N DA R D S  L A N D S C A P E

INSTRUMENT STEWARD ROLE RELATIVE TO IPMVP

IPMVP Core Concepts EVO The framework: definitions, principles, Options A–D,
adherence requirements

ASHRAE Guideline 14 ASHRAE Statistical engine: uncertainty thresholds, regression

quality criteria

FEMP M&V Guidelines 4.0/5.0 U.S. DOE Federal ESPC implementation of IPMVP options

Uniform Methods Project U.S. DOE / NREL Measure-specific savings protocols for utility programs

ISO 50015 / 50001 ISO Management-system M&V principles, IPMVP-compatible

CMVP credential EVO & AEE Practitioner certification in IPMVP application

Figure 6.1 — The IPMVP is the hub; statistical guidelines, federal rules, and certifications interlock with it rather than compete.

Global Adoption

EVO reports IPMVP use across more than forty countries. The protocol’s reach is visible in four channels: government
procurement (federal and state ESPC programs in North America; public-sector EPC frameworks in the EU, India, and
elsewhere), utility programs (ratepayer-funded rebate and conservation programs whose evaluations must trace to a

recognized protocol), private finance (efficiency-as-a-service, green bonds, and ESCO financings underwritten against IPMVP-

determined cash flows), and corporate reporting (ESG and sustainability assurance that requires measured, not estimated,

resource savings). For a building owner, the practical meaning is simple: an IPMVP-aligned water savings report speaks a
language that the owner’s lender, auditor, and regulator already accept.
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W H AT  “ I P M V P - A L I G N E D ”  M E A N S  AT  A Q U A F L O W

AquaFlow reconciliations adopt the IPMVP framework in full: a declared option (Section 7), a defined measurement
boundary, read-date data discipline, a documented baseline, declared adjustments, conservative treatment of

uncertainty, and complete disclosure of limitations. Alignment is demonstrated in the report itself — every

reconciliation contains the data and formulas needed for an independent CMVP or professional engineer to reproduce
the result without contacting AquaFlow.

The Wall of Credibility: AquaFlow Did Not Invent M&V — We Apply It

One page, no argument — just the standards, statutes, agencies, professional bodies, and credentials that the methodology in

this paper stands on. Skepticism about M&V is not skepticism about AquaFlow; it is skepticism about all of this. M&V is a
mature professional discipline with a seventy-year lineage; AquaFlow’s role is application, not invention.

1950s–60s 1970s 1980s 1990s 2000s 2010s 2020s

50 yrs
O F  P E R F O R M A N C E -

C O N T R A C T I N G  P R A C T I C E

1996
F I R S T  C O M M O N  P R O T O C O L

( N E M V P )

4
V E R I F I C AT I O N  O P T I O N S  ( A – D )

40+
C O U N T R I E S  U S I N G  I P M V P -

B A S E D  P R O G R A M S

U.S. DOE
CONVENED

NEMVP ·  1996

EVO
IPMVP

STEWARD ·
SINCE 2001

IPMVP
CORE

CONCEPTS ·
2022 ED.

ASHRAE
GUIDELINE 14

FEMP
M&V

GUIDELINES
5.0 ·  2024

ISO
50015 / 50001

CMVP
CERTIFIED

M&V
PROFESSIONAL

AEE
ASSOC. OF

ENERGY
ENGINEERS

Performance
measurement takes

root in industrial
engineering practice

Energy crises launch
conservation

programs at national
scale

ESCOs and pay-from-
savings performance
contracting expand

NEMVP (1996) and
IPMVP (1997) — the
common rulebook is

written

Global adoption;
EVO stewardship;
CMVP credential

Institutional
standardization —

FEMP 4.0, ISO 50015,
utility frameworks

Standard practice
across energy, water,

and infrastructure
sectors
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The Wall of Credibility — The Architecture in Detail

The four pillars of the institutional framework, with the specific instruments and citations behind each.

P U B L I S H E D  S TA N D A R D S

IPMVP Core Concepts (EVO, 2022; editions since 1997) —
the global savings-determination framework, for energy

and water.[1]

ASHRAE Guideline 14 — measurement of energy, demand,

and water savings; the statistical engine.[5]

ISO 50015 / 50001 — international M&V and energy-

management standards echoing IPMVP principles.[7]

G O V E R N M E N T  &  S TAT U T E

U.S. Department of Energy — convened and published the

NEMVP (1996).[3]

EPACT 1992 / 42 U.S.C. § 8287 — federal ESPCs with M&V

required by law.[10]

FEMP M&V Guidelines 4.0 (2015), 5.0 (2024) — IPMVP

options operationalized for federal contracts.[4]

DOE / NREL Uniform Methods Project — measure-level

savings protocols for utility programs.[6]

P R O F E S S I O N A L  B O D I E S  &  C R E D E N T I A L S

EVO — independent non-profit steward of the IPMVP since

2001.[2]

CMVP — the Certified Measurement & Verification

Professional credential, administered by EVO with AEE.[8]

AEE — the Association of Energy Engineers, credentialing

the practitioner workforce.[8]

I N D U S T R Y  &  A S S U R A N C E

ESCO industry — pay-from-savings contracting

documented in LBNL’s recurring market studies.[9]

Utility conservation programs — ratepayer-funded
incentives evaluated under IPMVP-consistent frameworks.
[6]

ISAE 3000 assurance — the standard applied to ESG and

resource-performance disclosures.[12]

International adoption — IPMVP-based programs across

more than forty countries.[1]

Figure 8.2 — The institutional architecture of Measurement & Verification. AquaFlow’s methodology aligns to these frameworks; references do not imply
endorsement by any body listed (Appendix B).
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The IPMVP defines four pathways for determining savings. They differ in where the measurement boundary is
drawn (the affected system, or the whole facility) and in how performance is established (measurement, or

calibrated simulation). Choosing the right option — and saying so in advance — is the first decision of any
credible M&V plan.

Option A — Retrofit Isolation: Key Parameter Measurement

Definition. Savings are determined at the boundary of the affected system. The parameter(s) that dominate savings are

measured; remaining parameters are stipulated from manufacturer data, spot tests, or engineering estimates, with the

stipulation declared in the M&V plan.

A D VA N TA G E S

Lowest cost; proportionate for small measures

Fast; does not wait on utility billing cycles

Isolates the measure from facility noise

L I M I TAT I O N S

Stipulated values carry unmeasured risk

Result is partly an estimate, by design

Weak against “prove it” scrutiny if the stipulated parameter
is the disputed one

Typical use. Lighting retrofits (measure wattage, stipulate hours). Water applications. Fixture replacements where flow rate is

measured and usage events are stipulated. Energy applications. Motor and lighting projects with stable schedules.

Option B — Retrofit Isolation: All Parameter Measurement

Definition. Savings are determined at the affected-system boundary with all relevant parameters measured — no stipulations.

For water, this typically means metered flow through the affected line in both baseline and reporting periods, plus

measurement of the operational driver.

A D VA N TA G E S

Fully measured; no stipulated values

Highest-resolution view of the measure itself

Supports per-unit efficiency metrics (e.g., gallons per car)

L I M I TAT I O N S

Requires dedicated metering/logging

Higher cost; more instrumentation to maintain

Boundary effects elsewhere in the facility are out of scope

Typical use. Variable-load systems where the measure’s output is directly meterable. Water applications. Process lines,

irrigation mains, car-wash feeds with count data. Energy applications. VFD retrofits, chiller replacements with dedicated
metering.

S E C T I O N  0 7

IPMVP Options A, B, C, and D 07
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Option C — Whole Facility

Definition. Savings are determined at the utility revenue meter for the entire facility, by comparing reporting-period

consumption against the adjusted baseline from utility billing data. Option C answers the question owners actually ask — “did

my building use less water?” — using the one meter whose readings both parties already pay by.

A D VA N TA G E S

Built on the utility’s own revenue-grade meter

Captures the measure’s full effect, including interactions

No additional instrumentation; data is already billed and

archived

Directly reconcilable to the customer’s invoices

L I M I TAT I O N S

Requires disciplined normalization (days, season, activity)

Savings below roughly 10% of facility load can be hard to

resolve against noise

Needs a sufficient baseline (nominally 12 months) and clean
reporting cycles

Typical use. Whole-building retrofits and any measure large relative to total load. Water applications. Service-entrance valve

technology (AquaFlow’s case), leak programs, whole-property fixture campaigns. Energy applications. Multi-measure

performance contracts verified at the utility meter.

Option D — Calibrated Simulation

Definition. Savings are determined with a computer model of the facility, calibrated to measured utility data, then run with and
without the measure. Used when measurement is impossible — most commonly new construction, where no baseline building

ever existed.

A D VA N TA G E S

Works where no baseline exists

Can separate many simultaneous measures

L I M I TAT I O N S

Model risk; results depend on calibration quality

Costly, specialist-intensive, hardest to audit

Typical use. New construction, deep retrofits with no usable baseline. Water applications. Design-stage conservation credits.

Energy applications. Whole-building energy models for green-building certification.
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Side-by-Side Comparison

OPTION A OPTION B OPTION C OPTION D

Boundary Affected system Affected system Whole facility Whole facility /

system

Basis Key parameter measured; rest

stipulated

All parameters measured Utility meter analysis Calibrated

simulation

Stipulations Yes (declared) None None Model assumptions

Extra

metering

Some Full None None (model

instead)

Relative cost Low Higher Low–moderate High

Best when Measure small, behavior stable Driver data available at the

system

Measure is significant vs.

total load

No baseline exists

Audit posture Estimate-dependent Strong at system level Strong at billing level Model-dependent

Why AquaFlow Verifies the Way It Does

AquaFlow’s valve is installed at the facility’s water service entrance, and its effect is intended to be significant relative to total
consumption (recorded results: 9–47%). Both facts point to the same primary methodology: whole-facility, utility-bill-based
verification (Option C), computed read-to-read on the utility’s own revenue meter. It is the most directly auditable pathway —

every input is a document the customer already possesses — and it captures the technology’s full effect rather than a modeled

slice of it. Where a facility offers reliable activity data at the affected system — car counts at a car wash, turns at a laundry —
AquaFlow supplements the analysis with retrofit-isolation measurement consistent with Option B, reporting efficiency per

operational unit alongside whole-facility totals. Every report states its option on the cover.
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C H O O S I N G  T H E  V E R I F I C AT I O N  PAT H WAY  —  D E C I S I O N  L O G I C

QUESTION ANSWER CONSEQUENCE

Does a measured pre-install baseline exist? No Option D (calibrated simulation) — rare for AquaFlow projects

Is the measure significant relative to whole-
facility load?

Yes Option C — whole-facility utility-bill analysis (AquaFlow
primary)

Is aligned operational driver data available (cars,

turns, rooms, units)?

Yes Add Option B-consistent per-unit analysis (AquaFlow

supplement)

Is the measure small and behavior stable, with

budget constraints?

Yes Option A acceptable, with stipulations declared

Figure 7.1 — Decision logic for option selection. AquaFlow’s standard reconciliation is Option C, supplemented by Option B-consistent operational analysis
where aligned driver data exists.
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A utility bill is a financial instrument, not a measurement report. It mixes the price of water with the quantity of

water, layers fees and taxes on top, and samples the result over billing windows of unequal length. Reading

performance straight off a bill is the most common analytical error in water conservation — and it cuts both
ways.

Why Building Owners Get Burned

Before the anatomy, the autopsy. The following sequence has played out, in some form, at thousands of properties — with

every vendor, in every utility category, for decades. It is the single most common way conservation projects die, and it is why

this chapter exists.

M O N T H  0

“You’ll save around 20%.”
The vendor’s estimate is sincere — and
for this property, suppose it is even
correct. Equipment goes in.

M O N T H  2

The bill arrives. It’s higher.
The owner stares at a total that went up.
Nobody printed the gallons on the first
page.

M O N T H  3

“The system failed.”
The owner wants it out. The vendor
insists it’s working. Both point at the
same bill.

W H AT  A C T U A L LY  H A P P E N E D

Four things moved at once.
The utility’s rate case landed. Sewer charges rose faster than water.
Occupancy recovered. Irrigation season began. Consumption per
unit of activity genuinely fell — and the bill total still rose, exactly
as the arithmetic in this chapter predicts.

T H E  U N C O M F O R TA B L E  T R U T H

Without M&V, both sides can be right and still
disagree.

The owner is right: the bill went up. The vendor is right:
consumption went down. With no baseline, no normalization, and
no rate separation, there is no referee — only a stalemate, a
removed valve, and a saving that dies unmeasured.

W H Y  T H I S  N E V E R  H A P P E N S  U N D E R  M & V

An M&V reconciliation answers each party’s question separately, in writing, from the owner’s own records: what did

consumption do (gallons, day-normalized, season-matched), what did rates do (per period, from invoices), and what did

everything else do (occupancy, fees — disclosed). The meeting where both sides shout at one bill simply never gets
scheduled. That is the practical product this entire document describes.

S E C T I O N  0 8

Why Utility Bills Can Be Misleading 08
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Anatomy of a Commercial Water Bill

COMPONENT
VARIES WITH

USE?
WHY IT DISTORTS NAIVE COMPARISONS

Water volumetric charge Yes The price per unit changes over time (rate cases) and often with quantity
(tiers/blocks).

Sewer volumetric charge Yes Usually billed on metered water inflow, frequently at a rate higher than water
itself; some utilities cap or season-adjust it.

Tiered / block pricing Yes (non-

linearly)

Marginal price jumps at thresholds; the same gallon costs different amounts in

different months.

Demand / capacity charges Partly Sized to meter capacity or peak flow, not consumption in the period.

Fixed service fees No Identical whether the building saves 0% or 40%; dilutes percentage changes in

the bill total.

Stormwater charges No Based on impervious area; wholly unrelated to consumption.

Taxes, franchise fees, surcharges Mixed Percentage adders move with the subtotal; flat adders do not. Fuel/energy
surcharges track utility costs, not customer use.

Municipal adjustments No Rate riders, drought surcharges, infrastructure programs appear and disappear by

ordinance.

The Non-Price Confounders

Even with prices frozen, raw bills move for reasons that have nothing to do with equipment performance: seasonality (irrigation

and cooling load can double summer consumption); billing-cycle length (a 33-day cycle reads 18% higher than a 28-day cycle at

identical daily use); occupancy changes (a hotel at 85% versus 60% occupancy is a different building); weather
(evapotranspiration drives irrigation; hot summers drive cooling-tower make-up); business activity (production volume, event

calendars, enrollment); operational changes (a new tenant, an added shift, a repaired or newly sprung leak); and estimated
reads that true-up in a later cycle. M&V exists precisely to strip these confounders out before attributing anything to the

equipment.

Worked Example 1 — The Bill Goes Up While Consumption Goes Down

A property consumes 1,000,000 gallons in a baseline month at a combined variable rate (water + sewer) of $14.00 per 1,000

gallons: a variable bill of $14,000.00. The following year the utility adopts a 20% rate increase ($16.80 per 1,000 gallons).

Conservation equipment cuts the same month’s consumption by 12%, to 880,000 gallons.
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CONSUMPTION (GAL) RATE ($/1,000 GAL) VARIABLE BILL

Baseline month (Year 1) 1,000,000 14.00 $14,000.00

Same month, Year 2 — actual (with equipment) 880,000 16.80 $14,784.00

Same month, Year 2 — counterfactual (no equipment) 1,000,000 16.80 $16,800.00

Avoided cost created by the equipment 120,000 — $2,016.00

The owner’s bill rose $784.00 (+5.6%) year over year — and the equipment simultaneously saved $2,016.00 in that month. Both

statements are true. A naive bill-to-bill comparison reports the first and misses the second entirely; the equipment is the only
reason the increase was $784 instead of $2,800.

E X A M P L E  1  —  R AT E  I N C R E A S E  M A S K S  A  R E A L  S AV I N G

0

5k

9k

14k

18k

14k14k

Year 1 baseline

15k15k

Year 2 actual (with valve)

17k17k

Year 2 counterfactual (no valve)

Year-1 billYear-1 bill

Figure 8.1 — Monthly variable bill (USD). The visible bill rises 5.6%; the avoided cost — the gap between counterfactual and actual — is $2,016.00. Only the
counterfactual comparison reveals performance.

Worked Example 2 — The Bill Goes Down While Consumption Goes Up

The mirror image is just as common. A property consumes 600,000 gallons in a baseline month at an effective combined rate of
$14.50 per 1,000 gallons ($8,700.00). The next year, the utility’s winter sewer-averaging program caps sewer billing for that

month, cutting the effective combined rate to $12.50. Meanwhile consumption actually rises 8% to 648,000 gallons.

CONSUMPTION (GAL) EFFECTIVE RATE ($/1,000 GAL) VARIABLE BILL

Baseline month (Year 1) 600,000 14.50 $8,700.00

Same month, Year 2 648,000 12.50 $8,100.00

Apparent “saving” from the bill +48,000 (worse) — −$600.00

The bill fell 6.9% while consumption deteriorated 8%. An owner crediting equipment — anyone’s equipment — for this “saving”
would be rewarding a tariff artifact. A vendor willing to claim it should worry you; the same arithmetic that manufactures this
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saving will erase a real one the moment rates move the other way.

Case Observation from an Issued Reconciliation

R E A L- W O R L D  D I S C L O S U R E

In the stadium reconciliation summarized in Section 14, UK water tariffs in the 2024–2026 window escalated 8–11% in
some regions while the analysis assumed only 5% long-run escalation — a divergence the report discloses explicitly,

noting its conservative case “may be understated.” Rate motion on that scale, left unseparated, would dwarf naive bill-

to-bill comparisons. The reconciliation instead applied a fixed, invoice-derived tariff to both expected and actual
consumption, so rate motion cancels out of the savings determination entirely.

T H E  D I S C I P L I N E  T H AT  F I X E S  A L L  O F  T H I S

Hold the tariff constant, and the comparison measures consumption. Hold consumption constant, and the comparison

measures rates. Never let one masquerade as the other. Every AquaFlow reconciliation computes an effective variable

rate from the customer’s own invoices — total variable charges divided by gallons, per period — applies it identically to

expected and actual volumes, and excludes every fixed fee. Rate changes are reported as rate changes; savings are
reported as gallons first, dollars second. Section 9 develops this principle in full.
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Full-Page Reference — Why a Utility Bill Alone Cannot Prove Savings

Three properties. Identical equipment performance: consumption falls exactly 12.5% (1,000,000 → 875,000 gallons). The only

difference is what the utility did to rates. Watch what the bill — the number most people look at first — does in each case.

SCENARIO A — RATES FLAT

G A L L O N S :

1,000,000 → 875,000 (−12.5%)

R AT E  ( $ / 1 , 0 0 0  G A L ) :

$14.00 → $14.00 (0%)

VA R I A B L E  B I L L :

$14,000 → $12,250

B I L L  C H A N G E :

−12.5%

Bill agrees with the meter. The saving is
visible on the invoice — the only case
where a bill glance happens to tell the
truth.

SCENARIO B — RATES UP 14.3%

G A L L O N S :

1,000,000 → 875,000 (−12.5%)

R AT E  ( $ / 1 , 0 0 0  G A L ) :

$14.00 → $16.00 (+14.3%)

VA R I A B L E  B I L L :

$14,000 → $14,000

B I L L  C H A N G E :

0.0%

Bill goes flat; saving disappears from
view. Without the valve the bill would
have been $16,000. The equipment is
silently absorbing the entire rate increase.

SCENARIO C — RATES UP 28.6%

G A L L O N S :

1,000,000 → 875,000 (−12.5%)

R AT E  ( $ / 1 , 0 0 0  G A L ) :

$14.00 → $18.00 (+28.6%)

VA R I A B L E  B I L L :

$14,000 → $15,750

B I L L  C H A N G E :

+12.5%

Bill rises while the valve performs
perfectly. Counterfactual bill: $18,000. The
equipment avoided $2,250 this month —
and a bill glance would call it a failure.

S A M E  P E R F O R M A N C E ,  T H R E E  D I F F E R E N T  B I L L S

0

5k

10k

15k

20k

14k14k

12k12k

A: rates flat

16k16k

14k14k

B: rates +14.3%

18k18k

16k16k

C: rates +28.6%

Counterfactual bill (no valve, at new rates) Actual bill (with valve)

Figure 8.2 — In all three scenarios the valve saves exactly 125,000 gallons and the gap between counterfactual and actual is the real saving ($1,750,
$2,000, and $2,250 respectively — growing as rates rise). The visible bill moves −12.5%, 0%, and +12.5%. A higher bill does not mean the valve failed; it
means the utility moved.
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If a reader takes one analytical idea from this paper, it should be this: gallons are the performance metric;
dollars are a consequence. Conservation equipment acts on consumption. Utilities act on price. Confusing the

two is how good projects get blamed for rate increases — and how bad projects take credit for tariff luck.

Two Variables, One Bill

Every variable water charge is the product of two numbers controlled by two different parties:

Variable bill  =  Consumption (gallons)  ×  Effective rate ($/gallon)

AquaFlow’s valve influences the first factor. The utility — through rate cases, tier structures, surcharges, and pass-throughs —
controls the second. No conservation technology on earth controls the second factor, and any savings methodology that lets the

two factors blur together will eventually report nonsense in both directions. The IPMVP’s answer, and AquaFlow’s, is to measure

performance in gallons and then value those gallons at a documented effective rate.

The Effective Rate, Defined

Effective rate  =  (variable water charges + variable sewer charges)  ÷  gallons billed, per

period

Fixed fees, stormwater charges, and meter charges are excluded — they do not change when consumption changes, so

including them would understate the value of each saved gallon in percentage terms while overstating bill-level “noise.”

Because sewer is typically billed on metered water inflow, each avoided gallon usually avoids both a water charge and a sewer

charge; in many U.S. cities the sewer component is the larger of the two. This is why water conservation routinely outperforms
intuition financially: the visible “water rate” is often less than half the true marginal cost of a gallon.

Worked Example — From Gallons to Dollars, Exactly

A commercial property has a verified baseline of 8,000 gallons per day. After installation and stabilization, measured

consumption is 6,400 gallons per day — a 20.0% reduction, established per Sections 11–13. Its invoices show an effective

variable rate of $0.0150 per gallon ($15.00 per 1,000 gallons, water + sewer combined).

S E C T I O N  0 9

Dollars Versus Gallons 09

A Q U A F L O W    |    M E A S U R E M E N T  &  V E R I F I C A T I O N T H E  S T A N D A R D  O F  P R O O F  ·  V 5 . 0

A Q U A F L O W  T E C H N O L O G I E S    |    M E A S U R E M E N T  &  V E R I F I C AT I O N  W H I T E  PA P E R Page 30 of 84



QUANTITY COMPUTATION VALUE

Daily gallons saved 8,000 − 6,400 1,600 gal/day

Daily dollar savings 1,600 × $0.0150 $24.00/day

Annual gallons saved 1,600 × 365 584,000 gal

Annual dollar savings (rates constant) 584,000 × $0.0150 $8,760.00

Annual dollar savings if rates rise 10% to $0.0165 584,000 × $0.0165 $9,636.00

Note the last row carefully. The gallons saved did not change — 584,000 either way. The value of those gallons rose with the

rate. This is the financial logic of conservation as an asset: measured gallon savings are a hedge whose payout grows every
time the utility raises prices.

T H E  S A M E  5 8 4 , 0 0 0  S AV E D  G A L L O N S ,  VA LU E D  U N D E R  R I S I N G  R AT E S

0

4k

7k

11k

14k

9k9k

Year 1 ($0.0150/gal)

9k9k

Year 2 (+5%)

10k10k

Year 3 (+5%)

10k10k

Year 4 (+5%)

11k11k

Year 5 (+5%)

Annual value of a constant 584,000-gallon saving, 5% rate escalation

Figure 9.1 — Dollars are downstream of gallons. With consumption performance constant, annual savings value compounds with the tariff: $8,760.00
grows to $10,647.84 by Year 5 at 5% annual escalation ($8,760 × 1.05⁴ = $10,647.84).

Why Reporting in Dollars Alone Fails Both Directions

Against the customer: a rate increase can swallow a real saving (Section 8, Example 1). The equipment performed; the dollar

comparison says it didn’t.

For the customer, dishonestly: a tariff cap or seasonal credit can manufacture a phantom saving (Section 8, Example 2). The

equipment did nothing; the dollar comparison says it did.

Across properties: identical equipment performance produces different dollar results in Phoenix, Chicago, and London.

Gallons-per-day reduction is the only metric that compares installations honestly.

Across time: dollar baselines go stale with every rate case. A gallon baseline, day-normalized and season-matched, stays

valid until the building itself changes.
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Before and After, Stated Properly

H O W  A Q UA F L O W  S TAT E S  A  R E S U LT  —  C O N S U M P T I O N  F I R S T,  T H E N  VA LU E

BASELINE POST-INSTALL CHANGE

1. Performance (measured) —

gallons/day

8,000 6,400 −20.0%

2. Efficiency (where driver data exists) —
gallons/unit

e.g., 37.67 gal/car 31.39 gal/car −16.7%

3. Value (computed) — $/year at
documented effective rate

— — $8,760.00

4. Rate environment (disclosed
separately)

Tariff changes reported as tariff changes — never folded into performance

Figure 9.2 — The reporting hierarchy in every AquaFlow reconciliation. Row 2 uses the per-car efficiency figures from the car-wash reconciliation in Section
14.

T H E  P R I N C I P L E ,  I N  O N E  S E N T E N C E

AquaFlow cannot control your utility’s rates and never claims credit or blame for them; AquaFlow influences

consumption, measures it in gallons against an IPMVP-aligned baseline, and converts gallons to dollars only at an

effective rate derived from your own invoices — so the number you take to your CFO survives the next rate case.

Five More Ways Real Savings Hide — Worked Exactly

1. A Sewer Increase Hides the Saving

Water rate constant at $6.00 per 1,000 gallons; sewer rises 30%, from $8.00 to $10.40. Consumption falls 15% (1,000,000 →

850,000 gallons). Baseline bill: $6,000.00 + $8,000.00 = $14,000.00. New bill: $5,100.00 + $8,840.00 = $13,940.00 — visibly flat
(−0.4%) despite a 15% consumption cut. Counterfactual at new rates: $6,000.00 + $10,400.00 = $16,400.00; the equipment

avoided $2,460.00. Sewer line items, billed on metered water inflow, move independently of the water rate and routinely mask

performance.

2. Fixed Fees Shrink the Visible Percentage

A small property: $1,000.00 variable charges + $600.00 fixed fees = $1,600.00 total bill. The valve cuts consumption 20%,

reducing variable charges to $800.00. New total: $1,400.00 — a 12.5% bill reduction from a 20% consumption reduction. The

equipment did not underperform; the fixed $600.00 simply cannot shrink. This is why AquaFlow reports savings as a percentage
of consumption and values them against variable charges only — the percentage a bill glance shows will always understate

performance wherever fixed fees exist.
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3. An Occupancy Increase Masks the Saving

A hotel runs 18,000 occupied room-nights in the baseline period at 160.00 gallons per room-night: 2,880,000 gallons. Post-

install, business improves to 22,500 room-nights while the valve cuts intensity 17.0% to 132.80 gallons per room-night:

2,988,000 gallons. Total consumption rose 3.75% — and the equipment is performing exactly as measured. Only operational
normalization (gallons per room-night) reveals it. A raw-total reading would cancel a working project; the per-unit reading

shows a hotel serving 25% more guests on 4% more water.

4. Seasonality Manufactures Failure (and Success)

A property’s irrigation-season July historically runs 12,000 GPD; its March runs 8,000 GPD. The valve is installed in spring; post-
install July measures 9,600 GPD. Compared sequentially against March, consumption looks up 20%. Compared against the

season-matched baseline — last July’s 12,000 GPD — it is down 20%. Same meter, same month, opposite conclusions. Season-

matched, day-normalized comparison is not a refinement; it is the difference between an answer and an artifact.

5. The Compounding Case — Several Confounders at Once

Real properties stack these effects: a rate case lands in the same quarter as an occupancy recovery and an irrigation season.

Each effect pushes the visible bill in its own direction, and their sum is uninterpretable by inspection. The reconciliation unstacks

them in a fixed order — days first, season second, operations third, tariff last — so that what remains is attributable to the
equipment. That ordering is the entire content of Sections 10–13.

The One-Glance Matrix

WHAT YOU SEE ON THE
BILL

WHAT THE METER SAYS
WHAT ACTUALLY
MOVED

BILL VERDICT M&V VERDICT

Bill down 12.5% Gallons down 12.5% Rates flat Success Success — agree

Bill flat Gallons down 12.5% Rates +14.3% “Nothing
happened”

Success — hidden

Bill up 12.5% Gallons down 12.5% Rates +28.6% “Failure” Success —

masked

Bill flat (−0.4%) Gallons down 15% Sewer +30% “Nothing
happened”

Success — hidden

Consumption up 3.75% Gallons/room-night down
17%

Occupancy +25% “Failure” Success — per
unit

Figure 9.3 — The five worked cases of this section, in one view. In four of five, the bill verdict is wrong. The meter, normalized, is right every time.

W H AT  A Q U A F L O W  D O E S  A N D  D O E S  N O T  C O N T R O L

AquaFlow does not control utility water rates. AquaFlow does not control sewer rates. AquaFlow does not control fixed
fees. AquaFlow does not control taxes. AquaFlow does not control municipal surcharges. AquaFlow influences
consumption. Therefore: gallons prove performance; dollars prove financial value. Measure gallons first. Value dollars

second. Every number AquaFlow certifies follows that sequence.
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Everything between a vendor’s claim and a defensible result is shown below. Note where the data comes from at each stage:

the customer’s own records, governed by the rules of Sections 11–13, reviewed by professionals named in Section 17.

AquaFlow’s assertions appear exactly once — at the top, where they count for nothing yet.

Vendor Claim “This valve will reduce your consumption.” A hypothesis — worth testing, worth

nothing until tested.

Customer Utility Records The customer’s own bills and meter reads — read dates, day counts, gallons,
itemized charges. The only evidence source used.

Baseline Period Twelve-plus pre-install cycles used as found — no cherry-picking; shortfalls
disclosed on the report face.

Installation Month Excluded The transition cycle blends two operating regimes; it is shown, labeled, and used
in no calculation (Section 12).

Clean Post-Install Period Minimum three complete, non-overlapping cycles after transition — or the

report is stamped PRELIMINARY (Section 13).

Normalization Gallons per day always; gallons per operational unit where aligned driver data
exists. Periods become comparable.

Expected Consumption Baseline rate × reporting-period conditions: what the building would have used
without the valve.

Actual Consumption What the utility’s revenue meter recorded with the valve operating. Nobody’s
opinion — a meter read.

Verified Savings Expected − Actual, in gallons — the performance fact, computed by printed

formula.

Financial Reconciliation Gallons valued at the invoice-derived effective variable rate; fixed fees excluded;
payback, ROI, IRR, NPV; 70% conservative case.

CFO / Engineer / Auditor Review The report carries its own audit trail — any qualified third party can recompute
every figure from the customer’s documents (Section 17).

S E C T I O N  1 0

From Claim to Proof
The full evidentiary chain of an AquaFlow reconciliation — every link a document, every arrow a rule.

10
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Figure 10.1 — The claim-to-proof chain. The vendor’s role in the evidence ends at the first box; every subsequent link is the customer’s data processed under

published rules.[1][11]
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Every AquaFlow reconciliation follows the same twelve steps in the same order — whether the property is a 1.5-

inch-meter storefront or a 74,000-seat stadium. Uniform process is what makes results comparable, auditable,
and fair.

1

Collect billing records
W H AT  A Q UA F L O W  D O E S

Gathers every available utility bill — target twelve-plus pre-

install cycles plus all post-install cycles — directly from the
customer or utility portal.

W H Y  I T  M AT T E R S

The bills are the evidentiary foundation; the analysis can be no

better than its source documents.

I F  S K I P P E D  O R  S H O R T E N E D

Short baselines embed one season’s behavior and bias the

result in whichever direction that season leans.

E V I D E N C E  I N  T H E  R E P O R T

Full baseline table: every cycle, with service dates, days,

gallons, and itemized charges.

2

Confirm read dates
W H AT  A Q UA F L O W  D O E S

Verifies every cycle’s meter-read start and end dates and day

count; flags estimated reads and meter changes.

W H Y  I T  M AT T E R S

All analysis is read-to-read. Invoice dates lag read windows by

days or weeks and corrupt month assignments.

I F  S K I P P E D

Consumption lands in the wrong months; comparisons shift by

a cycle; estimated reads smear usage across periods.

E V I D E N C E  I N  T H E  R E P O R T

Explicit service-date ranges and day counts on every table row;

estimated-read disclosures.

3

Establish the baseline
W H AT  A Q UA F L O W  D O E S

Designates the complete consecutive pre-install dataset as the

baseline — used as found, never trimmed for convenience.

W H Y  I T  M AT T E R S

The baseline is the counterfactual’s anchor; its integrity is the

result’s integrity.

I F  S K I P P E D  O R  C H E R RY- P I C K E D

A flattering baseline manufactures savings; an unflattering one
destroys them. Either way the report is indefensible.

E V I D E N C E  I N  T H E  R E P O R T

Baseline GPD computation shown in full (total gallons ÷ total
days), traceable to the table.

S E C T I O N  1 1

How AquaFlow M&V Works: The Twelve-Step
Process
What AquaFlow does at each step, why it matters, what goes wrong when it is skipped, and what evidence

lands in the final report.

11
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4

Exclude the transition cycle

W H AT  A Q UA F L O W  D O E S

Identifies the billing cycle overlapping installation and removes
it from all calculations — shown separately, labeled EXCLUDED.

W H Y  I T  M AT T E R S

The cycle blends pre- and post-valve operation plus
commissioning disturbances; it proves nothing (Section 12).

I F  S K I P P E D

Up to several points of distortion in either direction —

quantified in Section 12’s table.

E V I D E N C E  I N  T H E  R E P O R T

A dedicated transition-cycle table with the exclusion reason

stated.

5

Collect clean post-install cycles
W H AT  A Q UA F L O W  D O E S

Accumulates a minimum of three complete, consecutive, non-

overlapping cycles after the transition cycle.

W H Y  I T  M AT T E R S

Stabilization is physical and noise is statistical; three cycles is

the floor for a certifiable signal (Section 13).

I F  S K I P P E D

One-cycle conclusions mistake noise or ramp-up for truth — in

a verified case, by 18 percentage points.

E V I D E N C E  I N  T H E  R E P O R T

Post-install table, cycle by cycle; PRELIMINARY stamp whenever

the minimum is not yet met.

6

Normalize the data
W H AT  A Q UA F L O W  D O E S

Converts all periods to gallons per day; adds gallons per

operational unit where customer driver data matches read-
date windows exactly — cars washed, occupied rooms, laundry

turns, occupied units, meals served, beverages produced,
production throughput — and incorporates weather context

through season-matched comparison.

W H Y  I T  M AT T E R S

Billing cycles run 28–35 days and business volume moves;

normalization makes periods commensurable.

I F  S K I P P E D

A 33-day cycle “outperforms” a 28-day cycle by 18% on

calendar arithmetic alone.

E V I D E N C E  I N  T H E  R E P O R T

GPD and gallons-per-unit columns on every table; driver-data

alignment statement or exclusion disclosure.

7

Reconcile expected vs. actual
W H AT  A Q UA F L O W  D O E S

Computes expected gallons (baseline rate × post-install

conditions) under both methods — day-normalized and
operational — and takes savings as expected minus actual.

W H Y  I T  M AT T E R S

Dual-method analysis separates total reduction from per-unit

efficiency and exposes volume effects honestly.

I F  S K I P P E D

Volume changes masquerade as performance, for or against

the equipment.

E V I D E N C E  I N  T H E  R E P O R T

Per-cycle and period reconciliation tables; dual-method

comparison with the variance explained; the conservative

figure drives financials.
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8

Convert gallons to dollars

W H AT  A Q UA F L O W  D O E S

Derives the effective variable rate from the customer’s own
invoices — (water + sewer variable charges) ÷ gallons, per

period — and applies it identically to expected and actual
volumes. Fixed fees excluded.

W H Y  I T  M AT T E R S

Holding the tariff constant isolates consumption; rate changes
are reported separately as rate changes (Section 9).

I F  S K I P P E D

Rate motion contaminates the savings figure in either direction

— the single most common error in vendor savings claims.

E V I D E N C E  I N  T H E  R E P O R T

Effective-rate derivation printed line by line; savings stated in

gallons first, dollars second.

9

Prepare the report

W H AT  A Q UA F L O W  D O E S

Assembles the full document: scope, methodology, baseline,
transition, post-install, dual-method analysis, savings,

annualization, payback, ROI, IRR, NPV at four discount rates,
and the 70%-of-observed conservative case.

W H Y  I T  M AT T E R S

The report must be self-auditing — complete enough to
recompute without contacting AquaFlow.

I F  S K I P P E D  O R  A B B R E V I AT E D

An unverifiable summary is a brochure, not a reconciliation.
E V I D E N C E  I N  T H E  R E P O R T

The report itself, in the fixed seventeen-part structure shown in

Section 15.

10

Engineering QA review
W H AT  A Q UA F L O W  D O E S

Re-adds every day count, re-totals gallons, re-derives rates,

recomputes every percentage and financial output, and
investigates anomalies before issuance.

W H Y  I T  M AT T E R S

A single internal inconsistency discredits an otherwise sound

analysis in front of exactly the audiences that matter.

I F  S K I P P E D

Avoidable arithmetic errors surface during the customer’s — or
their auditor’s — review.

E V I D E N C E  I N  T H E  R E P O R T

The data-integrity certification: a falsifiable, line-by-line list of
the disciplines applied.

11

Deliver the final report

W H AT  A Q UA F L O W  D O E S

Issues the official reconciliation — or a PRELIMINARY/interim
version, stamped as such — with the complete disclosure

section: missing data, rate changes, anomalies, limitations.

W H Y  I T  M AT T E R S

Disclosure placed inside the document is what survives
adversarial review; omissions discovered later do not.

I F  S K I P P E D

Every undisclosed limitation becomes someone else’s discovery

— and the report’s credibility ends there.

E V I D E N C E  I N  T H E  R E P O R T

Disclosures & Limitations table; certification statement; report

ID and issue date.
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12

Walk the customer through the findings

W H AT  A Q UA F L O W  D O E S

Reviews the reconciliation with the customer line by line —
baseline, exclusions, normalization, savings, financials — and

answers method questions against this white paper.

W H Y  I T  M AT T E R S

A result the customer understands is a result the customer can
defend internally — to their CFO, their board, their auditor.

I F  S K I P P E D

Even a correct report fails commercially if its owner cannot
explain it.

E V I D E N C E  I N  T H E  R E P O R T

The walkthrough itself; reissuance schedule for extended-data
updates as cycles accumulate.

Financial Rules Applied in Every Report

Variable charges only. Savings valued on water plus sewer volumetric charges; fixed fees, stormwater, and meter charges

excluded.

Annualization. Annual savings = (period savings ÷ period days) × 365; monthly = annual ÷ 12.

Projections. Multi-year projections apply 5% annual utility escalation — conservative against recent water-tariff history in
many markets.

Full investment math. Simple payback (months), annual ROI, 3- and 5-year projections, IRR at 3/5/10 years, NPV at 5%, 8%,
10%, and 15% — all tied to measured savings.

Conservative case. Every report independently models savings at 70% of observed.

I F  D ATA  I S  M I S S I N G ,  T H E  P R O C E S S  S T O P S

AquaFlow’s protocol prohibits approximation: no estimated gallons, no assumed dates, no “approximately.” If a cycle is
missing, a read is estimated, or operational data does not align with read dates, AquaFlow requests the data and pauses

the affected analysis until it arrives — or issues with the gap explicitly disclosed and the affected method excluded. A

slower, complete report beats a fast, assumed one in every venue this document is written for.
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The billing cycle in which equipment is installed belongs to neither the “before” nor the “after.” It is a blend of

both — and a blend proves nothing. The IPMVP treats it as a transition period; AquaFlow excludes it from every

calculation, in every report, without exception.

Partial-Month Contamination

Consider a valve installed on the 8th of a 31-day cycle. Seven days of that cycle ran under baseline conditions; twenty-four ran
under post-install conditions. The cycle’s total gallons are a weighted average of two different buildings — the one before the

valve and the one after. Assigning that cycle to the baseline drags the baseline down (understating savings later); assigning it to

the post-install period dilutes measured performance with a week of pre-valve consumption (also understating savings — or
overstating them, if installation coincided with a seasonal turn). There is no assignment that is not wrong.

Mixed Operating Conditions

Installation itself disturbs operations: line shutdowns and recharges, flushing, pressure rebalancing, commissioning

adjustments, and the days during which building systems re-equilibrate to new supply dynamics. Consumption during this

window reflects construction activity, not steady-state performance in either direction. No legitimate M&V methodology treats
commissioning-period data as performance data.

Baseline Distortion and Reporting Inaccuracy — Quantified

The arithmetic makes the danger concrete. Take a property with a true baseline of 10,000 GPD and true stabilized post-install

performance of 8,000 GPD — a real 20.0% reduction. The valve is installed on day 8 of a 31-day cycle, so the transition cycle

records (7 × 10,000) + (24 × 8,000) = 262,000 gallons, or 8,451.6 GPD.

TREATMENT OF THE TRANSITION CYCLE
RESULTING

COMPARISON

REPORTED

“REDUCTION”

ERROR VS. TRUTH

(20.0%)

Correctly excluded (AquaFlow rule) 10,000 vs. 8,000 GPD 20.0% 0.0 pts

Counted as the first post-install month (alone) 10,000 vs. 8,451.6

GPD

15.5% −4.5 pts

Averaged into the post-install period with three clean
months

10,000 vs. 8,115.7
GPD

18.8% −1.2 pts

Counted as the final baseline month (12-cycle baseline) 9,867.0 vs. 8,000 GPD 18.9% −1.1 pts

Day-weighted arithmetic, 30-day clean cycles assumed. Row 3: (262,000 + 3 × 240,000 gal) ÷ (31 + 90 days) = 8,115.7 GPD. Row 4: (11 × 300,000 + 262,000 gal) ÷
(330 + 31 days) = 9,867.0 GPD.

S E C T I O N  1 2

Why the Installation Month Is Excluded 12
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Every misassignment biases the result — here, against the equipment; under other seasonal alignments, in its favor. An error a

vendor will sometimes accept against itself today is an error a customer cannot audit tomorrow. The only defensible treatment
is exclusion, disclosed.

T H E  T R A N S I T I O N  C YC L E  I S  N E I T H E R  B A S E L I N E  N O R  P E R F O R M A N C E
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Figure 12.1 — Gallons per day around installation (illustrative). The amber transition cycle (8,451.6 GPD) is a 7-day/24-day blend of two operating regimes.
It is reported, then excluded.

I N  P R A C T I C E  —  F R O M  I S S U E D  R E P O R T S

In the stadium reconciliation summarized in Section 14, the August 2024 cycle containing the August 8 installation

recorded 7,436,885 gallons (£126,719.68). The report displays the cycle in its own table, labels it “EXCLUDED — install
during cycle, IPMVP transition rule,” and computes the 15.35% result entirely from the eleven baseline cycles before it

and the three clean cycles after it. The exclusion is visible, not buried.
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One month of post-install data is an anecdote. Three consecutive clean cycles are the minimum dataset on

which AquaFlow will certify a result — because hydraulic systems stabilize on a curve, and because statistics is

unforgiving about small samples.

Savings Ramp-Up Is Physical, Not Rhetorical

Valve-based conservation does not switch on like a light. After installation, supply pressure and flow dynamics rebalance across
the property; fixtures, irrigation programs, and mechanical systems settle into the new regime; building staff make minor

adjustments; and any installation-period consumption artifacts wash out of the billing data. The result is a characteristic

stabilization curve: modest or even ambiguous performance in the first cycle, marked improvement in the second, stabilized
performance from roughly the third cycle onward.

A Verified Example of the Curve

The stadium reconciliation in Section 14 recorded exactly this pattern across its three post-install cycles:

POST-INSTALL CYCLE DAYS EXPECTED GALLONS ACTUAL GALLONS SAVED GALLONS REDUCTION

Cycle 1 (Sep 2024) — stabilization 30 6,050,428 6,180,748 −130,320 −2.15%

Cycle 2 (Oct 2024) — stabilized 31 6,252,109 5,110,694 +1,141,415 18.26%

Cycle 3 (Nov 2024) — peak 30 6,050,428 4,243,520 +1,806,908 29.86%

Period total 91 18,352,966 15,534,962 2,818,004 15.35%

Had that customer judged the project on Cycle 1 alone, they would have concluded the valve increased consumption by 2.15%.

Had they judged it on Cycle 3 alone, they would have concluded 29.86% — nearly double the certified figure. Both single-month

conclusions are wrong; the 91-day reconciliation (15.35%) is right. This is not a hypothetical — it is the arithmetic of an issued
report.

S E C T I O N  1 3

Why Three Clean Months Are Required 13
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T H E  S TA B I L I Z AT I O N  C U R V E  —  V E R I F I E D  ( S TA D I U M  C A S E )  A N D  T Y P I C A L  PAT T E R N

-5

5

15

25

35

-2.15-2.15

18.2618.26

29.8629.86

Cycle 1 Cycle 2 Cycle 3 Cycle 4 (typ.) Cycle 5 (typ

Verified stadium case (% reduction by cycle) Typical AquaFlow ramp profile (illustrative)

Figure 13.1 — Per-cycle percent reduction. Verified stadium values (teal) and the typical ramp pattern AquaFlow observes (gray, illustrative): small first
month, strong second, stabilized third onward.

Statistical Confidence: Why One Month Cannot Carry a Conclusion

Monthly water consumption is noisy even in an unchanged building — weather, occupancy, events, and cycle length all move it.
In the stadium baseline above, monthly consumption ranged from 4,382,417 to 8,927,644 gallons across eleven cycles: normal

variation of tens of percent around the mean, before any equipment was installed. Against noise of that scale, a single post-

install month cannot be distinguished from an ordinary fluctuation; the apparent “result” of any one cycle is the sum of true
performance plus whatever that month’s noise happened to be. Three consecutive cycles attack the problem three ways:

Averaging. Random month-to-month noise partially cancels across 90+ days, tightening the savings estimate around true

performance.

Trend evidence. Noise is directionless. Three cycles moving coherently — stabilize, improve, hold — is a signature noise does
not produce.

Season matching. Three cycles can be compared year-over-year against the same calendar months in the baseline,
neutralizing the seasonal component that dominates water noise.

Engineering Confidence: What Three Cycles Rule Out

Beyond statistics, three clean cycles let the engineer exclude alternative explanations one by one: an estimated read truing up

(visible as offsetting anomalies in adjacent cycles), a transient occupancy dip (visible in operational data), a seasonal turn (visible

against the season-matched baseline), and installation artifacts (confined to the excluded transition cycle). A conclusion that
survives three cycles of cross-examination is a conclusion; a conclusion drawn from one cycle is a hope.
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Premature Conclusions Create Errors in Both Directions

PREMATURE JUDGMENT LIKELY ERROR THREE-CYCLE CORRECTION

“Month 1 shows nothing — the valve

failed.”

Condemns the project during hydraulic

stabilization; the stadium case would have been
cancelled at −2.15%.

Cycles 2–3 reveal 18–30% performance;

certified result 15.35%.

“Month 1 shows 25% — book it.” Locks in one month’s favorable noise as a
permanent claim that later cycles cannot
support.

Averaging across 90+ days reports the
sustainable, defensible figure.

“The first bill after install is the
answer.”

The first bill is usually the transition cycle —
contaminated by definition (Section 12).

The reporting period begins only after the
transition cycle closes.

H O W  T H E  S AV I N G S  E S T I M AT E  T I G H T E N S  A S  C YC L E S  A C C U M U L AT E
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14.46
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-2.15-2.15

Cycle 1
estimate

10.3710.37

+ Cycle 2
(2-cycle avg 8.22%)

7.137.13

+ Cycle 3
(certified)

15.3515.35

91-day verified
result

Figure 13.2 — Stadium case: the running savings estimate as each cycle is added (−2.15% → 8.2% two-cycle average → 15.35% certified across 91 days;
values are percentage points of reduction, day-weighted). The first-month number is not the answer; the converged number is.

A Q U A F L O W ’ S  R U L E

No AquaFlow result is certified on fewer than three clean post-installation cycles. Where market timing requires an

earlier read — a free-trial checkpoint, a board deadline — AquaFlow will issue the analysis, stamped PRELIMINARY on its

face, with the cycle count disclosed, and will reissue the reconciliation as official only when the minimum dataset exists.
Several reports in Section 14 carry exactly that stamp; the discipline is visible in the portfolio.
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The Confidence Ladder — What Each Month Is For

Figure 13.3 — The confidence ladder. Utility read cycles (28–35 days) also distort short-term comparisons; only from the third clean cycle does the analysis carry

enough days to neutralize cycle-length effects, stabilization physics, and ordinary billing noise simultaneously.

Excluded

I N S TA L L  M O N T H

Blends two operating
regimes plus
commissioning noise.
Shown in the report; used
in no calculation.

Early signal

C L E A N  M O N T H  1

Hydraulic stabilization
underway. Variance in
either direction is
expected and
documented — not
judged.

Trend forming

C L E A N  M O N T H  2

Direction becomes visible;
noise begins averaging out
across 60-plus days of
data.

Verification
window

C L E A N  M O N T H  3

Minimum certifiable
dataset: 90-plus days,
season-matchable, trend-
confirmed. Official
reconciliation issues here.

Higher confidence

M O N T H  4  +

Extended datasets tighten
the estimate further;
reconciliations are
reissued as cycles
accumulate.
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Everything in this section is drawn from AquaFlow M&V Reconciliation Reports issued to customers under the
methodology of Sections 10–13.[11] Identifying details are anonymized; the numbers are reproduced as issued.

Section 15 shows pages from the underlying reports themselves.

Portfolio Summary — Issued Reconciliations (Anonymized)

FACILITY STATUS
VERIFIED

REDUCTION
VOLUME

SAVED
COST SAVINGS PAYBACK RETURN

Express car wash —

Southwest U.S.

Official 32.1% 2,277,000

gal/yr

$24,942.63/yr 1.92 mo 629.3% IRR

(5-yr)

Major international sports
venue — United Kingdom

Official 15.35% sust. /
29.86% peak

11,302,981
gal/yr

£192,578.45/yr 3.52 mo 345.84%
IRR (5-yr)

Multifamily community —
South Florida

Official 19.7% 1,660,000
gal/yr

$28,469/yr 7.2 mo 737% ROI
(5-yr)

Urban commercial
property — Mid-Atlantic

Official 16.49% 169,578 gal † $5,057 † 5.95 mo 152.4% IRR
(5-yr)

Commercial property —

Southeast Florida

Official 16.06% 118,400 gal ‡ $4,985/yr 9.6 mo 127.2% IRR

(5-yr)

36-hole championship golf
facility

Preliminary 9.27% (91-day) 5,438,736 gal
(91 days)

$498,301/yr
annualized

3.6 mo 342.3% IRR
(10-yr)

Commercial facility — early
post-install

Interim 14.5% to date accruing accruing — —

† First 122 verified days. ‡ First 120 verified days (4 cycles).

S E C T I O N  1 4

AquaFlow Verified Results: Portfolio Analysis
Anonymized results from issued M&V reconciliations — including the ones AquaFlow stamped preliminary.
The discipline is the point.

14
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Methodology & Evidence Basis, by Facility

FACILITY EQUIPMENT BASELINE / POST-INSTALL METHODOLOGY

Express car wash 1.5″ valve 14-cycle baseline / post through Nov
2025

Option B, car-count enhanced, day-
normalized

Sports venue (UK) 8″ + 6″ valves (10″ + 6″
meters)

11 cycles, 335 days / 3 cycles, 91
days

Option C, dual-method, transition
excluded

Multifamily (S. FL) 4″ valve 17 billing periods / installed Oct 8,
2025

Option C, 29-day normalized

Commercial (Mid-

Atl.)

3″ valve (3″ meter) 12-cycle baseline / first 122 days

verified

Option C, season-matched

Commercial (SE FL) 1.5″ valve Transition excluded / 4 cycles, 120
days

Option C, day-normalized

Golf facility Two valves, dual points of
entry

Transition cycles excluded / 3 cycles,
91 days

Option C, same-season matched —
PRELIMINARY

Commercial
(interim)

Single valve, main point of
entry

Installed Dec 24, 2025 / accruing Option C, whole facility — INTERIM

Figures as issued in the underlying reconciliations; currencies as billed.[11] “Preliminary” and “Interim” stamps are AquaFlow’s own. Across the broader
installation base, recorded reductions span 9% to 47%, with a typical sustained result of approximately 20%. Results vary by site conditions, operating patterns,
fixture profile, water pressure, utility rate structure, and baseline efficiency.

M E A S U R E D  R E D U C T I O N S  A C R O S S  I S S U E D  R E C O N C I L I AT I O N S

0% 10% 20% 30% 40% 50%

All recorded installations typ. ≈20%typ. ≈20%

Car wash (SW U.S.) 32.1%32.1%

Multifamily (S. FL) 19.7%19.7%

Commercial (Mid-Atl.) 16.49%16.49%

Commercial (SE FL) 16.06%16.06%

Sports venue (UK) 15.35% sust.15.35% sust.

Golf, preliminary 9.27%9.27%

Figure 14.1 — Dots mark certified (or stamped-preliminary) sustained reductions; the UK venue band spans sustained (15.35%) to peak-cycle (29.86%)
performance; the top band is the recorded range across all AquaFlow installations.
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M E A S U R E D  S I M P L E  PAY B A C K  BY  FA C I L I T Y  ( M O N T H S )

0

3

6

9

12

1.921.92

Car wash
(SW U.S.)

3.523.52

Sports venue
(UK)

3.63.6

Golf
(preliminary)

5.955.95

Commercial
(Mid-Atl.)

7.27.2

Multifamily
(S. FL)

9.69.6

Commercial
(SE FL)

12 months12 months

Official reconciliation Preliminary

Figure 14.2 — Every measured payback in the portfolio falls inside ten months — consistent with the portfolio-wide record that more than 90% of AquaFlow
customers recover their investment within the first year.

A N N UA L I Z E D  G A L L O N S  S AV E D  —  W H E R E  S TAT E D  I N  T H E  I S S U E D  R E P O R T

0

3M

6M

9M

12M 11.3M11.3M

Sports venue (UK)

2.3M2.3M

Car wash (SW U.S.)

1.7M1.7M

Multifamily (S. FL)

Figure 14.3 — Annualized volume savings for the three reports that state an annual gallon figure on their face. (The golf reconciliation reports 5,438,736
gallons over its 91-day preliminary window and is excluded here to avoid mixing measured-period and annualized bases.)

Observed Case vs. Conservative Case

Every official AquaFlow reconciliation models a parallel conservative scenario at 70% of observed savings. The UK venue report

illustrates the spread a decision-maker is given:
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U K  S P O R T S  V E N U E  —  O B S E R V E D  V S .  C O N S E R VAT I V E  C A S E  ( A N N UA L I Z E D )

0

50k

100k

150k

200k

250k

193k193k

135k135k

Annual bill savings (£)

136k136k

78k78k

Year-1 net of capital (£)

Observed (day-normalized) Conservative (70% of observed)

Figure 14.4 — Even underwritten at 70% of measured performance, the project clears its £56,460.16 investment in 5.03 months and nets £78,344.76 in year
one. The conservative case is not a disclaimer; it is a second, fully computed scenario.

Featured Case Study — Major International Sports Venue, United Kingdom

The most heavily instrumented reconciliation in the portfolio: an 8-inch and a 6-inch AquaFlow valve installed August 8, 2024 at
a year-round international sports and events venue. Eleven baseline cycles (335 days) were analyzed against three clean post-

install cycles (91 days), with the August 2024 transition cycle excluded per IPMVP.

15.35%
S U S TA I N E D  R E D U C T I O N

( 9 1  D AY S )

29.86%
P E A K  C YC L E  ( N O V  2 0 2 4 )

11.30M
G A L L O N S  S AV E D  /  Y E A R

3.52 mo
S I M P L E  PAY B A C K

METRIC OBSERVED (DAY-NORMALIZED) CONSERVATIVE (70% OF OBSERVED)

Baseline consumption rate 201,680.94 gal/day —

Post-install consumption rate 170,713.87 gal/day —

Period gallons saved (91 days) 2,818,004 —

Annualized bill savings £192,578.45 £134,804.92

Investment £56,460.16 £56,460.16

Simple payback 3.52 months 5.03 months

5-year NPV at 10% discount £742,854.27 —

5-year net cumulative savings (5% escalation) £1,007,657.34 £688,422.14
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The report’s dual-method analysis is instructive. Day-normalized reduction was 15.35%; per event-day efficiency improved

roughly 19%, and per spectator-day roughly 49%, because the post-install window carried a busier event calendar than the
baseline average. The report uses the most conservative figure — 15.35% — for every financial calculation, and discloses that

operational drivers were estimated from public fixture records pending customer attendance data. Conservatism and disclosure,

in the same document.

Case Study — Operational Normalization at a Car Wash

An express car wash in the Southwest U.S. illustrates Option B-consistent verification with a measured operational driver. With a
14-cycle baseline and car-count data aligned to read dates, the reconciliation separated total reduction from per-car efficiency:

METRIC BASELINE POST-INSTALL CHANGE

Whole-facility measured reduction — 32.1%

Water intensity per car 37.67 gal/car 31.39 gal/car (Nov 2025) −16.7%

Annualized savings 2,277,000 gal · $24,942.63 —

Capital cost $3,995.00 · payback 1.92 months 629.3% five-year IRR

The two percentages answer different questions, exactly as Section 11 prescribes: the facility used 32.1% less water in total (a

result that includes wash-volume effects), while each car was washed with 16.7% less water (pure efficiency, volume held out).

Publishing both, with the driver data, is what makes the larger number defensible.

Why Results Vary — and Why That Is Evidence of Honesty

Recorded AquaFlow reductions span 9% to 47%. The spread is physics, not inconsistency. Measured performance scales with:
fixture and demand profile (high-flow, high-frequency facilities such as car washes and laundries sit at the top of the range);

supply pressure conditions (properties with greater excess pressure and entrained-air exposure have more recoverable waste);

baseline efficiency (a building that already renovated its fixtures has less left to save); operating intensity (continuous-use
venues respond differently than nine-to-five offices); and seasonal mix of the reporting window. A vendor quoting every

prospect the same number is quoting marketing, not measurement. AquaFlow quotes the range, certifies the property-specific

result after installation, and lets the method — not the brochure — decide the number.

W H AT  T H E  P O R T F O L I O  S H O W S

Across issued reconciliations: measured reductions of 9.27% to 32.1% (portfolio-wide recorded range 9–47%), paybacks

of 1.92 to 9.6 months, and five-year return metrics from 127% to 737%. Five reports issued as official, one as

preliminary, one as interim — each stamped on its face. Every figure traces to a report a third party can audit, and more
than 90% of AquaFlow customers recover their investment within the first year.[11]
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The exhibits below are reproduced from AquaFlow M&V Reconciliation Reports issued to customers, with

names, addresses, meters, and account identifiers redacted.[11] Each caption states what the page demonstrates

about the methodology described in this paper.

S E C T I O N  1 5

Inside an AquaFlow M&V Report
Pages from issued, redacted reconciliations — not descriptions of reports, the reports themselves.

15
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Exhibit 15.1 — Report cover. The methodology is declared on page one: IPMVP option, baseline cycle count, post-install cycle
count, normalization basis, and report date. Headline figures are stated with their evidence basis, not as slogans.
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Exhibit 15.2 — Executive summary. Sustained reduction, peak cycle, annualized volume, and payback presented with the
observed and conservative (70%) cases side by side — the CFO’s first page (Section 17).
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Exhibit 15.3 — Methodology page. Protocol, data source, conversion constants, normalization method, transition-cycle
treatment, and validation method — declared before any result is shown, as the IPMVP requires.[1]
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Exhibit 15.4 — Baseline table and excluded transition cycle. Eleven consecutive cycles with dates, days, gallons, and charges;
the GPD derivation printed beneath; and the installation cycle in its own table, labeled EXCLUDED with the IPMVP transition
rule cited.
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Exhibit 15.5 — Post-install data and day-normalized analysis. Three clean cycles, the expected-vs-actual computation per
cycle, and the period reconciliation — the arithmetic of Sections 11 and 13, on a real property.
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Exhibit 15.6 — Financial reconciliation. Investment basis, payback, ROI, and multi-year projection at stated escalation — every
financial output tied to the measured gallons upstream of it.
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Exhibit 15.7 — Data integrity certification and disclosures. The falsifiable checklist (read-to-read methodology, no estimated
reads, transition exclusion, uniform tariffs) followed by the disclosure table listing the report’s own limitations.
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Exhibit 15.8 — A second property, same structure. A different facility, utility, and scale — identical report architecture. Uniform
process is what makes results comparable across the portfolio (Section 11).
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Exhibit 15.9 — Savings calculation, gallons and currency. Volumetric savings first, financial savings second — with the “Savings
Math (Verifiable)” box printing the effective-rate derivation line by line, exactly as Section 17’s recomputation checklist expects
to find it.
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Exhibit 15.10 — A PRELIMINARY issuance, stamped as such. A 91-day preliminary reconciliation (golf facility) with the
evidence basis and limitations declared on the cover band — the discipline of Section 13, visible in the wild.
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Exhibit 15.11 — A third property class (multifamily). 17 billing periods analyzed, 19.7% sustained reduction, methodology
stated on the cover — the same protocol spanning stadium, golf, car wash, commercial, and residential assets.
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R E A D I N G  T H E  E X H I B I T S

Black bars are redactions of customer-identifying information only — names, addresses, account and meter numbers. No

performance figure, date range, day count, or calculation has been altered. Complete redacted sample reports are

available to qualified prospects on request.
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An M&V report earns its keep the day someone hostile reads it. AquaFlow reconciliations are engineered for
that day. This section enumerates — exhaustively — the properties a reviewer can test, and then maps the

reviewers themselves.

The Fifteen Testable Properties

✓ Customer-provided source documents. Every input is a record the customer already possesses — utility invoices, meter reads,

installation records, operational logs. There is no AquaFlow-only dataset to take on faith.

✓ Utility meter read dates. All quantities attributed to read-to-read service windows; invoice issue dates appear nowhere in any
calculation.

✓ Full baseline used as found. The complete consecutive pre-install dataset, with every cycle’s dates and day counts printed — shortfalls

below twelve cycles disclosed on the report face.

✓ No cherry-picking. Because the full series is printed, any selective omission would be visible on inspection. The methodology makes the

cardinal sin detectable, which is what deters it.

✓ Installation month excluded. The transition cycle appears in its own labeled table with the exclusion rule cited — an exclusion shown,

not buried (Section 12; Exhibit 15.4).

✓ Clean post-install cycles only. Complete, consecutive, non-overlapping cycles; a minimum of three before any official certification

(Section 13).

✓ Day normalization. Gallons per day computed identically for every period, neutralizing 28-to-35-day cycle-length variation.

✓ Operational normalization where available. Gallons per unit computed only where driver data aligns with read-date windows exactly;
misalignment is excluded and disclosed, never stretched.

✓ Variable charges only. Savings valued on volumetric water and sewer charges at the invoice-derived effective rate.

✓ Fixed fees excluded. Service fees, stormwater, and meter charges — which cannot respond to consumption — are kept out of savings

math and identified in the tariff table.

✓ Conservative case included. A parallel scenario at 70% of observed savings, independently computed through payback and multi-year

projections.

✓ Assumptions disclosed. Escalation rates, conversion constants, currency conventions, and operational-driver sources stated explicitly
with their basis.

✓ Limitations disclosed. A mandatory table listing missing data, estimated-read events, rate changes, anomalies, and any factor that could

weaken the result — including those unfavorable to AquaFlow.

✓ Formulas printed. Baseline GPD, expected gallons, savings, effective rate, annualization, payback, ROI, IRR, and NPV shown as

arithmetic, not described as conclusions.

✓ Results independently recomputable. The report contains everything required to reproduce it without contacting AquaFlow — the

recomputation path is specified in Section 17.

S E C T I O N  1 6

What Makes an AquaFlow M&V Report Defensible
Written for the attorney, the auditor, and the professional engineer — the readers whose job is to find the
weakness.

16
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IPMVP
CORE CONCEPTS ·  EVO

ASHRAE
GUIDELINE 14

FEMP
M&V GUIDELINES 4.0

/ 5.0

U.S. DOE
ESPC PROGRAM ·

NEMVP

ISO
50015 / 50001

CMVP
EVO & AEE

CREDENTIAL

Frameworks, programs, and credentials AquaFlow’s methodology aligns to (Appendix B). References do not imply endorsement by any standards body.

Who Reviews, and How

REVIEWER TYPICAL REVIEW PATH

Professional Engineers (P.E.) Re-derive baseline GPD, expected gallons, and savings from the data tables; check normalization and

exclusion logic against IPMVP.[1]

Auditors (internal / external) Trace report figures to source invoices; test the effective-rate derivation; confirm financial outputs

recompute from measured savings.[12]

Utility consultants Validate tariff application against the published rate schedule; confirm read-date alignment and

estimated-read handling.

Attorneys Assess the report against its stated protocol; depose the method, not the adjectives — every claim
has a number and a source behind it.

Insurance carriers / lenders Underwrite against the conservative case and the disclosure section; confirm savings persistence via
reissued reconciliations on extended data.

Courts / independent engineers Appoint any qualified third party; the report is reproducible from customer-held documents under a
published protocol — the standard expert-evidence posture.

The Certification Layer

Each official reconciliation closes with a data-integrity certification enumerating the specific disciplines applied (Exhibit 15.7),
followed by the disclosure table. The certification is falsifiable on purpose: each line is a claim a reviewer can check, and finding

any line false would discredit the report. That is exactly what makes the lines credible. Defensibility is not an adjective AquaFlow

applies to itself — it is a set of tests the document is built to pass.

R E I S S U A N C E  P O L I C Y

M&V does not end at the first official report. As post-install data accumulates, reconciliations are reissued on the

extended dataset; savings persistence is demonstrated, not presumed.
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How a CFO Should Read an AquaFlow M&V Report

The financial reader’s path runs from performance to underwriting in nine stops:

1. Start with the verified reduction percentage — the day-normalized, sustained figure (not the peak cycle). This is the performance fact
everything else is built on.

2. Review annual gallons saved — the annualized volume, and the formula that produced it: (period savings ÷ period days) × 365.

3. Review the effective variable rate — derived from your own invoices; this is the true marginal cost of a gallon at your property, usually

well above the visible “water rate” once sewer is included.

4. Review annualized savings in dollars — gallons × effective rate; confirm fixed fees are excluded so the figure responds only to

consumption.

5. Review the payback period — investment ÷ savings rate, in months; check it against the portfolio context in Section 14.

6. Review the conservative case — the 70%-of-observed scenario. Underwrite against this number; treat the observed case as upside.

7. Review the data disclosures — the report lists its own limitations; weigh them before your auditor does.

8. Review the assumptions — escalation rate (5% standard), discount rates on the NPV table (5/8/10/15%), currency and conversion

conventions.

9. Assess NOI and portfolio impact — verified utility savings are recurring operating-expense reductions that flow directly to net operating

income. Illustration: $28,469 of recurring annual savings (the multifamily reconciliation, Section 14) capitalized at an assumed 6% rate

supports $474,483.33 of asset value. Results vary by property; the method does not — a verified pilot plus per-site M&V is the scaling

model.

How an Engineer Should Review an AquaFlow M&V Report

1. Confirm read-date alignment — every cycle shows service start/end dates; day counts sum correctly; no invoice dates in calculations.

2. Confirm baseline integrity — consecutive cycles, used in full; length versus the twelve-cycle target; season coverage; no estimated

reads in the series.

3. Confirm transition-cycle exclusion — the installation date falls inside the excluded cycle; the cycle appears in neither baseline nor post-

install math.

4. Confirm post-install cleanliness — three or more complete, consecutive, non-overlapping cycles; PRELIMINARY stamp if fewer.

5. Confirm the normalization method — GPD computed uniformly; season-matching applied where the baseline permits.

6. Confirm operational drivers where used — driver data covers the identical read-date windows; per-unit metrics derived from stated

counts.

7. Confirm the formulas — recompute baseline GPD, expected gallons, savings, and percentages from the printed tables; they must

reproduce to the stated precision.

8. Confirm exclusions — fixed fees out of savings math; estimated reads out of the series; anomalies investigated in the disclosure table.

S E C T I O N  1 7

How to Read the Report: CFO, Engineer, Auditor
Three professional reading paths through the same document — with checklists.

17
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9. Confirm limitations — the disclosure section is present, specific, and consistent with what the data tables show.

Can an Outside Auditor Recreate This Result? Yes.

That single word is the design requirement behind every AquaFlow report. An independent reviewer can verify the source bills,

meter reads, baseline, read dates, day counts, normalization, rates, calculations, and final results — in that order, without

AquaFlow’s participation. The workflow:

1 · Gather sources Customer’s utility bills, meter reads, and installation record — nothing else is

needed.

2 · Verify the periods Read dates, day counts, baseline completeness, transition-cycle exclusion, post-
install cleanliness.

3 · Rebuild the analysis Baseline GPD, expected gallons, actual gallons, savings — from the printed
formulas.

4 · Reprice and confirm Effective rate from invoice line items; dollar savings; annualization; payback, ROI,

IRR, NPV.

5 · Match or flag Every figure reproduces to stated precision — or AquaFlow corrects and

reissues. The report is transparent and reproducible.

Figure 17.1 — The auditor workflow. The detailed step-by-step recomputation table follows.

An AquaFlow reconciliation is designed to be reproduced, to the penny, from documents the customer holds. The complete
recomputation path:
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STEP RECOMPUTE FROM

1 Cycle day counts Service start/end dates on each utility bill — verify each table row’s day count.

2 Baseline gallons and GPD Sum baseline-cycle gallons; divide by summed days. Match the report’s printed

derivation.

3 Transition exclusion Installation record date versus cycle windows — confirm the overlapping cycle is
excluded everywhere.

4 Post-install gallons and GPD Sum post-install cycles; divide by days.

5 Expected gallons Baseline GPD × post-install days.

6 Savings (gallons, %) Expected − actual; divide by expected.

7 Effective rate (Variable water + sewer charges) ÷ gallons, per period, from invoice line items.

8 Dollar savings Gallons saved × effective rate; cross-check against expected-bill minus actual-bill.

9 Annualization (Period savings ÷ period days) × 365.

10 Payback / ROI / IRR / NPV Stated investment and savings stream at the report’s stated escalation and
discount rates — standard financial arithmetic, no proprietary model.

If any step fails to reproduce the report’s figure, the report is wrong and AquaFlow will correct and reissue it. That commitment is only possible because the

method contains no step a third party cannot perform.
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Every vendor says its product works. The question is what they ask you to do with that claim.

AquaFlow does not ask customers to believe a brochure. A brochure states a range — 9% to 47% recorded, typically near 20%

— and the range is honest precisely because it is wide. Your building’s number is not in the brochure. It is in your meter.

AquaFlow does not ask customers to believe a salesperson. Nothing a salesperson says enters the reconciliation. The analysis
consumes utility records, installation dates, and — where you provide it — operational data. Enthusiasm is not an input.

AquaFlow does not ask customers to believe a single utility bill. Not even a favorable one. A flattering first bill is usually the

contaminated transition cycle or one month’s noise, and certifying it would be the same malpractice as condemning an

unflattering one (Sections 12–13).

AquaFlow asks customers for exactly one thing: their own utility records — so the result can be measured against a full
baseline, reconciled under a published protocol, documented with printed formulas, and handed to any professional engineer,

auditor, utility consultant, or attorney the customer chooses for independent review.

T H E  A S Y M M E T R Y  T H AT  M A K E S  T H I S  W O R K

A vendor claim costs nothing to make and nothing to retract. An M&V reconciliation is expensive the other way: every

figure in it is checkable, every exclusion visible, every limitation disclosed — so issuing one is a commitment, not a

pitch. AquaFlow’s free-trial model only functions because the company is willing to be graded, on every installation, by
the customer’s own data under rules the customer’s own experts can verify.[1][11]

S E C T I O N  1 8

Why AquaFlow Does Not Ask Customers to Believe
Us
The shortest section in this paper, and the one that explains all the others.

18
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Every objection below is reasonable on its face — and each has a precise technical answer. These are the

conversations AquaFlow’s M&V methodology was built to resolve with data instead of debate.

“My bill went up.”

A bill is price × quantity plus fixed charges. Section 8, Example 1 shows a property whose bill rose 5.6% in the same month its

consumption fell 12% under a 20% rate increase — with the equipment avoiding $2,016.00 that month. The reconciliation
answers three questions separately: What did consumption do (gallons, day-normalized)? What did rates do (effective $/gallon

by period, from your invoices)? What did fixed charges do? If your bill went up, one of the last two moved — and the report will

show you which, with the avoided-cost calculation that reveals what the bill would have been.

“I don’t see savings.”

Savings are a counterfactual — the gap between expected and actual consumption — and counterfactuals are invisible on a
single bill, especially when seasonality is moving consumption upward anyway. A property entering irrigation season can save

20% against expectation while its raw bill climbs. The day-normalized, season-matched analysis in Section 11 exists precisely to

make the invisible gap visible and exact. Also check timing: if you are within the first post-install cycle, you are looking at
stabilization-period data the protocol itself says not to judge on (Section 13).

“The city increased rates.”

Correct — and the methodology is built so that this fact cannot contaminate the performance result. The effective rate is

derived per period from your own invoices and applied identically to expected and actual volumes, so a rate change cancels out

of the savings determination. The rate change is then reported separately, where it belongs. Note the corollary in Section 9:
every rate increase raises the dollar value of the gallons the equipment saves.

“I only have one bill.”

Then no honest answer exists yet — from anyone. One post-install bill is typically the contaminated transition cycle (Section 12),

and even a clean single cycle cannot be distinguished from ordinary monthly noise (Section 13: the stadium case read −2.15% in

its first clean cycle and certified 15.35% over three). AquaFlow will not certify on one bill, and a vendor who will is asking you to
mistake noise for signal. The protocol’s answer: wait for three clean cycles; if a checkpoint is needed sooner, take a

PRELIMINARY read, labeled as such.

“The valve isn’t working.”

A checkable claim — so check it, in order: (1) Is the current cycle the transition cycle? Excluded by rule. (2) Are we within the

stabilization window? First-cycle variance is expected and documented (Section 13). (3) Does day-normalized GPD show

reduction against the season-matched baseline? If yes, the valve is working and something else — rates, fees, occupancy — is
moving your bill. (4) If GPD genuinely shows no reduction across multiple clean cycles, the reconciliation will say so — the same

S E C T I O N  1 9

Common Misconceptions, Addressed 19
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methodology that proves savings is equally capable of disproving them, which is exactly why it is believable when it proves

them.

“We had occupancy changes.”

That is what operational normalization is for (Sections 4, 11). With aligned occupancy data, the analysis reports gallons per
occupied unit or room-night, separating efficiency from volume. The stadium case is the demonstration: its post-install window

was busier than baseline, so per-event efficiency (≈19%) exceeded the total reduction (15.35%) — and the report used the

smaller figure for financials and disclosed both. Occupancy changes are an input to the analysis, not a refutation of it.

“We had weather changes.”

Weather is the largest single driver of seasonal water variation — which is why the baseline targets a full annual cycle and why
comparisons are season-matched year-over-year wherever possible (October-after against October-before, not against July). A

drought summer or wet spring shifts both the expected and actual sides of the equation in parallel; what remains is

performance. Where a weather anomaly is material and unmatched, it goes in the disclosure section — visibly, with its
estimated direction of effect.

“Percentage savings should be the same every month.”

No measured system behaves that way. Monthly percentages ride on stabilization (early cycles), seasonal mix (irrigation months

amplify or mute the base), and event calendars. The certified number is the day-weighted result across the full reporting period

— in the stadium case, −2.15%, +18.26%, and +29.86% by cycle, certifying at 15.35%. Judging any single month against the
certified figure misreads how the figure is constructed.

“This is the vendor grading its own homework.”

The grading rubric is public and the answer key is in your filing cabinet. AquaFlow’s reports follow a published third-party

protocol (IPMVP), use only customer-held source documents, show every formula, and certify falsifiable claims line by line

(Section 16). Any P.E., CMVP, auditor, or opposing expert can re-grade the homework without AquaFlow’s cooperation — and

the report is built so they reach the same number. That is as far from self-grading as measurement gets.
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Fifty-four questions, grouped by theme. Where a question deserves a full chapter, the answer points to it.

M & V  F U N D A M E N T A L S

01 What is Measurement & Verification in one sentence?

The planned, protocol-governed use of measured data to determine the savings an efficiency project produced — by comparing
actual consumption against a defensible estimate of what consumption would have been without the project.

02 Why can’t savings just be measured directly?

Because savings are the absence of consumption. Meters record what flowed, not what didn’t. Savings must be computed as
expected-minus-actual, which is why the baseline and its adjustments matter so much.

03 What is the IPMVP?

The International Performance Measurement and Verification Protocol — the global framework for savings determination,
maintained by the non-profit Efficiency Valuation Organization (EVO) and used in performance contracting, utility programs, and
ESG assurance in over forty countries. See Section 6.

04 Does the IPMVP apply to water, or just energy?

Both, explicitly, since 1997 — the protocol’s full title is “Concepts and Options for Determining Energy and Water Savings.”

05 What are IPMVP Options A, B, C, and D?

Four verification pathways: A (retrofit isolation, key parameter measured, rest stipulated), B (retrofit isolation, all parameters
measured), C (whole-facility analysis at the utility meter), D (calibrated simulation). See Section 7.

06 Which option does AquaFlow use?

Option C — whole-facility, utility-bill-based analysis — as the primary method, supplemented by Option B-consistent per-unit
analysis where aligned operational data exists (e.g., car counts). The option is stated on each report’s cover.

07 What is a CMVP?

A Certified Measurement & Verification Professional — a practitioner credential in IPMVP application administered by EVO with
the Association of Energy Engineers.

08 Is AquaFlow’s methodology proprietary?

No — deliberately. Proprietary savings math cannot be independently verified. Every formula in an AquaFlow reconciliation is
printed in the report and traceable to IPMVP concepts.

S E C T I O N  2 0

Frequently Asked Questions 20
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09 What does “measurement boundary” mean?

The line around the systems whose consumption the analysis covers. AquaFlow’s standard boundary is the whole facility at the
utility revenue meter — the broadest, most audit-friendly boundary available.

10 What is an M&V plan?

The advance declaration of method: which option, what boundary, what baseline, what adjustments. Declaring method before
results is the IPMVP’s core safeguard against choosing the math after seeing the answer.

B A S E L I N E S  &  D A T A

11 How long is the baseline?

Target: twelve or more billing cycles — a full seasonal year. The complete available pre-install dataset is used; if fewer than twelve
cycles exist, the limitation is disclosed on the report’s face. See Sections 3 and 8.

12 What if my property has less than a year of history?

The reconciliation proceeds on the full available dataset, season-matches wherever possible, and carries an explicit limitation
disclosure. It may also be designated preliminary until a season-representative comparison exists.

13 Can flattering baseline months be selected?

Not under this methodology. The baseline is the complete consecutive pre-install dataset as found. Cherry-picking is detectable

precisely because every cycle, with dates and day counts, must be printed in the report.

14 Why read dates instead of invoice dates?

Invoices are issued days or weeks after the meter-read window they cover. Calculating on invoice dates shifts consumption into
the wrong month and corrupts every comparison. All AquaFlow analysis is read-to-read.

15 What about estimated meter reads?

Estimated reads are flagged and excluded from calculations; the analysis uses actual-read cycles. Estimated reads true-up later
and would otherwise smear consumption across the wrong periods.

16 What data does AquaFlow need from me?

Utility bills (or utility-portal access) covering twelve-plus months before installation and all months after, plus operational data if
you want per-unit analysis: car counts, occupancy, turns, production — matched to read-date windows.

17 What if a bill is missing?

The process pauses and the data is requested from you or the utility. AquaFlow’s protocol prohibits guessing: no estimated
gallons, no assumed dates. See the callout in Section 11.
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18 What if my meter was changed or resized during the analysis window?

A meter change is a data-series break. It is documented, the affected cycles are reviewed for continuity, and the treatment
(exclusion or adjustment) is disclosed in the report.

19 My utility bills in cubic meters / CCF. Does that matter?

No — units convert exactly (1 CCF = 748 gallons; 1 m³ = 264.172 gallons), and percentage reductions are unit-independent.
Reports state the conversion used.

20 Who owns the data in the reconciliation?

You do — it is your billing and operational data. That is also what makes the report independently auditable: every input is already

in your possession.

I N S T A L L A T I O N  &  T H E  R E P O R T I N G  P E R I O D

21 Why is the installation month thrown out?

It blends pre-valve and post-valve operation in one number and includes commissioning disturbances; it proves nothing in either
direction. It is excluded by rule and shown separately. Section 12 quantifies the distortion.

22 Why three clean months minimum?

Hydraulic stabilization plus statistics. First cycles are routinely unrepresentative (a verified case read −2.15% in cycle one and

certified 15.35% over three), and one month cannot be separated from normal billing noise. Section 13.

23 What does a PRELIMINARY stamp mean?

The analysis was issued before the minimum evidence standard (three clean post-install cycles) was met — typically for a
checkpoint — and says so on its face. It is superseded by the official reconciliation when the data exists.

24 When will I see my first official reconciliation?

After three clean post-install billing cycles close — in practice, roughly four to five months after installation, allowing for the
excluded transition cycle and utility billing lag.

25 Why did my first post-install month look flat?

Expected behavior: pressure dynamics rebalance and the building re-equilibrates during the stabilization window. Judge the 90-
day reconciliation, not the first cycle. Section 13.

26 Do savings persist after the first reconciliation?

Persistence is demonstrated, not presumed: reconciliations are reissued on extended datasets as cycles accumulate, and reports
recommend continued monitoring on their face.
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27 Does the analysis stop if my operations change after install?

No — permanent changes are handled as non-routine adjustments or via operational normalization, computed openly and
disclosed. Section 4.

28 What if performance genuinely isn’t there?

The reconciliation will say so — the method is symmetric. A protocol capable only of finding savings would be worthless; this one
is believable because it can return a negative answer.

B I L L S ,  R A T E S  &  F I N A N C I A L S

29 Why does the analysis run on gallons instead of dollars?

Equipment controls consumption; utilities control price. Gallons isolate performance; dollars are then computed at a documented
effective rate. Section 9 is the full argument.

30 What is the “effective rate”?

(Variable water + sewer charges) ÷ gallons, per billing period, derived from your invoices. It is the true marginal cost of a gallon at
your property.

31 Why are fixed fees excluded from savings math?

They do not change when consumption changes. Including them would misstate the value of saved gallons and import non-

performance noise into the result.

32 Why does saving water also save on sewer?

Most utilities bill sewer on metered water inflow — often at a higher rate than water itself. Each avoided gallon typically avoids
both charges, which is why effective rates surprise people.

33 How are annual savings calculated from a 91-day period?

(Period savings ÷ period days) × 365. Monthly figures are annual ÷ 12. The formula is printed in every report.

34 What financial metrics does the report include?

Simple payback (months), annual ROI, 3- and 5-year projections at 5% utility escalation, IRR at 3/5/10 years, and NPV at 5%, 8%,
10%, and 15% discount rates — all computed from measured savings.

35 Is 5% escalation realistic?

It is conservative against recent history in many markets — one issued report notes regional water tariffs escalating 8–11% in

2024–26 and discloses that its conservative case “may be understated.”

36 What is the “conservative case”?

A parallel scenario computed at 70% of observed savings, included in every report so a CFO can underwrite the downside, not just
the headline.
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37 If rates rise, do my savings rise?

The dollar value of your measured gallon savings rises with every rate increase — conservation is a hedge whose payout grows
with the tariff (Figure 9.1). The gallons themselves are rate-independent.

38 Typical payback?

Across the issued reconciliations in Section 14: 1.92 to 9.6 months. Portfolio-wide, more than 90% of AquaFlow customers recover
their investment within the first year.

R E S U L T S  &  I N D E P E N D E N T  R E V I E W

39 What reduction should I expect?

Recorded AquaFlow results span 9% to 47%, typically around 20%, driven by fixture profile, pressure conditions, baseline
efficiency, and operating intensity. Your number is determined by measurement after installation, not by a brochure before it.
Section 14.

40 Why do results vary so much between properties?

Physics: recoverable waste differs by facility. High-flow, high-frequency facilities (car washes, laundries) sit at the top of the range;
recently renovated buildings have less left to save. Uniform promises are a red flag, not a feature.

41 Can my engineer review the report?

Yes — it is designed for that. Every reconciliation contains the data tables, dates, day counts, formulas, and tariff derivations
needed for independent recomputation without AquaFlow’s involvement.

42 Will the report survive an audit or litigation?

It is built to: published protocol, customer-held source documents, printed formulas, falsifiable certifications, and complete

disclosures — the standard expert-evidence posture. Section 16.

43 Has AquaFlow ever published a weak interim number?

Yes, deliberately — reports carrying PRELIMINARY and interim stamps appear in Section 14’s portfolio table, including a 9.27%
preliminary golf result. Publishing the discipline is part of the credibility.

44 Can results from one property be applied to my portfolio?

Directionally, yes; contractually, no. Each property receives its own baseline and its own reconciliation. Portfolio owners typically
pilot one property, verify, then scale with per-site M&V.

45 Do AquaFlow reports support ESG / sustainability reporting?

Yes — measured, protocol-based water savings with full audit trails are exactly what assurance providers require; issued reports
state their suitability for board review, underwriting, and ESG disclosure.
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46 What does “peak reduction” mean next to “sustained reduction”?

Sustained is the day-weighted result across the full reporting period (the certified figure); peak is the single best cycle. Reports
headline the sustained figure and show the peak for context — never the reverse.

P R O C E S S  &  P R A C T I C A L I T I E S

47 How does M&V fit into the AquaFlow Free Trial?

The trial is an M&V exercise: baseline assembled before installation, transition cycle excluded, post-install cycles accumulated, and
the decision made on the reconciliation — measured data, not impressions.

48 Does the M&V process interrupt my operations?

No. Option C analysis runs entirely on utility billing data; there is no additional metering to install or maintain for the primary
method.

49 What operational data should I start collecting now?

Whatever your business already counts — cars washed, occupied rooms, laundry turns, occupied units, production volume —
logged so it can be matched to billing read-date windows. It enables the per-unit efficiency analysis.

50 Who prepares the reconciliation?

AquaFlow Engineering Services’ M&V practice, applying the uniform process in Section 11, with engineering review before

issuance and the certification and disclosure sections in every official report.

51 Can my utility’s conservation program use these reports?

The reports are IPMVP-aligned and read-date based — the same conventions utility evaluation frameworks reference — making
them suitable supporting documentation for rebate and incentive programs, subject to each program’s rules.

52 What happens at contract or trial end?

The official reconciliation is issued and walked through line by line. Because it is reproducible from your own documents, the end-
of-trial conversation is about a number both sides can verify, not a negotiation about impressions.

53 Is there anything M&V cannot tell me?

It determines what changed and by how much, at the declared boundary — not every internal mechanism of why. Where
attribution beyond the boundary matters, submetering (Option B) narrows it. The report always states its boundary.

54 What single page should a skeptic read first?

The disclosure and certification section of any issued reconciliation — the list of everything that could weaken the result, printed
inside the result. Skeptics tend to come back from that page asking better questions.
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In water conservation, trust is not created by promises. Trust is created by measurement. And after fifty years of
performance contracting, the institutions that move the most money have reduced the choice to its essentials: a
savings number is either measured against a baseline under published rules, or it is a guess. There is no third
category.

Why M&V Matters

Water bills mix price with quantity, season with performance, and fees with consumption. Without a protocol, every party reads

the same bill and sees a different story — the owner sees a rate increase, the vendor sees a saving, the auditor sees nothing

usable. The IPMVP framework exists because the institutions that finance efficiency — federal agencies, lenders, utilities, courts
— concluded that only baseline-adjusted, normalized, read-date-disciplined comparison produces a number all parties can

stand on.[1][4][9][10] That conclusion was expensive to reach. Adopting it is free.

Why AquaFlow Performs M&V on Every Installation

Because AquaFlow’s business depends on its results being believed by professionals whose job is disbelief. A valve that performs
deserves a report that proves it: full baselines used as found, transition cycles excluded in the open, three-cycle minimum

reporting periods, dual-method normalization, financials confined to variable charges, a 70% conservative case, and a disclosure

section that lists the weaknesses before a reviewer finds them. The verified portfolio in Section 14 — reductions of 9% to 47%,
typically near 20%; paybacks of 1.92 to 9.6 months; more than 90% of customers recovering their investment within the first

year — is credible precisely because the methodology behind each number invites recomputation.

Why Measured Results Beat Assumptions

Assumed savings are negotiable forever; measured savings are negotiable never. A CFO can underwrite against a reconciliation’s

conservative case. An attorney can defend a protocol-based determination. An auditor can trace it to invoices. An engineer can
recompute it to the penny. And an owner deciding whether to scale from one property to a portfolio can make that decision on

evidence with a known method and a known error posture — the only kind of evidence that compounds rather than erodes as

scrutiny increases.

S E C T I O N  2 1

Conclusion: Measured, Not Assumed
Why verified data is the only durable basis for trust — and the standard every AquaFlow report must meet
before it ships.

21
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T H E  C L O S I N G  S TA N D A R D

An AquaFlow installation is not considered proven because AquaFlow says it worked. It is considered proven when
the customer’s own meter data, analyzed under a published M&V framework, shows what the facility would have used

without the valve and what it actually used with it. Before any AquaFlow report is delivered, it must be able to pass an

engineering audit, a CFO review, and third-party validation. If it cannot, it is not delivered. That is the entire quality
system in one sentence — and it is why the question this paper opened with, “did it work?”, gets answered at every

AquaFlow property with a number, a method, and an open invitation to check both.

For a complete redacted sample reconciliation, a walkthrough of your property’s baseline, or an M&V plan for a free-trial

installation, contact AquaFlow Engineering Services — Measurement & Verification Practice: 1-800-348-FLOW ·

support@aquaflow.com.
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Adjusted baseline. Baseline consumption restated to

reporting-period conditions (days, season, activity); the

“expected” side of the savings equation.

Annualization. Extrapolating period results to a year: (period

savings ÷ period days) × 365.

ASHRAE Guideline 14. ASHRAE’s guideline on measurement
of energy, demand, and water savings; supplies statistical

criteria (e.g., regression quality, uncertainty thresholds)

compatible with IPMVP.

Baseline period. The pre-installation span whose measured
consumption defines normal facility behavior; AquaFlow

targets twelve-plus billing cycles.

Billing cycle. The utility’s read-to-read window (typically 28–

35 days); the atomic unit of bill-based M&V.

CCF. One hundred cubic feet — a common U.S. water billing
unit equal to 748 gallons.

CMVP. Certified Measurement & Verification Professional;

practitioner credential administered by EVO with AEE.

Coefficient of variation. Standard deviation divided by mean;

used to characterize how noisy baseline consumption is.

Conservative case. AquaFlow’s parallel scenario at 70% of
observed savings, included in every report for downside

underwriting.

Counterfactual. What consumption would have been

without the project; the quantity M&V is designed to

estimate defensibly.

Day normalization. Conversion of period totals to gallons per
day, removing billing-cycle-length bias.

Demand. Rate of use (instantaneous or short-interval), as

distinct from consumption (volume over a period).

Effective rate. (Variable water + sewer charges) ÷ gallons for

a period; the true marginal cost of a gallon at the property.

EPC / ESPC. Energy Performance Contracting / Energy Savings

Performance Contract — pay-from-savings contracting

models whose financing needs created modern M&V.

ESCO. Energy service company; designs, installs, and often

finances efficiency projects repaid from verified savings.

Estimated read. A utility-estimated (not physically read)
meter value; flagged and excluded from AquaFlow

calculations.

EVO. Efficiency Valuation Organization — the non-profit

steward of the IPMVP since 2001–04.

FEMP M&V Guidelines. U.S. DOE Federal Energy
Management Program guidelines (v4.0, 2015; v5.0, 2024)

implementing IPMVP options for federal ESPC projects.

Fixed charges. Bill components independent of consumption

(service fees, meter charges); excluded from savings
valuation.

GPD. Gallons per day — the primary normalized

consumption metric in AquaFlow analysis.

Interactive effects. Project impacts outside the

measurement boundary; Option C’s whole-facility boundary
captures them by construction.

IPMVP. International Performance Measurement and

Verification Protocol; see Section 6.

IRR. Internal rate of return — the discount rate at which a

project’s cash flows net to zero; reported at 3-, 5-, and 10-

year horizons.

M&V plan. The advance declaration of option, boundary,
data, and adjustment method for a project’s verification.

Measurement boundary. The defined perimeter (system or

whole facility) within which savings are determined.

A P P E N D I X  A

Glossary of M&V Terms A
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Non-routine adjustment. A documented baseline correction

for a permanent facility change (added wing, new tenant
class) unrelated to the measure.

Normalization (operational). Restating consumption per unit

of business activity (gallons per car, per occupied room, per

turn) over the identical read-date window.

NPV. Net present value of projected savings minus
investment; AquaFlow reports it at 5%, 8%, 10%, and 15%

discount rates.

Option A / B / C / D. The IPMVP’s four verification pathways;

see Section 7.

Payback (simple). Investment ÷ savings rate, expressed in

months; the first financial metric in every report.

Preliminary report. An AquaFlow analysis issued before
three clean post-install cycles exist, stamped as such on its

face.

Read-date discipline. Attributing all quantities to meter-read

windows, never invoice dates.

Reporting period. The post-installation span over which
savings are determined; AquaFlow minimum, three clean

cycles.

Season matching. Comparing like calendar periods year-over-

year to neutralize seasonal variation.

Stabilization curve. The characteristic ramp of measured
savings across the first post-install cycles; see Section 13.

Stipulated value. A parameter taken from estimate rather
than measurement (permitted in Option A only, with

declaration).

Transition cycle. The billing cycle overlapping installation;

excluded from all calculations and shown separately.

Variable charges. Bill components that scale with
consumption (volumetric water and sewer); the only basis

for savings valuation.
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Source Notes

Verified results (Sections 1, 14, 15). All performance figures, day counts, percentages, and financial outputs are reproduced

as issued in the underlying AquaFlow reconciliations [11]. No figure has been recomputed, restated, or improved for this

paper.

Portfolio range (9–47%, typical ≈20%; >90% first-year recovery). AquaFlow portfolio records across recorded installations.

These are descriptive statistics of past results, not predictions for any property.

Worked examples (Sections 8, 9, 12). Illustrative properties with stated inputs; all arithmetic is exact and reproducible from

the figures shown. They demonstrate method, not market data.

Historical narrative (Sections 2–3). Protocol chronology per EVO published history [1][2]; federal program facts per FEMP

and statute [4][10]; ESCO industry context per LBNL [9].

Market-scale language. This paper deliberately uses the formulation “billions of dollars of energy, water, infrastructure, and

performance-contracting projects worldwide” rather than any specific annual market figure, because annual totals vary by
source and definition. Where a precise figure matters to a reader, we refer them to the LBNL market-study series [9].

Methodology Notes

All AquaFlow analyses are read-to-read; invoice dates are never used in calculations.

Day normalization is universal; operational normalization is applied only where driver data aligns exactly with read-date
windows.

Savings are valued on variable water and sewer charges at invoice-derived effective rates; fixed fees are excluded.

Annualization: (period savings ÷ period days) × 365. Projections: 5% annual utility escalation unless otherwise stated. NPV

reported at 5%, 8%, 10%, and 15% discount rates; IRR at 3-, 5-, and 10-year horizons.

Conservative case: 70% of observed savings, computed in parallel through all financial outputs.

Disclaimer & Limitations
This white paper describes measurement methodology and reports historical, anonymized results. It is not an offer, warranty, guarantee, or
contract term unless expressly incorporated into a written agreement. Savings achieved at any property depend on site conditions, operating
patterns, fixture profile, water pressure, utility rate structure, and baseline efficiency; past results, including those reproduced here, do not
guarantee future or comparable results elsewhere. Financial projections use stated assumptions (escalation, discount rates) that may not match
future utility or capital-market conditions. IPMVP® is a registered mark of the Efficiency Valuation Organization; ASHRAE, DOE/FEMP, NREL, ISO,
IAASB, and AEE materials are the property of their respective stewards; references identify the frameworks AquaFlow’s methodology aligns to and
do not imply endorsement by any standards body. Preliminary and interim reconciliations are issued before the full evidence standard is met and
are superseded by official reports.
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