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Learning objectives 

2

Understand when to use 
operational verification vs. 

complete M&V.

Understand different types 
of low-cost M&V methods 

and tools.

Illustrate low-cost methods 
and tools with real-world 

examples.



Abbreviations
Acronym Meaning
ASHRAE American Society of Heating Refrigeration and Air Conditioning Engineers
BAS Building Automation System
CDD Cooling Degree Days
CMVP Certified Measurement and Verification Professional
Cv(RMSE) Coefficient of Variation of Root Mean Square Error
EEM Energy Efficiency Measure
EMIS Energy Management Information System
EVO Efficiency Valuation Organization
GJ Gigajoule
HDD Heating Degree Days
IPMVP International Performance Measurement and Verification Protocol
HVAC Heating, Ventilation and Air Conditioning
kW kilowatt(s)
kWh kilowatt-hour(s)
M&V Measurement & Verification
PMVA Performance M&V Analyst



Today’s agenda

1. The cost of doing or not doing M&V
2. Operational verification
3. Retrofit isolation: option A, sampling, BAS/EMIS
4. Whole facility (option C)
5. Low-cost metering tips
6. Summary
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The cost of doing or not doing M&V



Reminder: the advantages of M&V

6

Without 
M&V

With M&V

No additional cost

Energy savings are 
not verified 

Energy savings are 
maximized

Energy savings 
persist



M&V and costs

The M&V costs must be aligned with the anticipated variations 
within the measurement boundary and the expected savings.

The M&V costs should be relatively small compared with the 
expected monetary savings.
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M&V and costs

The cost of determining savings using the 

measurement and verification method 

depends on many factors.

The IPMVP option selected and 
measurement boundary used.

The number of measures and their
complexity.

Funding stakeholders’ required accuracy 
in reported savings.

The level of effort associated with the 
approach selected.

The operational verification activities
required for each measure.
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M&V and costs

A best practice is to minimize the 
cost associated with data 
collection and analysis in relation 
to the expected economic 
benefit.

Rule of thumb: the average M&V 
costs should be less than 10% 
of the annual cost savings of the 
project.

(IPMVP Core Concepts, EVO 10000 – 1:2022)
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Important steps when conducting M&V

Even with low-cost M&V, these items must be documented:

• Reasons for investing in M&V

• EEM system description and measurement boundary

• Key variables that might be needed for adjustments

• Lead M&V professional for the project

• Specific variable(s) to be metered

• Site verification

• Analysis description and methodology

• Reporting: who, how, when
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Operational verification: 

The “V” in M&V



Definition

“Operational verification consists of a set 

activities intended to ensure that the measure 

is installed, commissioned, and performing its 

intended function. Confirmation that Energy 

Efficiency Measures are installed and operating 

as per the design intent and have the potential 

to perform and generate savings is required.”

Source: International Performance 

Measurement and Verification Protocol 

(IPMVP), CORE CONCEPTS 2022
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Operational verification

Operational
Verification

Validate 
measures 

are properly 
installed

Confirm 
nameplate 
data and 
control 
method

Collect spot 
readings of 
energy and 

process 
data

Operational verification can serve as a low-cost 

procedure for assessing savings potential and the 

selection of the best approach to operational 

verification depends on:

• Equipment characteristics: real-world experience 

reveals that field changes to design/bid 

specifications are common.

• Accuracy required

• Magnitude of the savings

Reminder: always justify your 
assumptions in engineering calculations!
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When to opt for operational verification only?

When there is little doubt about the outcome of the project.

When there is no need to prove results to a third party.

For relatively small projects involving small savings.
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Operational verification approaches
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Visual Inspection

• View and verify the 
physical installation 
of the measure.

Sample Spot 
Measurements

• Measure single or 
multiple key 
parameters for a 
representative 
sample of the 
project.

Short-Term 
Performance 

Testing

• Test for 
functionality and 
proper control.

• Conduct functional 
tests to capture the 
component or 
system operating 
over its full range 
of performance.

Data Trending and 
Control-Logic 

Review

• Set up trends and 
review data or 
control logic. 

• Measurement 
period may last for 
a few days to a few 
months, depending 
on need to capture 
the full range of 
performance.



Examples of operational verification 
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Lighting system 
upgrade

•Confirm that the lighting 
fixtures, such as LED 
bulbs are installed 
according to 
specifications.

•Verify the lighting controls 
(sensors, timers) are 
calibrated and functioning 
correctly.

HVAC system 
optimization

•Check that the upgraded
HVAC systems, such as 
high-efficiency units, are 
installed and configured
properly.

•Verify the temperature 
setpoints and scheduling 
are aligned with energy-
saving goals.

Water conservation 
measures

•Confirm that water-saving 
devices (low-flow faucets, 
efficient irrigation 
systems) are installed and 
functioning.

•Monitor water 
consumption patterns and 
compare them with the 
baseline data.



Example: operational verification template
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Retrofit Isolation

Option A (key measurements)

Sampling

BAS or EMIS data



IPMVP option A: measure at least one key parameter

Key parameter:

“Critical variable(s) identified to have a 

significant impact on the energy savings 

associated with installing an Energy 

Efficiency Measure.”

Source: International Performance 
Measurement and Verification Protocol 
(IPMVP), CORE CONCEPTS 2022
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Measurement boundary and key parameters

What influences your energy consumption? 

Occupation Weather

Production 
volume
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Key parameter measurement (IPMVP option A)
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The key parameter measurement methodology is a 
combination of measurement of key parameters and 
stipulation of other, less important parameters.

The measurement period depends on the load variability 
(from a few hours to a few days).

Always conduct measurements before and after measure 
installation.

Example of a motor’s key parameter: power at full load or 
runtime.



Examples of key parameters
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Bulb 
wattage

Hours of 
operation

Hours of 
operation

Electric 
power

Pump flow 



Example of a key parameter measurement approach

Lighting replacement project

A production plant is retrofitting 1,000 

fluorescent lamps to 100 LEDs, the average 

lighting schedule is 10 hours a day for 350 

day a year.

• Key parameter: Lamp wattage

• Stipulated parameter: Hours of 

operations (source: based on facility 

schedule)

Results

The power of the equipment is measured 

before and after:

• Before: Average wattage = 31 W/lamp

• After: Average wattage: 15 W/lamp

• Annual energy savings = (31-15)W x 

1,000 lamps x (10 x 350) hours / 1,000 

(kW/W) = 56,000 kWh
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Example: lighting M&V template

• This Save on Energy M&V plan template is specific 

to lighting projects that have opted to use an 

IPMVP option A M&V approach.

• The template will be available on the Save on 

Energy website in the near future.
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Retrofit isolation with sampling reduces M&V cost

• Industrial example: 

• 47 end uses, motor driven

• Sampling: 12 motors
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Retrofit isolation with sampling reduces M&V cost

• Industrial example: 

• End uses disaggregated into three groups

• Used Bonneville Power Authority resources 

for sampling plan

Source: www.bpa.gov/energy-and-services/efficiency/measurement-and-
verification
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http://www.bpa.gov/energy-and-services/efficiency/measurement-and-verification
http://www.bpa.gov/energy-and-services/efficiency/measurement-and-verification


Retrofit isolation with sampling reduces M&V cost

Other common applications for M&V 

sampling include: 

• Multiple air-handling units

• Lighting upgrades
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Using BAS/EMIS data for low-cost M&V

Example: 

• KaizenTM EMIS enteliWEBTM BAS

Note that many other EMIS and BAS 

systems are commercially available
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Using BAS/EMIS data for low-cost M&V

• Sample calculations can be done 

using BAS data

Note: site verification still required to 

confirm nameplate capacities, etc.
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Whole facility M&V



Option C case study: medical office natural gas savings

• Medical office in Southeast U.S.

• Natural gas savings due to two programs: 

behavior change program and 

recommissioning

• Option C (whole facility) selected as 

multiple systems are affected by the 

measures

• Monthly natural gas data from utility 

meter available

Photo by Eric Mazzi

Space heating hot water piping
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Option C case study: medical office natural gas savings

A baseline model is developed 
using monthly natural gas data:

kWh/month = 94,292 + 257.0 * HDD/month

Model statistics:

Cv(RMSE) = 0.18 or 18%

Bias error <0.005%

R2 = 0.84

p-values & F-statistic < 0.01
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Option C case study: medical office natural gas savings

M&V results:

• Reporting period predicted consumption using baseline model: 

1,836,000 kWh/yr (or 6,610 GJ/yr)

• Reporting period actual consumption: 1,689,000 kWh/yr (or 6,080 

GJ/yr)

• M&V savings: 147,000 kWh/yr (or 530 GJ/yr), 8% of baseline

• Routine adjustments: heating degree days (HDD)

• Non-routine adjustments: none identified



Low-cost metering tips



Runtime and other loggers

Motor operating time 
(magnetic ‘stick on’ or 

current switch)
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Lighting ‘on’ time

Lighting intensity 
(for dimming)



Electric submetering

• Three-phase power meters (requires 

ticketed electrician)

• Time series logging built in

• Bi-directional capability (e.g., solar 

PV; regenerative motors)
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Natural gas sub-metering

• Thermal mass meters.

• Install so that meter can be removed 
without equipment shutdown, and 
meter reused for other equipment.
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Metering resource: DOE Metering Best Practices (2015)
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Metering resource: ASHRAE 14-2023, Appendix A
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Summary



Low-cost M&V summary
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Project funding stakeholders should assess: what is purpose and value of M&V?

Consider operational verification only

Consider operational verification plus lower-cost M&V methods (retrofit isolation 
Option A, sampling, whole facility Option C, use of BAS/EMIS data)

Low-cost metering options are available (portable and temporary instruments, 
electricity sub-metering, natural gas sub-metering)



Free M&V Resources

• Efficiency Valuation Organization (create a free account)

• IPMVP protocols: 

• IPMVP Core Concepts (2022)

• (future) new version of the Uncertainty Assessment Guide

• M&V for solar PV, demand response and more

• Bonneville Power Authority:

• Application Guides (e.g. peak demand)

• Reference Guides (e.g. regression modelling for M&V)

• ASHRAE 14-2023 “Measurement of Energy, Demand, and Water Savings”
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http://www.evo-world.org/
http://www.bpa.gov/energy-and-services/efficiency/measurement-and-verification


Menti.com  code = xxxx yyyy



Q&A: Ask us anything (related to M&V)!



Thank you!

SaveOnEnergy.ca

trainingandsupport@ieso.ca

@SaveOnEnergyOnt

facebook.com/SaveOnEnergyOntario

linkedin.com/showcase/

SaveOnEnergy-Ontario

Stay in the know 

Sign up for Save on Energy’s 

quarterly business newsletter
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