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Acronyms, Abbreviations, and Definitions
AWWA

American Water Works Association

AMI

Advanced metering infrastructure

AMR

Automatic meter reading

commissioning

The process whereby the measure improvements made to the equipment
and/or the control system have been verified to comply with the approved
plan, and visually inspected and evaluated for proper operation.

ESCO

Energy service company (performance contractor)

IGA

Investment grade audit. The purpose of the IGA is to develop a scope of work
to be implemented by the ESCO, establish guaranteed savings, develop an
agreed-upon plan to measure and verify the guaranteed savings, and ensure
that the agreed-upon project meets statute requirements.

IPMVP

International Performance Measurement and Verification Protocol

measurement
frequency

The number of measurements that will be collected over the measurement
period to determine water use savings.

measurement
period

The timeframe during which the performance metric is monitored

M&V

Measurement and verification

O&M

Operations and maintenance

PRL

Potential recoverable leakage. Potential recoverable real losses are the amount
of potential apparent water losses that can be captured through a leak
detection and repair program.

study period

The total timeframe that water use will be monitored per the contractual
arrangement for the baseline and post-installation periods.

WRF

Water Research Foundation
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1.0

Introduction

This measurement and verification (M&V) best practice provides recommended procedures for energy
service companies (ESCOs) to validate the performance of water metering projects that are executed with
water providers under energy performance contracts. This document covers metering projects such as
advanced metering infrastructure (AMI) and automatic meter reading (AMR) technology. The term
“advanced metering system” is used in this document to represent the type of systems that are
implemented for these types of performance contracts.
This best practice outlines the basic components of the M&V plan, provides potential performance
metrics to consider for metering systems, and describes the procedures to use to verify project
performance.
The procedures presented in this best practice are performance based. This best practice does not
prescribe the types of metering systems that are required to be implemented. The specific advanced
metering system will be determined as a result of the ESCO’s investment grade audit (IGA). (See Section
4.1 for more information.) Instead, this document outlines the steps that an ESCO can take to measure and
verify that a metering system is meeting the performance requirements. Figure 1 provides the basic steps
involved in M&V for advanced metering systems, which are covered in this document.

Set study period
Designate system
boundary

Define
performance metric

•Includes baseline and
post installation

Set measurement
period for each
measured data
category

Agree on value for
each stipulated data
category

Determine baseline
condition

Implement project
and conduct
commissioning

Conduct M&V
during
measurement
period

Develop M&V
report with findings

Figure 1. Primary M&V Steps
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2.0

Measurement and Verification Plan Elements

This section provides the basic structure of the M&V plan. Each subsection describes a critical element of
a comprehensive M&V plan, which should be developed by an ESCO and agreed upon by the water
provider. This section is intended to serve as a template that an ESCO can follow in developing their
M&V plan.

2.1 Project Description and Measurement Boundary
The M&V plan should describe the specific metering system that will be implemented in the performance
contract, identified during the IGA. In addition, the plan should clearly define the measurement boundary
of the project. The measurement boundary defines precisely what will be monitored as part of the
performance contract. For example, the measurement boundary may be the specific geographic regions
where the metering system will be installed or the specific meter accounts (e.g., commercial, residential)
that will be covered by the metering system. The M&V plan should provide a detailed list of all accounts
that will be covered in the metering system.

2.2 M&V Method
The M&V plan should specify the method that will be used to measure and verify the performance metric.
The International Performance Measurement and Verification Protocol (IPMVP) has four options (A, B,
C, and D) that can be used to verify the savings of measures. For water metering systems, the most
appropriate IPMVP option to verify the performance metrics is Option A, “Retrofit Isolation: Key
Parameter Measurement”. The objective of this option is to measure key performance parameters to
determine the system performance. This option also allows for stipulation of other parameters that cannot
be readily measured. The M&V plan should clearly specify the parameters that will be measured and the
measurement methods that will be used. The M&V plan should also detail the parameters that will be
stipulated and the agreed upon stipulated value.

2.3 Project Performance Metrics
The M&V plan should specify the performance metrics that will be measured and verified per the
performance contract. There are three primary options for performance metrics with water metering
projects that are covered in this section: water meter accuracy improvement; water loss reduction; and
operations and maintenance (O&M) cost reduction. 1 This section describes the performance metrics and
the data categories that the ESCO should collect for each option. Information on the methods to determine
the baseline conditions and post-installation conditions can be found in Section 4 of this document.

1

Performance metrics for metering projects are specified in Colorado Energy Performance Contracting Office.
Colorado Statutes Regarding Energy Performance Contracts for Local Government. Title 29 Government – Local:
Energy Conservation Article 12.5 Energy Conservation Measures C.R.S. 29-12.5-101 (2017).
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2.3.1

Water Meter Accuracy Improvement

This performance metric is the increase in meter accuracy as a result of the direct replacement of
inaccurate meters. It is common for water utilities to have an aging meter population with no ongoing
meter testing or replacement program, which causes loss of revenue due to under-registration of
customers’ true usage. Properly installed and specified water meter technology accurately measures the
water flow across the appropriate range of flow rates for a given customer. This results in more accurately
recorded water consumption, thereby reducing lost revenue for the water provider. This M&V best
practice only focuses on the procedures used to measure and verify meter accuracy. Appendix A of this
document provides information on determining revenue increases due to increased meter accuracy. (This
revenue increases should be tied to the increase in meter accuracy and not an increase in the water
provider’s rate that is charged customers.)
Data Categories – The following data categories should be collected by the ESCO for this performance
metric and specified in the M&V plan for each measurement period (see Section 3.5). The M&V plan
should also state which data categories are measured and stipulated. (See Section 4.2.1 for more
information on these data categories.)
• Meter groupings: Meters should be grouped into specific categories such as:
–

Meter account types such as small, intermediate, and large (e.g., residential, commercial,
industrial)

–

Meter sizes (e.g., ¾”, 1”, 1½”, 2”)

–

Meter types (e.g., positive displacement, velocity, electronic)

• Flow rates: Water meters will be tested at low, intermediate, and high flow rates relevant to customer
usage profile, which is required to determine meter accuracy. ESCOs should consider third party
testing of meters by independent and certified meter testing laboratories.
• Flow weighting (also known as percent volume): The proportion of water used within each flow rate
range compared to the total volume should be determined.
• Average weighted meter accuracy: This is the final performance metric, which is the mean meter
accuracy across a sampling of meters for a range flow rates, taking into account the flow volumetric
weighting of each flow rate.
This data is typically collected from the water provider’s electronic billing system via digital extraction.
Digital extraction is the process used to collect a water provider’s billing database through a query such as
a structured query language (SQL). The ESCO should work closely with the water provider’s point of
contact who is familiar with the digital extraction process from the billing software. If the water provider
does not have this capability, the ESCO will need to provide it. The extracted database should be
constructed from a unique meter identification number field, and should typically include identification
fields for meter specifications, customer, service type, consumption, and revenue. Customer accounts and
meter databases are discussed in the American Water Works Association (AWWA) Manual 36 (M36),
Water Audits and Loss Control Programs Chapter 3, Task 2 and Task 3.2

2

American Water Works Association Manual 36. Water Audits and Loss Control Programs. Fourth Edition. 2016.
Denver, CO.
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2.3.2

Water Loss Reduction

This performance metric is the reduction in water losses that are potentially recoverable from the water
provider’s distribution system. These losses are typically reduced through an active leak detection and
repair program identified in the IGA. For example, an AMI system provides real-time data that can be
processed through data analytics to identify potential indications of water leaks, which greatly improve
the water provider’s time for leak awareness, location, and repair. The M&V plan should document the
responsible party for repairing leaks identified via the advanced metering system, which will typically be
the water provider. The M&V plan should also include a reasonable response time for repairing leaks.
The volume of potentially recoverable water loss is determined through a leakage component analysis,
which is detailed in the AWWA M36 and Water Research Foundation (WRF) Project 4372A, Real Loss
Component Analysis: A Tool for Economic Water Loss Control. 3 These reference documents contain
additional information on the data requirements and method for this analysis. See Section 4.2.2 for more
information on a leakage component analysis.

2.3.3

O&M Cost Reduction

This performance metric is the reduction in O&M costs as a result of increased efficiencies provided by
an advanced metering system. Advanced metering systems such as AMI systems commonly have
automatic meter reading capability that reduces the number of manual meter reads and associated vehicle
use. Advanced metering systems can also allow water providers to remotely turn-on or shut-off accounts,
which reduces labor hours and associated vehicle usage, thereby reducing costs. In addition, advanced
metering systems provide easy access to data that reduces the time needed to resolve customer complaints
for being overcharged (referred to as “high-bill” complaints), which reduces administrative costs and the
total amount refunded to the customer.
However, it should be noted that at the onset of the advanced metering system installation, there may be
an increase in labor costs due to “false-positive” readings that indicate false leaks. If the advanced
metering system is not properly commissioned, it may record high water readings that prompt staff to
follow up with customers unnecessarily. These “false-positive” readings can be reduced by fine-tuning
the thresholds so that they are properly set in the system to alert the water provider of leaks. A provision
could be added to the M&V plan that allows for proper commissioning of the system to reduce these
“false-positive” readings.
Data Categories – The following data categories should be collected by the ESCO for this performance
metric and specified in the M&V plan for each measurement period (see Section 3.5). These data
categories are typically stipulated values, provided by the water provider.
• Meter reading cost savings:
–

Number of meter reads

–

Number of meter “re-reads” to reconfirm original meter reads

–

Average cost per manual meter read (not including vehicle savings – see below)

3

Water Research Foundation. Water Audits and Real Loss Component Analysis. Project #4372a. Denver, CO.
http://www.waterrf.org/Pages/Projects.aspx?PID=4372.
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• Vehicle cost savings:
–

Number of vehicles assigned for meter reading

–

Operating hours for each vehicle

–

Average operation cost per hour for each vehicle

• Meter turn-on/shut-off cost savings:
–

Number of account shut-offs

–

Average cost per manual shut-off

• Customer billing resolution for high-bill complaints cost savings:
–

Number of high-bill complaints

–

Average cost per high-bill complaint

–

Funds that are attributed to refunds from customer high-bill complaints

2.4 Study Period
The study period should be clearly specified in the M&V plan, which will cover the total timeframe of the
project, including the baseline, project execution, and post-installation M&V. The study period defines
the timeframe during which the performance metrics will be monitored per the contractual arrangement
for the baseline and post-installation periods, identified in the IGA. The study period should follow the
established M&V requirements of the State Performance Contracting Program. 4
The plan should define the baseline study period. The baseline study period should be determined,
preferably over a 2-year timeframe or at a minimum of 1 year. Using an average of multiple years for the
baseline study period is preferable because it helps to minimize anomalies caused by changes such as
population fluctuations.
The plan should also define the study period for the post-installation water use measurement. For
example, the State of Colorado requires ESCOs to provide a written savings guarantee for the first 3 years
of the contract period. 5 At the agency’s discretion, the performance guarantee can be extended beyond the
legislatively required time period. At the end of each performance year, the ESCO is required to submit
an annual M&V report to demonstrate that the performance has been met.

2.5 Measurement Period
The M&V plan should specify the measurement period, which defines the frequency at which the
performance metrics are measured and verified. For stipulated data, the water provider and ESCO need to
4

See, for example, the State of Colorado’s M&V Guidelines for Energy Savings Performance Contracts. Nexant.
Measurement and Verification (M&V) Guidelines for Energy Saving Performance Contracts in State of Colorado
Facilities. 2008. Boulder, CO. June.
5
Colorado Energy Performance Contracting Office. Colorado Statutes Regarding Energy Performance Contracts
for Local Government. Title 29 Government – Local: Energy Conservation Article 12.5 Energy Conservation
Measures C.R.S. 29-12.5-101. 2017.
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agree upon the values and the appropriate adjustments that may need to be taken to normalize the data
(see Section 4).

3.0

Performance Monitoring Methods

This section describes the procedures that can be considered when measuring and verifying the
performance metrics of advanced metering systems. The methods included in this section are considered
best practices that will help to ensure that the water provider is receiving the guaranteed savings specified
in the contract.

3.1 American Water Works Association Water Audit Method
The AWWA developed a standard water audit method in their manual M36, Water Audits and Loss
Control Programs. 6 This water audit method provides a best practice approach to calculate a water
provider’s water distribution system efficiency. This method can be used by an ESCO to determine the
baseline water loss condition for a water metering performance contract and an estimate of the savings
that may result from a new metering system. This section provides a brief overview of this method.
AWWA M36 provides a “top-down” water audit approach that produces a water balance. A water balance
accounts for all of the water that moves through the provider’s system, quantifying water consumption
and losses. A water balance determines authorized consumption through billing data and records,
including estimation of authorized unmetered consumption. A water balance also determines water losses
categorized as apparent losses (e.g., billing data errors and meter inaccuracies) and real losses (e.g.,
physical escape of water through leaks). Figure 2 provides an overview of the AWWA M36 water
balance. A key result of the water balance is the determination of “non-revenue water,” which is the sum
of unbilled consumption and apparent and real losses.

6

American Water Works Association Manual 36. Water Audits and Loss Control Programs. Fourth Edition. 2016.
Denver, CO.
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Figure 2. AWWA M36 Water Balance 7
A comprehensive description of how to perform this method can be found in AWWA M36, Chapter 3.
Note that an AWWA M36 water audit may be required prior to or during the ESCO’s IGA to determine
and document the inaccuracies of the system, as it can help target the metering system to mitigate issues
found and to identify the most appropriate metric for the performance contract. Figure 3 provides an
overview of how the water audit process can be used to determine the cost benefit of specific
interventions such as a leak management program or revenue protection program.

7

American Water Works Association Manual 36. Water Audits and Loss Control Programs. Fourth Edition. 2016.
Figure 3-1. Denver, CO.
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Figure 3. AWWA M36 Methodology – Conceptual Illustration 8

3.2 Baseline and Post-Installation Performance Determination
The following section provides an overview of the procedures that can be used to determine the baseline
condition of the provider’s water system prior to the installation of the metering system and postinstallation performance of the metering system. These two elements are necessary in measuring and
verifying the system performance. The general equation to determine the system performance is:
Performance = (Baseline Condition – Post Installation Condition) ± Adjustments
where:
Baseline Condition = Performance prior to the installation of the metering system
Post Installation Performance = Performance after installation of the metering system
Adjustments = Factor applied to normalize the metric when appropriate
This section provides best practice procedures for three performance metrics: water meter accuracy
improvement, water loss reduction, and O&M cost reduction.

3.2.1

Water Meter Accuracy Improvement

This performance metric is defined by the average weighted meter accuracy. Meter accuracy is
determined by comparing a known volume of water passing through the meter to the volume that is
recorded by the meter. The average weighted meter accuracy is the mean meter accuracy across a
sampling of meters for a range flow rates, taking into account the volumetric weighting of each flow rate.
The measurement of average weighted meter accuracy should be determined to define baseline condition
of the existing meters and the post-installation M&V phase of the project.
The following section provides the elements that need to be collected to calculate the average weighted
water meter accuracy of the baseline and post-installation conditions. This procedure is from AWWA
8

Graphic provided by Will Jernigan of Cavanaugh, April 11, 2018.
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Manual 6 (M6) Water Meters – Selection, Installation, Testing, and Maintenance. 9 Chapter 5 of AWWA
M6 details this procedure. The M&V plan should clearly state values that are measured and those that are
stipulated.
Meter Grouping: Meters should be grouped by size and type for accuracy testing, which should be
specified in the M&V plan.
Sample Size: The M&V plan should specify the number of existing meters that will be tested to
determine the baseline accuracy by meter grouping. The sample size of meters should be determined
using the AWWA M6 statistical sampling procedures found in Chapter 5. 10 The M&V plan should
specify the confidence and interval levels as agreed upon by the water provider.
Flow Rate Testing: Water meters should be tested at low, intermediate, and high flow rates at an
AWWA-certified water meter testing facility and in accordance with AWWA guidelines for meters pulled
from service as specified in AWWA M6 manual. It is recommended that the flow rates of specific meter
types provided in Table 5-3 of AWWA M6 be used. The M&V plan should specify the methods used to
test the flow rate by meter grouping. It is suggested that testing be performed by an independent third
party for validation.
Meter Accuracy: The meter accuracy is calculated by dividing the meter indicated flow rate by the actual
flow rate as follows:
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (%) =

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
𝑥𝑥 100
𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

Flow Weighting (aka Percent Volume): To determine the weighted average meter accuracy, the flow
weighting needs to be determined for each meter grouping. This is the proportion of water used at the
range of flow rates compared to the total volume. AWWA M36, Chapters 3 and 5 provide information on
this weighting factor. The M&V plan should specify the flow weighting for each meter grouping and the
source of the data that was used to determine these values.
Average Weighted Meter Accuracy: To determine the overall weighted accuracy of the tested meters by
meter group, the meter tested accuracy for each flow rate range (low, intermediate, and high) by meter
grouping is prorated by the flow weighting. For an example of this method, see AWWA M36, Table 3-13.
The results of accuracy testing determine the baseline average weighted meter accuracy, which should be
included in the M&V report that is provided to the water provider.
Post-Installation Average Weighted Meter Accuracy: The performance contract should specify the
guaranteed meter accuracy of the new system and the basis for this guarantee (such as the meter
warranty). The same procedures that are used to determine the baseline average weighted meter accuracy
(as described above) should also be used to determine the post-installation average weighted meter
accuracy over each measurement period. The results should be documented in the M&V report to show if
the guaranteed performance has been met over the study period. The M&V plan should state the
measurement frequency that the average weighted meter accuracy is measured.
9

American Water Works Association Manual 6. Water Meters – Selection, Installation, Testing, and Maintenance.
Fifth Edition. 2012. Denver, CO.
10
An example of this meter testing sampling size exercise is available within AWWA M6, Chapter 5, page 70.
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Appendix A of this document provides information on determining revenue increases due to increased
meter accuracy.

3.2.2

Water Loss Reduction

This performance metric is the reduction in water losses that are potentially recoverable from the water
provider’s distribution system. This value is determined through a leakage component analysis that is a
part of the AWWA M36 water audit method. A leakage component analysis is described by AWWA as:
“A means to analyze real losses and their causes by quantity and type. The goal is to identify volumes of
water loss, the cause of the water loss, and the value of the water loss for each component.” 11 A detailed
description of the leakage component analysis is in AWWA M36, Chapter 7.
This methodology can be considered the preferred method to validate the performance for this metric. A
leakage component analysis model was developed by the WRF Project 4372A, Real Loss Component
Analysis: A Tool for Economic Water Loss Control. 12 This model is freely available and can be used to
conduct a leakage component analysis.
The general elements of the leakage component analysis are as follows:
Current Annual Real Losses: Total real losses determined in the top-down AWWA water balance.
Current Reported Leakage: The total volume of leakage that has surfaced on its own, estimated from
leak repair records over a given timeframe (e.g., annually). The ESCO will have to work closely with the
water provider to gather the required data to determine this value if it is unknown.
Current Unreported Leakage: The total volume of leakage discovered and assessed via proactive leak
detection. If no proactive leak detection is in place, this volume will be zero.
Unavoidable Annual Real Losses: Reference value for the minimum water leakage of a system given its
physical parameters. These leaks are highly dependent on water system pressure.
Potential Recoverable Leakage (PRL): This forms the basis for the performance metric, which is the
amount of potential real water losses that can be captured through a leak detection and repair program.
The baseline PRL of the water provider’s distribution system should be determined prior to the
installation of the advanced metering system. The ESCO should clearly document the procedures and the
data inputs that were used to determine the PRL, following the AWWA M36 and WRF 4372A
methodology.
The ESCO and water provider should review the PRL results to develop a goal for reasonable and
obtainable water loss recovery and to formulate the appropriate leak detection and repair program. The
ESCO and water provider should also agree on a reasonable timeframe for the water provider to repair

11

American Water Works Association Manual 6. Water Meters – Selection, Installation, Testing, and Maintenance.
Fifth Edition. 2012. Denver, CO. page 17.
12
Water Research Foundation. Water Audits and Real Loss Component Analysis. Project #4372a. Denver, CO.
http://www.waterrf.org/Pages/Projects.aspx?PID=4372.
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leaks. It will be critical that the water provider leverages data from the advanced metering system to
quickly identify and repair leaks.
Once the leak detection and repair program has been developed, the ESCO and water provider should
agree on a level of water loss reduction that can be achieved to set the amount of guaranteed water
savings. This can be represented as a percentage reduction in baseline water loss volume, based on the
results of the PRL determination. It is recommended that water loss reduction not be represented as a
reduction in water loss as percent of system input volume. For each measurement period of the contract,
the same procedures should be performed to determine the revised post-installation PRL that will
document if this performance metric has been met.

3.2.3

O&M Cost Reduction

This performance metric is the reduction in O&M cost as a result of increased efficiencies of the
advanced metering system. The following information provides the basic procedures to determine the cost
reductions and potential parameters that can be used to normalize the savings. It is recommended that
costs are escalated for each measurement period based on the water provider’s escalation rate or inflation
rate. Meter Reading Cost Savings: The basic calculation to determine the baseline and post-installation
meter reading cost over the measurement period is as follows:
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑥𝑥 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑝𝑝𝑝𝑝𝑝𝑝 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅

This cost is associated with labor reduction and not vehicle savings (see below). The cost per meter read
should be provided by the water provider. The total number of meter reads over the measurement period
can also include the number of meter “re-reads” that are typically required to confirm original meter
reads. Subtracting the baseline meter reading cost from the post-installation cost produces the amount of
cost savings. This cost savings value can be normalized for each measurement period based on the
number of total meter reads, stipulated by the water provider.
Vehicle Savings: The basic calculation to determine the baseline and post-installation vehicle cost over
the measurement period is as follows:
𝑉𝑉𝑉𝑉ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑉𝑉𝑉𝑉ℎ𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑥𝑥 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑉𝑉𝑉𝑉ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝑥𝑥 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑝𝑝𝑝𝑝𝑝𝑝 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝑡𝑡𝑡𝑡 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑉𝑉𝑉𝑉ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

These parameters should be provided by the water provider. The cost per hour to operate the meter
reading vehicles should include fuel and vehicle maintenance costs. Subtracting the baseline vehicle cost
from the post-installation cost produces the amount of cost savings. This cost savings value can be
normalized for each measurement period based on the number of total vehicle hours, stipulated by the
water provider.
Meter Turn-on/Shut-off Cost Savings: The basic calculation to determine the costs associated with
manual turn-on and shut-off of meter accounts over the measurement period is as follows:
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇-𝑂𝑂𝑂𝑂/𝑆𝑆ℎ𝑢𝑢𝑢𝑢-Off Cost =
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇-On/Shut-off 𝑥𝑥 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑝𝑝𝑝𝑝𝑝𝑝 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇-𝑂𝑂𝑂𝑂/𝑆𝑆ℎ𝑢𝑢𝑢𝑢-Off
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These parameters should be provided by the water provider. The cost per account turn-on/shut-off should
be informed by the labor and vehicle costs associated with manually turning on or shutting off accounts.
Subtracting the baseline vehicle cost from the post-installation cost produces the amount of cost savings.
This cost savings value can be normalized for each measurement period based on the number of accounts
turned off or shut off over the measurement period, stipulated by the water provider.
Customer Billing Resolution Cost Savings: The basic calculation to determine the costs associated with
customer billing resolution for high-bill complaints over the measurement period is as follows:
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑥𝑥 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑝𝑝𝑝𝑝𝑝𝑝 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 + 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

These parameters should be provided by the water provider. The cost per complaint should be informed
by the average time for staff to resolve a complaint and associated labor cost. Subtracting the baseline
customer billing resolution cost from the post-installation cost produces the amount of cost savings. This
cost savings value can be normalized for each measurement period based on the number of customer
complaints over the measurement period, stipulated by the water provider.
An increase in labor costs may be experienced due to “false-positive” leaks if the advanced metering
system is not properly commissioned, which prompt staff to follow up with customers unnecessarily.
These “false-positive” readings can be reduced by fine-tuning the thresholds to alert the water provider of
operational issues. Other Considerations
The M&V plan should state any potential issues that may significantly impact the performance metrics, as
the baseline and post-installation performance metrics may need to be adjusted. The ESCO should follow
the established dispute resolution steps identified in the State Performance Contracting Program, which
should be reviewed and agreed upon between the ESCO and the water provider. Such issues may include:
• Unauthorized consumption, which includes meter tampering, illegal connections, and misuse of fire
hydrants;
• Detected leaks that are not repaired;
• Systematic data handling errors with customer billing systems, including miscoding in billing
software of multipliers for conversion of reading units to billing units;
• Drought management (and other types of) watering restrictions imposed by the water provider, or
local or state government entities that may reduce water use;
• Water providers’ escalation rates that may impact revenue; and
• Water use reduction as a result of advanced metering system providing data to customers that help to
reduce water consumption, thereby lowering the water provider’s revenue.
The annual M&V report should provide a detailed description of any significant issue that was
experienced, the subsequent impact on water use, and adjustments made to the baseline estimate as a
result of the issues.
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4.0

Commissioning

Commissioning is an important step to ensure the advanced metering system will achieve the guaranteed
savings specified in the performance contract. Commissioning is the process whereby the system is
verified to comply with the approved plan and inspected and evaluated for proper operation.
Commissioning ensures system components are functioning optimally per the design and data analytics
are programmed per the performance contract. The following information provides a general overview of
meter commissioning with the key elements that should be included in a commissioning plan.

4.1 Meter Commissioning
The ESCO should establish a commissioning plan that outlines the specific steps that will be performed.
AWWA M6, Chapter 4, provides guidance on proper meter installation that can inform the
commissioning plan. The following list provides the primary requirements that should be checked during
the commissioning process to ensure proper installation. 13 These elements should be considered in the
planning and design phase as well as the post-installation inspection.
• Meter installation – the meters should be installed with the following considerations:
–

Horizontally installed for optimum function

–

Water-tight connections

–

Installed within the correct number of pipe diameter lengths upstream and downstream of the
meter (per the meter’s specifications)

• Meter location – the meters should be located to ensure the following items:
–

Accessible for maintenance and repair and proper reading

–

Protected from freezing and other adverse conditions (such as flooding) that could potentially
cause damage

• Meter components – the meters should have the following components:
–

Inlet shut-off valve that is easily accessible and allows the meter to be taken offline for
maintenance

–

Permanent electrical grounding to prevent accidental shock

–

Back-flow prevention

It should be noted that large commercial/industrial meters require detailed planning and preparation to
ensure proper installation, which can typically be more rigorous than small residential meters.

13

American Water Works Association Manual 6. Water Meters – Selection, Installation, Testing, and Maintenance.
Fifth Edition. Chapter 4. 2012. Denver, CO.

13

4.2 Data System Commissioning
The data management system of an advanced metering system should also be commissioned. The
commissioning process should include training for the water provider to ensure access to required data for
billing, leak detection, and other important management features. The following list provides the main
elements that should be included in commissioning the data management system:
• Communications network connectivity and data transmission – system has been tested to:
–

Ensure system network connection is communicating with the advanced meters

–

Ensure data is accurately transmitting at the designated intervals

–

Alert the system if meters are not sending data to the network

–

Ensure cyber-security measures are in place to protect the system

• Software integration - software has been properly programmed to:
–

Collect the desired interval data

–

Generate automated billing

–

Set thresholds that alert of high water use, which can inform the water provider of leaks and other
operational issues. These set-points should be reviewed and adjusted over the first measurement
period to reduce the number of “false-positive” readings.

–

Generate the necessary reports for meter data management (e.g., leak detection, high-use alerts)

After the commissioning has been performed, the contractor should provide a report that outlines the
findings. It is recommended that the water provider (or consultant) witness commissioning activities,
review the commissioning report, provide comments to the ESCO, and have comments resolved to the
water provider’s satisfaction prior to approving the project. The report should include the results of all
tests performed, state if the system is functioning per the design, and list necessary corrections.
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Appendix A
Revenue Increase
The following steps provides the basic procedure that can be used to determine the amount of revenue
increase as a result improved meter accuracy from an advanced metering project. This revenue is
specifically tied to the increase in the meter accuracy and not an increase in the water provider’s rate that
is charged customers.
These procedures can be performed for each meter grouping identified in the M&V plan.
Baseline Metered Consumption: The first step is to determine the baseline volume of water that was
recorded by the water provider’s meters before the installation of the advanced metered system taking
into account the baseline meter accuracy, calculated as follows:
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑒𝑒 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑈𝑈𝑈𝑈𝑈𝑈
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡𝑡𝑡𝑡𝑡 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (%)

Adjusted Metered Consumption: The next step is to determine the water volume that would have been
captured with improved meter accuracy as a result of the advanced metering system, calculated as
follows:
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑥𝑥 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃-𝐼𝐼𝑛𝑛𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡𝑡𝑡𝑡𝑡 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (%)

Net Consumption Increase: Subtracting the baseline from the adjusted metered consumption reveals the
amount of water consumption that was not accounted for with the old meters, represented as follows:
𝑁𝑁𝑁𝑁𝑁𝑁 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 =
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 − 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

Revenue Increase: The increase in the water provider’s revenue that is a result of the net volume of
water recorded by the new metering system is calculated by multiplying the net consumption increase by
the provider’s weighted average volumetric water rate (e.g., $ per thousand gallons). The weighted
average volumetric water rate is equivalent to the Customer Retail Unit Cost determined in the AWWA
M36 water audit, which is described in AWWA M36, Chapter 3, Steps 5-6. The M&V plan should
carefully document the volumetric water rates for each customer class corresponding with the meter
groupings, which should account for the potential change in rates over the study period. An acceptable
alternate water rate can be the lowest individual volumetric water rate, which is a conservative estimate of
the customers’ water rate. The ESCO and water provider should agree upon the method selected and
document the water rate in the M&V plan.
The calculation to determine the revenue increase is as follows:

A.1

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ($)

$
= 𝑁𝑁𝑁𝑁𝑁𝑁 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑥𝑥 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡𝑡𝑡𝑡𝑡 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 (
)
𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣

Normalization: The baseline metered consumption and adjusted metered consumption can be normalized
to account for potential changes in water consumption patterns. The most common parameters to
normalize this water consumption is water use per meter connection over each measurement period.

A.2

