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[bookmark: _Toc203545560]Executive Summary
This document provides general Measurement and Verification (M&V) requirements for standard Energy Conservation Measures (ECMs) to be implemented under Energy Savings Performance Contracts (ESPCs) at the Department of Veterans Affair (VA) sites within various VISN Regions.  This document contains procedures and guidelines for quantifying the savings resulting from energy efficiency equipment, water conservation, and renewable energy projects implemented through ESPCs for the Department of VA.  This M&V guide will assist the VA in reviewing ESCO M&V Plans.  The guide emphasizes the key parameters that should be considered when performing M&V on specific ECMs.  However, site specific variations should be considered when developing a M&V plan.  The ESCOs bidding on each project shall meet the minimum requirements to satisfy the VA M&V guide requirements.  This M&V Guide is general in approach and will give the ESCO an idea of the general approach to most ECMs.  In reality, an M&V plan needs to be tailored to a specific ECM at a specific site.  This guide is a broad approach for general ECMs and each plan does not consider ECM size, cost, and savings which are crucial for development of proper M&V plans.  This M&V guide is the standard for ECMs analyzed across all VISN facilities.

The purpose of the M&V Plans is to establish the method by which the calculated energy savings for the project shall be proven.  The measurement and verification plan will identify the methodology to be used to capture and quantify the changes in the performance and operational parameters which are measured or calculated.  The values of the performance and operational parameters are needed to calculate energy savings associated with each ECM implementation.

Veteran Affairs ESPCs include contractual requirement for ESCOs to comply with M&V protocols in planning and carrying out M&V activities.  The actual M&V plans will be more in-depth and complex once the specific ECM is determined at a specific site.  The actual M&V plan will account for ECM cost, savings, and size before an M&V plan is selected. 
The M&V methodology to be employed for the standard ECMs analyzed has been developed to be consistent with the M&V requirements outlined by the current version of the International Performance Measurement and Verification Protocol (IPMVP).
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M&V Option Performance and Usage Factors Savings Calculation
The proposed Measurement and Verification (M&V) options include A, B, C, and D as detailed in the M&V Guidelines of the International Performance Measurement and Verification Protocol (IPMVP).

Option A—Retrofit Isolation with Key Parameter Measurement
This option is based on a combination of measured and estimated factors when variations in factors are not expected.
Measurements are spot or short-term and are taken at the component or system level, both in the baseline and post-installation cases.  Measurements should include the key performance parameter(s) which define the energy use of the ECM. Estimated factors are supported by historical or manufacturer’s data.  Savings are determined by means of engineering calculations of baseline and post-installation energy use based on measured and estimated values. Typical analysis includes engineering calculations or component or system models using measurements and estimates.

Adjustments are not typically required.

Option B—Retrofit Isolation with All Parameter Measurement
This option is based on periodic or continuous measurements of energy use taken at the component or system level when variations in factors are expected.  Energy or proxies of energy use are measured continuously. Periodic spot or short-term measurements may suffice when variations in factors are not expected.  Savings are determined from analysis of baseline and reporting period energy use or proxies of energy use.  Typical analysis includes direct measurements, engineering calculations, and/or component or system models.  

Adjustments may be required.

Option C – Utility Data Analysis
This option is based on long-term, continuous, whole-building utility meter, facility level, or sub-meter energy (or water) data.  Savings are determined from analysis of baseline and reporting period energy data. Typically, regression analysis is conducted to correlate with and adjust energy use to independent variables such as weather, but simple comparisons may also be used.  Typical analysis includes regression analysis of utility meter data to account for factors that drive energy use.  

Adjustments are required.

Option D—Calibrated Computer Simulation
Computer simulation software is used to model energy performance of a whole-facility (or sub-facility). Models must be calibrated with actual hourly or monthly billing data from the facility.  Implementation of simulation modeling requires engineering expertise.  Inputs to the model include facility characteristics; performance specifications of new and existing equipment or systems; engineering estimates, spot-, short-term, or long-term measurements of system components; and long-term whole-building utility meter data.  After the model has been calibrated, savings are determined by comparing a simulation of the baseline with either a simulation of the performance period or actual utility data.  Typical analysis includes computer simulation model (such as eQUEST) calibrated with whole-building or end-use metered data or both.  

Adjustments are required.

[bookmark: _Toc203545562]
Sampling Data
This VA M&V guideline require the proper sampling size to verify savings.  Sampling plans are developed when it is unrealistic, from a cost or time standpoint, to measure or monitor every piece of affected equipment.  A successful sample will be sufficiently representative of the population to draw inferences about the population as a whole.  Sample size is determining by elements:
These ECMs include lighting, lighting controls, premium efficiency motors, and water conservation measures.  Other measures may require a proper sampling size as specified in Appendix B of the IPMVP.  This describes the method used to determine the sample size for each usage group measurement. An example of determine a sample plan for lighting is shown below.
Below is shown an M&V Sample Plan for Lighting based on IPMVP Protocol:
A sample of monitoring points for each usage groups was determined by the following procedure:
Define the desired precision and confidence for each measured parameter. For measuring fixture powers, 10% precision at 90% confidence is desired. For measuring usage group operating hours, 20% precision at 80% confidence was selected. 
Since sample size required to meet stated precision and confidence criteria is dependent on the actual measurement results, assume an initial coefficient of variation for each measured parameter. For fixture power, use Cv = 0.1; for operating hours, use Cv = 0.5.  The actual precision achieved will be calculated and additional measurements made if the stated precision criteria is not initially met. 
Using the stated assumptions and Equations D.3 and D.4 based on IPMVP Guidelines, estimate the sample size n for the total population of lighting circuits using the following standard statistical equations for estimating sample populations:


where: 	
Z 	= 	Z statistic for desired confidence interval 
p 	=	desired precision
Cv 	=	coefficient of variation 
N 	=	population of usage groups or fixtures 
n	= 	sample size assuming infinite population size
n* 	=	sample size corrected for population size

Because the sample sizes n and n* must be integers, the results from Equations D.3 and D.4 need to be rounded up to the nearest integer value. The coefficient of variation (Cv) is simply the standard deviation of the measurement divided by the average measurement value. 


where: 	
 	=	standard deviation 

 	=	average measured value

When the measurements have been taken, the Cv can be quickly calculated. If the actual Cv is less than the assumed value, then the precision and confidence criteria have been met. If the actual Cv is greater than the assumed value, then additional measurements must be taken. Alternatively, an investigation may reveal that one sample was misidentified and belongs in another usage group or fixture category. When taking power measurements, the standard deviation will be calculated in the field. If the Cv is greater than 0.1, three additional fixtures or circuits will be measured and the fixtures will be inspected to reveal whether any were misidentified. For operating hour measurements, a Cv significantly greater than 0.5 will require additional measurement samples such that the total number of samples satisfies Equations D.3 and D.4 using the measured Cv. 

Using the actual Cv, the precision can be calculated from the previous equations after some simple algebraic manipulation. In practice, the finite population correction only needs to be used where the actual population (N) is less than 100. 


Fixture powers will be based on the average of the measured values. Usage group operating hours will be based on the average of the measured values. The coincidence factor (CF, probability that operation coincides with building peak) for each usage group will be based on the operating hours between 1:00 and 4:00 p.m. as follows: 



[bookmark: _Toc203545563]Using the demand savings and measured operating hours, estimate the annual energy savings from each usage group.
Calibration of equipment
Measurement equipment will be calibrated in accordance with the manufacturer's specifications and with standards established by the National Institute of Standard and Technology (NIST).
[bookmark: _Toc203545564]Schedule and reporting for verification
This section discusses some basic elements of the process and schedule associated with the development and performance of this project, including: requirements for government witnessing, scheduling, content and format of verification reporting.  
Personnel from Dept. of VA and or VA’s maintenance contractor should be intimately involved with most of the baseline measurement and field work done during the baseline development.  This should include verification of short term measurements, long term measurements, spot measurements, and review of metered data analysis.  Government witnessing does not have to be done for all equipment but at a minimum the government should assist with key equipment data collection.
When post-installation and performance period field work is to be performed the ESCO will need to coordinate with the Department of VA to verify their availability to participate in post installation activities.  Post Installation, commissioning measurements will include short and long term data logging, spot measurements, and review of metered data analysis.  
Other activities include performance period measurements and trending data collection.  This is typically less critical once the commissioning, post installation, data collection is complete but the government should be aware of key parameters being collected.
[bookmark: _Toc203545565]M&V Plans
An M&V plan was created for each standard ECM analyzed for all audited sites within VISN regions 15, 20, 21, and 22 using IPMVP Protocols.  
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M&V Option:	A
This measure involves the implementation of high efficiency lighting with lower efficacy (lumens per watt) values over the existing lighting at the facility.  This measure includes the upgrade of lamps, fixtures, lenses, reflectors, and ballasts that will maximize savings while maintaining proper lighting levels.  

M&V Plan Description
Option A protocol will be used to quantify the energy consumption savings associated with the lighting upgrades. 

M&V Option Selection Rationale
• Lighting retrofit projects are considered simple savings measures that require a small number of measurements to verify savings.  Lighting upgrade savings are typically easy to quantify and verify during the baseline, post condition and performance periods.  Typical lamp and ballast combination lighting tables may be used to verify fixture power. 
• Performance parameters will not be collected during the performance period and will be based on post-installation measurements taken during commissioning.

M&V Plan Performance and Operational Parameters
	Parameter
	Period
	Population
	Measurement

	Lighting Power (kW)

	Performance
	Baseline
	10% Precision with 90% Confidence
	Spot Measurement

	Performance
	Commissioning
	10% Precision with 90% Confidence
	Spot Measurement

	Performance
	Performance Period
	Verified at Commissioning
	None

	Lighting Levels (Foot Candles/Lumens)

	Performance
	Baseline
	20% Precision with 80% Confidence
	Spot Measurement

	Performance
	Commissioning
	20% Precision with 80% Confidence
	Spot Measurement

	Performance
	Performance Period
	Verified at Commissioning
	None

	Lighting Runtime (hrs per location)

	Operation
	Baseline
	20% Precision with 80% Confidence
	Short Term Metering

	Operation
	Commissioning
	 Measured during baseline period.
	None

	Operation
	Performance Period
	 Measured during baseline period.
	None


• Baseline and post-installation performance parameters for a sample set of fixtures (power level of lamp and ballast combinations) will be spot-measured.  It is recommended to spot measure the more typical or larger group of lamps being installed over the small groups of lamps being installed. Ideally, fixtures that represent at least 80% of the lighting energy use will be measured. 
• Baseline operational parameters (hours of operation of the lighting system) will be verified via short-term data logging.   It is recommended to focus on typical spaces that represent the largest areas in the facility. Ideally, spaces that represent at least 80% of the lighting energy use will be measured. 
• Baseline and post installation lighting levels will be verified by spot measurements in approximately 20% of the spaces.  It is required that the lighting levels meet the VA’s lighting design illumination levels.

M&V Performance Assurance Activities
• Confirm that installed lamps, fixtures, and ballasts were installed as stated in the scope of work and are performing as specified.
• Perform post installation sample set measurements of fixture kW, hours of operation, and average foot-candle for area.
• Obtain Department of Veterans Affairs approval of all performance and operational parameters shown in the baseline and post-installation parameter value tables.
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M&V Option: B
This ECM involves installing controls on the existing lighting systems to reduce run hours through implementation of occupancy sensors, day lighting controls, and improved programmed runtimes.
M&V Plan Description
Option B protocol will be used to quantify the energy consumption savings associated with the lighting controls. The lighting retrofit may consist of installation of new lighting controls that will reduce run time through standard lighting measures. Fixture power measurement procedures will be identical to that outlined in the Lighting ECM.

M&V Option Selection Rationale
• Implementation of lighting controls is a proven technology. It is easy to capture and quantify the changes in performance and operational parameters needed to calculate energy savings.
• Performance parameters can be spot measured via a sampling plan. Operational parameters will be verified via short-term data logging.

M&V Plan Performance and Operational Parameters
	Parameter
	Period
	Population
	Measurement

	Lighting Power (kW)

	Performance
	Baseline
	10% Precision with 90% Confidence
	Spot Measurement

	Performance
	Commissioning
	10% Precision with 90% Confidence
(If fixture power changes due to retrofit, no measurement required otherwise.)
	Spot Measurement

	Performance
	Performance Period
	Verified at Commissioning
	None

	Lighting Levels (Foot Candles/Lumens)

	Performance
	Baseline
	Day lighting Only
	Spot Measurement

	Performance
	Commissioning
	Day lighting Only
	Spot Measurement

	Performance
	Performance Period
	Verified at Commissioning
	None

	Lighting Runtime (hrs per location)

	Operation
	Baseline
	20% Precision with 80% Confidence
	Short Term Metering

	Operation
	Commissioning
	20% Precision with 80% Confidence
	Short Term Metering

	Operation
	Performance Period
	Measured during baseline period.
	None


• Baseline and post-installation performance parameters for a sample set of fixtures (power level of lamp and ballast combinations) will be spot-measured during the baseline development and post installation.  Performance period verification is not needed due to consistent lamp and ballast power combinations verified at commissioning.
• Baseline and post-installation operational parameters (hours of operation of the lighting system) will be verified via short-term data logging conducted during the baseline development and commissioning. Baseline Cv (no controls) is assumed to be 0.5. For post-installation measurements, the Cv is assumed to be 1.0 for spaces controlled by motion sensors and 0.5 for all other controls.
• During the life of a contract a smaller portion (typically 5%) of operating parameters will be collected and rotated throughout the building from year to year.  This will verify operating hours in virtually every location that a retrofit was conducted throughout the life of the contract.
• Baseline and post installation lighting levels will be verified by spot measurements in approximately 20% of the spaces incorporated with day lighting controls.   Lighting Levels should not fall below VA lighting design criteria.  
M&V Performance Assurance Activities
• Confirm that installed occupancy sensors and day lighting controls were installed as stated in the scope of work and are performing as specified.
• Confirm that the proposed lighting schedule changes have been properly programmed.
• Perform post installation sample set measurements of fixture kW and average foot-candle for area.
• Perform annual facility walk-through inspection of the control panels to verify programming.
• Obtain Department of Veterans Affairs approval of all performance and operational parameters shown in the baseline and post-installation parameter value tables.
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M&V Option:	D
This energy conservation measure proposes upgrading the building envelope that will reduce heat transfer and or infiltration.
M&V Plan Description
Option D protocol will be used to quantify the energy consumption savings associated with improved building envelope.  Option D will be used during the performance period of the contract. 

M&V Option Selection Rationale
• The overall savings associated with this measure can be calculated using a tuned thermal model.  The model needs to meet the requirements of ASHRAE 90.1 Appendix G.  It is also recommended that the calculated U-value and reduced infiltration be verified using ASHRAE standards.
• Option D protocol is recommended for ongoing verification of the performance this ECM. 

M&V Plan Performance and Operational Parameters
	Parameter
	Period
	Population
	Measurement

	Conduction

	Performance
	Baseline
	Insulation R-value with framing (Entire Structure)
	Calculated using ASHRAE 90.1 Standards

	Performance
	Commissioning
	Insulation R-value with framing (Entire Structure)
	Calculated using ASHRAE 90.1 Standards

	Performance
	Performance Period
	None
	None

	Infiltration

	Performance
	Baseline
	Entire Structure or Areas with high infiltration rates
	Calculated using ASHRAE Crack Method/ACH Method

	Performance
	Commissioning
	Entire Structure or Areas with high infiltration rates
	Calculated using ASHRAE Crack Method/ACH Method

	Performance
	Performance Period
	None
	None

	Building Operation

	Operation
	Baseline
	Measure Large HVAC Equipment (10-20%)
	Short Term Metering

	Operation
	Commissioning
	Measure Large HVAC Equipment (10-20%)
	Short Term Metering

	Operation
	Performance Period
	None
	Short Term Metering


• The performance parameters include the calculation of the envelope U-value using ASHRAE standards.  The U-value will need to be calculated based on building construction found during the baseline development and commissioning.  These values will be the parameters used within the model to calculate energy savings.
• The operation parameters include building operating, temperature set points, setbacks, etc…  Key operational parameters should be short termed metered to verify that only the improvement in U-value and reduced infiltration is being applied to savings this should also verify reduced equipment runtime.  
• The model will ultimately predict energy savings.  It is recommended that the energy model be calibrated with past utility data and spot-measurements.  The recorded data will be used as inputs into the model.  
M&V Performance Assurance Activities
• Verify installation of improved building envelope material.
• Perform standard ASHRAE calculations to verify reduced heat transfer and infiltration.
• Perform short term metering to verify building operation has remained consistent or taken into consideration.  
• Obtain Department of VA approval of all stipulated performance and operational parameters shown in the baseline and post-installation parameter value tables.
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ECM:			Insulation Repair 
M&V Option:	B
This energy conservation measure proposes repairing all damaged or leaking insulation.  This will save energy by reducing heat transfer and reducing air leaks.
M&V Plan Description
Option B protocol will be used to quantify the energy consumption savings associated insulation repair.

M&V Option Selection Rationale
• This measure is detailed with multiple measurements and calculations required to verify savings.  It is recommended to perform a routine insulation review to verify savings are being maintained.  
• Option B protocol is recommended for verification of the performance of this ECM. 

M&V Plan Performance and Operational Parameters
	Parameter
	Period
	Population
	Measurement

	Insulation Analysis

	Performance
	Baseline
	Entire Facility
	Thermograph/Ultrasonic

	Performance
	Commissioning
	Entire Facility
	Thermograph/Ultrasonic

	Performance
	Performance Period
	20% Rotating
	Thermograph/Ultrasonic

	Size, Temperature, Air Velocity

	Performance
	Baseline
	For all insulation air leaks
	Spot Measurement

	Performance
	Commissioning
	For all insulation air leaks
	Spot Measurement

	Performance
	Performance Period
	For all insulation air leaks
	Spot Measurement

	Equipment Operation

	Operation
	Baseline
	Entire Facility
	Long Term Measurements

	Operation
	Commissioning
	Based on Baseline
	None

	Operation
	Performance Period
	Based on Baseline
	None


• Performance parameters include an insulation damage assessment of the entire facility.  This will identify the any damaged or un-insulated piping, ducting, or equipment that is in need of an upgrade.  Once the damaged or un-insulated area has been identified the exposed area, temperature difference, and air velocity (if applicable) will be required information in order to calculate losses.  This will be done during the baseline development, commissioning, and performance period with 20% of facility through the life of the performance contract.
• The only operational parameter to be collected is hours of operation of the equipment identified that are in the need of insulation or insulation repair.  This may require multiple measurements of HVAC equipment to verify equipment runtime.

M&V Performance Assurance Activities
• Verify insulation has been repaired or installed as analyzed.  
• Verify savings through calculated losses by verifying exposed area, temperature difference, and air velocity spot measurements.  
• Obtain Department of VA approval of all stipulated performance and operational parameters shown in the baseline and post-installation parameter value tables.
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ECM:			Energy Management Control System
M&V Option:	B or D
This ECM involves installing controls that allow for optimized control of HVAC equipment and other energy consuming devices.  
M&V Plan Description
Either Option B or D protocol will be used to quantify the energy consumption savings associated with the EMCS controls. Option D, Energy Modeling, is recommended due to the interactions between energy consuming equipment when controls are implemented.  Option B should be utilized if the overall savings for this measure is below 20% of overall savings.
Option B or D will be used to validate ECM performance during the performance period.

M&V Option Selection Rationale
• The EMCS will be used to implement this ECM’s M&V, and thus provides an excellent source of data collection.
• Option B or D protocol is recommended for ongoing verification of the performance this ECM. Under this strategy, ongoing performance measurements (i.e. AHU run time, reset schedules, etc.) are not taken.
Rather, a review of EMCS trend logs on an annual basis will be used to validate ECM performance.

M&V Plan Performance and Operational Parameters
	Parameter
	Period
	Population
	Measurement

	HVAC Equipment Power (kW)

	Performance
	Baseline
	20%  (Focus on larger HVAC Equipment with Controls)
	Short Term Metering

	Performance
	Commissioning
	20%  (Focus on larger HVAC Equipment with Controls)
	Short Term Metering

	Performance
	Performance Period
	20% on Key Equipment
	From EMCS

	HVAC Equipment Runtime (hrs.)

	Operation
	Baseline
	20%  (Focus on larger HVAC Equipment with Controls)
	Short Term Metering

	Operation
	Commissioning
	20%  (Focus on larger HVAC Equipment with Controls)
	Short Term Metering

	Operation
	Performance Period
	20% on Key Equipment
	From EMCS

	Temperature Set points, Setbacks (°F)

	Operation
	Baseline
	20%  (Focus on similar spaces with majority of building space)
	Short Term Metering

	Operation
	Commissioning
	20%  (Focus on similar spaces with majority of building space)
	Short Term Metering

	Operation
	Performance Period
	20% on Key Equipment
	From EMCS

	Temperature Reset Schedules (°F)

	Operation
	Baseline
	20%  (Focus on larger HVAC Equipment with Controls)
	Short Term Metering

	Operation
	Commissioning
	20%  (Focus on larger HVAC Equipment with Controls)
	Short Term Metering

	Operation
	Performance Period
	20% on Key Equipment
	From EMCS


• Performance parameters of identified HVAC equipment will be short-term data logged during the baseline and post installation periods.   The performance parameters will be collected from the EMCS trending data during the performance period.  This will reduce M&V costs.  Because of the large quantity of HVAC equipment, data logging and testing will be completed on a representative sample of the equipment and extrapolated for the remaining equipment.
• Operational parameters (temperature set points, setbacks, reset schedules, runtime, etc.) will be determined during the via short-term data logging conducted for a representative number of the existing equipment to verify the operating schedules.
• Baseline adjustment will only be required if the functionality or occupancy schedule of a facility change and the change results in the inability to use/implement the ECM control strategies.

M&V Performance Assurance Activities
• Verify installation of control hardware.
• Verify that spaces are achieving desired heating and cooling set points.
• Perform a post installation short term metering and use the EMCS trending data during the performance period to demonstrate energy savings.  
• Annual review of EMCS trend logs to validate ECM performance.
• Obtain Department of VA approval of all performance and operational parameters shown in the baseline and post-installation parameter value tables.
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M&V Option:	A
This ECM involves the installation of NEMA premium efficiency motors over standard efficiency motors.
M&V Plan Description
Option A protocol will be used to quantify the energy consumption savings associated with premium efficiency motors. 

M&V Option Selection Rationale
• Installation of premium efficiency motors is a simple ECM with savings that vary on improved efficiency, run hours and motor kW.  
• Option A protocol is recommended for verification of the performance this ECM. Savings will be based on kW reduction by installing a more efficient motor.

M&V Plan Performance and Operational Parameters
	Parameter
	Period
	Population
	Measurement

	Motor Power Information

	Performance
	Baseline
	Collect Nameplate Data on All Motors, measure kW
	Spot & Short Term Metering

	Performance
	Commissioning
	Collect Nameplate Data on All Motors, measure kW
	Spot & Short Term Metering

	Performance
	Performance Period
	Based on Commissioning
	None

	Motor Runtime (hrs.)

	Operation
	Baseline
	20%  (Focus on large Motors >20hp)
	Short Term Metering

	Operation
	Commissioning
	20%  (Focus on large Motors >20hp)
	Short Term Metering

	Operation
	Performance Period
	Based on Commissioning
	None

	Motor Load

	Operation
	Baseline
	20%  (Focus on large Motors >20hp)
	Short Term Metering

	Operation
	Commissioning
	20%  (Focus on large Motors >20hp)
	Short Term Metering

	Operation
	Performance Period
	Based on Commissioning
	None


• The only performance parameter to be collected is motor kW.  This short term measurement will be completed during the baseline development and commissioning.  Performance period savings is based on information collected during commissioning.  It is crucial that the kW measurement be measured during the same load conditions or normalized for motor load.  It is also recommended to re-sheave the motors to prevent the operating speed from increasing.
• Operational parameters (runtime and load) will be determined during the via short-term data logging conducted for a representative number of the existing motors during the baseline development and commissioning.  It is also recommended to perform short term metering on large motors with relatively constant loads.  This will allow for a more realistic representative motor load.  The smaller remaining motors will be based on agreed upon run hours and load based on past operational experience from site technicians.  The performance period savings will be based on commissioned findings.  

M&V Performance Assurance Activities
• Verify installation of NEMA Premium Efficiency Motors.
• Verify electric motor load and runtime during commissioning.
• Use measured kW to verify savings.
• Obtain Department of VA approval of all performance and operational parameters shown in the baseline and post-installation parameter value tables.
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M&V Option:	D
This ECM involves the installation of Variable Air Volume air handlers with VAV terminals over constant volume air handlers.  VAV saves energy by reducing the volume of air being supplied to the space.  This not only reduces fan power but it also saves heating and cooling energy by reducing the amount of air to be conditioned.  
M&V Plan Description
Option D protocol will be used to quantify the energy consumption savings associated with Variable Air Volume Measures.  Option D is recommended due to the interactions between HVAC equipment and building loads. 


M&V Option Selection Rationale
• VAV savings varies based on many parameters including existing equipment efficiency, cooling load, heating load, part-load HVAC performance, and run hours.  Due to the multiple interactions between HVAC equipment and building load it is recommended to perform an energy analysis model that conforms to ASHRAE Appendix G requirements. 

M&V Plan Performance and Operational Parameters
	Parameter
	Period
	Population
	Measurement

	Fan Power (kW) (Runtime based on Measurements)

	Performance
	Baseline
	20%  (Focus on larger AHUs)
	Short Term Metering

	Performance
	Commissioning
	20%  (Focus on larger AHUs)
	Short Term Metering

	Performance
	Performance Period
	10% Rotating Among AHUs
	Short Term Metering

	Fan Flow (CFM) (or based on Speed)

	Performance
	Baseline
	20%  (Focus on larger AHUs)
	Short Term Metering

	Performance
	Commissioning
	20%  (Focus on larger AHUs)
	Short Term Metering

	Performance
	Performance Period
	10% Rotating Among equipment
	Short Term Metering

	Supply and Return Air Temperature (°F)

	Performance
	Baseline
	20%  (Focus on larger AHUs)
	Short Term Metering

	Performance
	Commissioning
	20%  (Focus on larger AHUs)
	Short Term Metering

	Performance
	Performance Period
	10% Rotating Among equipment
	Short Term Metering


• Performance parameters including fan power, fan flow, and collected AHU temperatures will determine the amount of fan power, cooling energy, and heating energy required for the baseline, commissioned, and ongoing performance of the HVAC system.  These will be collected via short term data logging.  This collected data will be used to verify modeled savings.  This is best accomplished by comparing daily output files from the model to collected measured data.  The performance parameter will be collected yearly and rotated through all air handlers to verify proper operation of VAV AHUs through the life of the contract.  Direct CFM measurements are difficult to perform but the flow could be based on the fan curves and the measured speed of the drive. 
• Operational parameters (runtime) will be verified by measuring the fan kW.  This short-term data logging conducted for a representative number of the existing AHUs to verify runtime during the baseline development and commissioning.  This data will be used to verify AHU modeled operation.  The performance period savings will be based on commissioned findings.  

M&V Performance Assurance Activities
• Verify installation of VFD, VAV boxes, and controls.
• Verify part-load cooling and heating performance with collected AHU airflow and the difference in temperature between return air temperature and supply air temperature.  Reheat requirements are verified by the overall air flow, and the difference between supply air temperature and room temperature.
• Verify improved part-load performance of fan based on measured fan power.
• Obtain Department of VA approval of all performance and operational parameters shown in the baseline and post-installation parameter value tables.

[bookmark: _Toc203545573]ECM:			Variable Speed Pumping
M&V Option:	B
This energy conservation measure involves the addition of VFDs to variable pumping systems.  Savings are found from improved part-load pumping efficiencies.
M&V Plan Description
Option B protocol will be used to quantify the energy consumption savings associated with variable speed pumping.  Option B is recommended due to the low number of parameters to be collected. 


M&V Option Selection Rationale
• Variable speed drives on pumps is a standard ECM with demonstrated savings.  However, each system is slightly different and savings varies based on system design, existing controls, proposed controls, and system requirements.   Savings will be determined from the reduced post condition kW by speed reduction and by applying the logged run hours.  
• Option B protocol is recommended for verification of the performance of this ECM. 

M&V Plan Performance and Operational Parameters
	Parameter
	Period
	Population
	Measurement

	Pump Power (kW) (Runtime based on Measurement)

	Performance
	Baseline
	100%  on Pumps larger than 20hp
	Short Term Metering

	Performance
	Commissioning
	100% on Pumps larger than 20hp
	Short Term Metering

	Performance
	Performance Period
	20% Rotating Among Pumps over 20hp 
	Short Term Metering

	Pump Flow (GPM)

	Operation
	Baseline
	100%  on Pumps larger than 20hp 
	Short Term Metering or based on Pump Curves

	Operation
	Commissioning
	100% on Pumps larger than 20hp
	Short Term Metering or based on Pump Curves

	Operation
	Performance Period
	Based on Commissioning 
	None

	Pump Discharge Pressure (PSIG)

	Operation
	Baseline
	100%  on Pumps larger than 20hp
	Short Term Metering

	Operation
	Commissioning
	100% on Pumps larger than 20hp
	Short Term Metering

	Operation
	Performance Period
	Based on commissioning 
	None


• Performance parameters include pump power during the baseline development, commissioning, and during the performance period.  It is recommended to perform short term metering and rotate through a small percentage of the pumps each year during the performance period. Pump and fan power may vary based on load, therefore it is recommended to normalize pump power based on load with a regression analysis correlated to outside temperature or other relevant factors.
• Operational parameters (runtime, flow, and pump discharge pressure) will be determined during the via short-term data logging conducted for a representative number of the existing pumps to verify runtime, flow, and that a constant discharge pressure is being maintained during the baseline development and commissioning.  It is recommended to record pump flow directly through flow sensors, however this is not always a viable option.  If flow is not measured it is recommended to base flow off the pump curves.  Pump Power needs to be normalized with flow requirements using a regression analysis.  The performance period savings will be based on commissioned findings.  A constant discharge pressure demonstrates that the system requirements are being meet and that the VFD is operating as intended.

M&V Performance Assurance Activities
• Verify installation of VFD and controls
• Perform a post-installation review of system operation with short term metering on pump power, runtime, and discharge pressure.  
• Obtain Department of VA approval of all performance and operational parameters shown in the baseline and post-installation parameter value tables.
[bookmark: _Toc203545574]ECM:			Steam Trap Replacement
M&V Option:	B
This energy conservation measure proposes replacing all failed steam traps.  This will improve return water quantity and temperature which will reduce boiler consumption and water treatment chemicals for make-up water.
M&V Plan Description
Option B protocol will be used to quantify the energy consumption savings associated steam trap replacement.

M&V Option Selection Rationale
• This measure is detailed with multiple measurements and calculations required to verify savings.  It is recommended to perform a routine steam trap assessment to verify savings are being maintained.  
• Option B protocol is recommended for verification of the performance of this ECM. 

M&V Plan Performance and Operational Parameters
	Parameter
	Period
	Population
	Measurement

	Steam Trap Assessment

	Performance
	Baseline
	Entire Facility
	Thermograph/Ultrasonic

	Performance
	Commissioning
	Entire Facility
	Thermograph/Ultrasonic

	Performance
	Performance Period
	20% Rotating
	Thermograph/Ultrasonic

	Steam Pressure and Orifice Size

	Performance
	Baseline
	For all Traps Failed
	Spot Measurement

	Performance
	Commissioning
	For all Traps Failed
	Spot Measurement

	Performance
	Performance Period
	For all Traps Failed
	Spot Measurement

	Steam Trap Operation

	Operation
	Baseline
	Entire Facility
	Hours based on Boiler Logs

	Operation
	Commissioning
	Based on Baseline
	None

	Operation
	Performance Period
	Based on Baseline
	None


• Performance parameters include a steam trap assessment of the entire facility.  This will identify the failed traps.  Once the failed traps have been identified the steam pressure and orifice size will be required information in order to calculate losses.  This will be done during the baseline development, commissioning, and performance period with 20% of the steam traps being assessed every year and rotated.
• The only operational parameter to be collected is hours of operation of the boilers.  This should be an average run time of the boilers that serve the steam traps.  Typically the hours of operation are the same for the entire facility excluding areas such as laundry, cafeteria, and other service steam loads that run throughout the year. Where separate steam systems exist, steam trap savings will be calculated at the system level.

M&V Performance Assurance Activities
• Verify failed traps have been replaced with proper replacement.  
• Verify savings through calculated losses by verifying trap orifice size and steam pressure.  
• Obtain Department of VA approval of all stipulated performance and operational parameters shown in the baseline and post-installation parameter value tables.
[bookmark: _Toc203545575]ECM:			Distributed High Efficiency Boilers
M&V Option:	C
This energy conservation measure proposes switching from a central steam plant to disturbed high efficiency boilers.   Savings are found from reduced distribution losses and improved boiler efficiency.
M&V Plan Description
Option C protocol will be used to quantify the energy consumption savings associated with distributed high efficiency boilers.

M&V Option Selection Rationale
• By replacing the facility's entire heating plant with high efficiency distributed boilers, the representative gas bills should be sufficient in verifying savings.   This change should affect the majority of the site heating loads excluding areas with existing distributed boilers.  
• Option C protocol is recommended for verification of the performance of this ECM. 

M&V Plan Performance and Operational Parameters
	Parameter
	Period
	Population
	Measurement

	Boiler Combustion Efficiency

	Performance
	Baseline
	All Boilers
	Spot Check

	Performance
	Commissioning
	All Boilers
	Spot Check

	Performance
	Performance Period
	All Boilers
	Spot Check

	Metered Gas Consumption

	Operation
	Baseline
	Entire Facility
	Metered Utility Data

	Operation
	Commissioning
	Entire Facility
	Metered Utility Data

	Operation
	Performance Period
	Entire Facility 
	Metered Utility Data


• Performance parameters include the performance of a combustion efficiency test on all boilers during baseline development, commissioning, and during the performance period.  It is recommended to perform a combustion efficiency test on a smaller portion (10%) of the boilers each year and rotate the testing each year to verify combustion efficiency for all boilers by the end of the contract.  Additional water savings may be applied if the distribution losses are proven to be significant.  If viable the water savings associated with this measure should be identified and tracked during the baseline development and commissioning period.
• Gas metering will be collected during the baseline, commissioning, and performance building.  Savings will be based on utility data.  A utility data analysis will need to be performed that accounts for local weather with regression analysis.  This will require one to three years gas bills plus monthly heating degree days for the same period.  This methodology will include savings from reduced distribution losses and from the improved boiler efficiency.  Combustion efficiency is spot checked to verify all boilers are operating at maximum potential.
• Regression analysis procedures as described in ASHRAE Guideline 14 are recommended. 

M&V Performance Assurance Activities
• Verify installation of high efficiency distributed boilers.  
• Verify boilers are operating as intended via combustion efficiency tests.  
• Savings should easily be verified through utility data analysis.  
• Obtain Department of VA approval of all stipulated performance and operational parameters shown in the baseline and post-installation parameter value tables.
[bookmark: _Toc203545576]ECM:			Improve Existing Boiler Efficiency
M&V Option:	B 
This energy conservation measure proposes installing improve combustion controls, boiler economizer, burner upgrades, and draft controls to improve boiler operating efficiency.  Only select measures will be implemented based on performance savings.  
M&V Plan Description
Option B protocol will be used to quantify the energy consumption savings associated with improved boiler controls and efficiency.  Option B will be used during the performance period of the contract. 

M&V Option Selection Rationale
• The overall savings associated with this measure can be quantified by measuring the efficiency of the retrofit boilers with improved controls.  The heating load is to be normalized with HDD data; however it is also recommended to measure boiler run time to verify savings during baseline development and commissioning.  Steam efficiency needs to be collected per standard engineering requirements.
• Option B protocol is recommended for ongoing verification of the performance this ECM. 

M&V Plan Performance and Operational Parameters
	Parameter
	Period
	Population
	Measurement

	Steam Efficiency

	Performance
	Baseline
	20%  (Focus on large Boilers)
	Spot Check

	Performance
	Commissioning
	20%  (Focus on larger Boilers)
	Spot Check

	Performance
	Performance Period
	10% Rotating Among Boilers
	Spot Check

	Metered Gas Consumption

	Operation
	Baseline
	20% (Focus on larger boilers with large loads)
	Sub Metering

	Operation
	Commissioning
	20% (Focus on larger boilers with large loads)
	Sub Metering

	Operation
	Performance Period
	20% (Focus on larger boilers with large loads)
	Sub Metering


• Performance parameters include the spot measurement of steam efficiency which is the overall efficiency of the boiler.  Steam efficiency needs to be performed during the baseline development, commissioning, and during the performance period.   It is also recommended to install oxygen analyzers that collect and trend combustion efficiency of the boilers.  The boiler load will be normalized using a regression analysis and monthly HDD.  
• It is recommended to install or use an existing sub meter to develop the baseline, commissioning, and performance period savings.  The savings will need to be normalized with local weather data and changes in operation or internal loads.  If metered gas consumption cannot be collected is recommended to collect boiler run time. 

M&V Performance Assurance Activities
• Verify installation of boiler upgrades.
• Perform steam efficiency spot checks on boilers to ensure efficiency ratings have improved.
• Perform long term logging on boiler runtime to verify steam efficiency is reducing boiler runtime.  
[bookmark: _Toc203545577]• Obtain Department of VA approval of all stipulated performance and operational parameters shown in the baseline and post-installation parameter value tables.
ECM:			Steam/Hot Water/Chilled Water Equipment Replacement
M&V Option:	D
This energy conservation measure proposes replacing existing central plant equipment with more efficient equipment and controls. 
M&V Plan Description
Option D protocol will be used to quantify the energy consumption savings associated with improved plant efficiency.  Option D will be used during the performance period of the contract. 

M&V Option Selection Rationale
• The overall savings associated with this measure can be easily quantified by measuring the efficiency of the installed equipment and runtime.  The efficiency and runtime will be used to determine savings within the energy model that meets the requirements of ASHRAE Appendix G.  
• Option D protocol is recommended for ongoing verification of the performance this ECM. 

M&V Plan Performance and Operational Parameters
	Parameter
	Period
	Population
	Measurement

	Overall Plant Efficiency (At Varying Loads to verify

	Performance
	Baseline
	20%  (Focus on large Heating/Cooling Equipment)
	Spot Check

	Performance
	Commissioning
	20%  (Focus on larger Heating/Cooling Equipment)
	Spot Check

	Performance
	Performance Period
	10% Rotating Among Equipment
	Spot Check

	Metered Electrical/Gas Consumption

	Operation
	Baseline
	20% (Focus on larger equipment with large loads)
	Sub Metering

	Operation
	Commissioning
	20% (Focus on larger equipment with large loads)
	Sub Metering

	Operation
	Performance Period
	20% (Focus on larger equipment with large loads)
	Sub Metering


• Performance parameters include the spot measurement of plant efficiency.  For chillers this is KW/ton and for boilers this is steam efficiency.  Plant efficiency should be recorded during the baseline development, commissioning and the performance period.  The measured efficiency will need to be normalized for load and weather and used within the model to estimate savings.  
• It is recommended to install sub meters on new plant equipment.  This collected data should be normalized with weather and internal loads.  The sub metering data could be used to calculate savings, however if a model is created it should be compared with energy usage outputs for verification of savings.   Metered data should also demonstrate equipment runtime.
• The model will ultimately predict energy savings.  It is recommended that the energy model be calibrated with past utility data and spot-measurements.  The recorded data will be used as inputs into the model.  

M&V Performance Assurance Activities
• Verify installation of new plant equipment and efficiency.
• Perform efficiency spot checks on equipment to ensure efficiency has improved.
• Perform long term logging on plant runtime to verify reduced operating hours.  
• Obtain Department of VA approval of all stipulated performance and operational parameters shown in the baseline and post-installation parameter value tables.

[bookmark: _Toc203545578]
ECM:			Renewable Generation
M&V Option:	B 
This energy conservation measure proposes installing a renewable energy source to produce site energy.  This M&V plan includes renewable energy measures that produce electric power such as biodiesel, biomass, Photovoltaic, and Wind Power.  These are independent measures that offset current facility energy consumption.
M&V Plan Description
Option B protocol will be used to quantify the energy consumption savings associated with renewable energy. 

M&V Option Selection Rationale
• The overall savings associated with this measure can be easily quantified by measuring the generated (electrical) power from the renewable source.  Typically the renewable energy is sub metered for net metering purposes.
• Option B protocol is recommended for ongoing verification of the performance this ECM. 

M&V Plan Performance and Operational Parameters
	Parameter
	Period
	Population
	Measurement

	Generated kW and kWh (Run Hours based on Measurement)

	Performance/Operation
	Baseline
	Entire Renewable Generation
	Metered Data

	Performance/Operation
	Commissioning
	Entire Renewable Generation
	Metered Data

	Performance/Operation
	Performance Period
	Entire Renewable Generation
	Metered Data


• Performance parameters include the measurement of generated power form the renewable source.  This is typically sub-metered and should be verified by utility data.  This will be accomplished during the baseline, commissioning, and throughout the performance period.  A utility data analysis will be completed each year to verify generated savings.  
• By collecting the proper the utility data the runtime will also be verified through metered data.  This will accomplished during baseline development, commissioning, and the performance period.  

M&V Performance Assurance Activities
• Verify installation of renewable energy system.
• Sub meter the renewable energy source to verify energy production and savings.
[bookmark: _Toc203545579]• Obtain Department of VA approval of all stipulated performance and operational parameters shown in the baseline and post-installation parameter value tables.
ECM:			Renewable Offset
M&V Option:	D
This energy conservation measure proposes installing a renewable energy source to offset current energy consumption.  This includes solar thermal, ground-source heat pumps, and other renewable energies that offset equipment runtime and improve efficiency. .  
M&V Plan Description
Option D protocol will be used to quantify the energy consumption savings associated with renewable energy.  Option D will be used during the performance period of the contract. 

M&V Option Selection Rationale
• The overall savings associated with this measure vary based on load, weather conditions, existing equipment type, efficiencies, and controls.  It is recommended to use an energy model that meets the requirements of ASHRAE Appendix G to analyze the savings from installing renewable energies that improve equipment efficiency.  
• Option D protocol is recommended for ongoing verification of the performance this ECM. 

M&V Plan Performance and Operational Parameters
	Parameter
	Period
	Population
	Measurement

	Plant Efficiency

	Performance
	Baseline
	Renewable Source
	Short Term Metering

	Performance
	Commissioning
	Renewable  Source
	Short Term Metering

	Performance
	Performance Period
	Renewable  Source
	Short Term Metering

	Equipment Run time (hrs.)

	Operation
	Baseline
	Renewable Source
	Short Term Metering

	Operation
	Commissioning
	Renewable  Source
	Short Term Metering

	Operation
	Performance Period
	Renewable  Source
	Short Term Metering


• Performance parameters include the measurement of equipment efficiency or output.  Measurements will be normalized with load and weather.  Equipment efficiency or output will be determined during the baseline development, commissioning, and performance period.  The measured data will be used as inputs for the energy model.  The energy model needs to be tuned to past utility data to verify it is calibrated.  
• The operating parameters include runtime which will be collected during the baseline development, commissioning, and performance period.  This measurement should be compared to the modeled output files to verify that the equipment runtime has been reduced.  

M&V Performance Assurance Activities
• Verify installation of the renewable energy system.
• Sub-meter the renewable energy source to verify energy production and savings if practical.
[bookmark: _Toc203545580]• Obtain Department of VA approval of all stipulated performance and operational parameters shown in the baseline and post-installation parameter value tables.
ECM:			Heat Recovery System (HRUs)
M&V Option:	D
This ECM involves the installation of heat recovery units on existing AHUs to reduce HVAC heating and cooling energy.  There are a variety of options of heat recovery units; however the M&V approach is similar for all types.  
M&V Plan Description
Option D protocol will be used to quantify the energy consumption savings associated with Heat Recovery Units.  Option D is recommended due to the interactions between HVAC equipment and building loads. 


M&V Option Selection Rationale
• Heat Recovery effectiveness varies based on air flow and temperature differences.  Air temperature and airflow varies throughout the year depending on the building conditioning demand and outside air conditions.  Due to the multiple interactions between HVAC equipment and building load it is recommended to perform an energy analysis model that conforms to ASHRAE Appendix G requirements. 

M&V Plan Performance and Operational Parameters
	Parameter
	Period
	Population
	Measurement

	Supply Air Enthalpy Pre and Post Heat Recovery

	Performance
	Baseline
	50% of HRUs
	Short Term Metering

	Performance
	Commissioning
	50% of HRUs
	Short Term Metering

	Performance
	Performance Period
	20% of HRUs (Rotating)
	Short Term Metering

	Exhaust Air Enthalpy Pre and Post Heat Recovery

	Performance
	Baseline
	50% of HRUs
	Short Term Metering

	Performance
	Commissioning
	50% of HRUs
	Short Term Metering

	Performance
	Performance Period
	20% of HRUs (Rotating)
	Short Term Metering

	Supply and Exhaust Air Flow

	Performance
	Baseline
	50% of HRUs
	Short Term Metering

	Performance
	Commissioning
	50% of HRUs
	Short Term Metering

	Performance
	Performance Period
	20% of HRUs (Rotating)
	Short Term Metering

	Equipment Run time (hrs.)

	Operation
	Baseline
	50% of HRUs
	Long Term Metering

	Operation
	Commissioning
	50% of HRUs
	Long Term Metering

	Operation
	Performance Period
	20% of HRUs (Rotating)
	Long Term Metering


• Performance parameters including fan flow, supply enthalpy difference, and exhaust enthalpy difference across the heat exchanger.  These values will determine HRU effectiveness which will be a key parameter used in the energy model.  These will be collected via short term data logging.  This collected data will be used to verify modeled savings.  This is best accomplished by comparing daily output files from the model to collected measured data.  The performance parameter will be collected yearly and rotated through all HRUs to verify proper operation.  Direct CFM measurements are difficult to perform but the flow could be based on the fan curves and the measured speed of the drive. 
• Operational parameters (runtime) will be verified by measuring AHU runtime.  This short-term data logging conducted for a representative number of the existing AHUs to verify runtime during the baseline development and commissioning.  This data will be used to verify modeled operation.  The performance period savings will be based on a smaller percentage of HRUs and rotated through all HRUs through the life of the contract. 

M&V Performance Assurance Activities
• Verify installation of Heat Recovery Unit, Controls, and Programming.
• Verify heat exchanger effectiveness that is used to model heat exchanger performance within the energy model.
• Verify operation of the HRU through logged data.
[bookmark: _Toc203545581]• Obtain Department of VA approval of all performance and operational parameters shown in the baseline and post-installation parameter value tables.
ECM:			Thermal Energy Storage (TES)
M&V Option:	C
This energy conservation measure proposes installing Thermal Energy Storage to reduce peak demand charge. 
M&V Plan Description
Option C protocol will be used to quantify the demand cost reductions associated with TES.

M&V Option Selection Rationale
• The overall cost savings associated with this measure can be easily quantified by performing a utility bill analysis and verifying the monthly peak demand reduction.  This measure is typically only for facilities that have an on-peak and off-peak demand charge which takes advantage of the lower peak demand charge at night while operating the TES during the day. 
• Option C protocol is recommended for ongoing verification of the performance this ECM. 

M&V Plan Performance and Operational Parameters
	Parameter
	Period
	Population
	Measurement

	Reduced kW

	Performance/Operation
	Baseline
	Thermal Energy Storage System
	Metered Data

	Performance/Operation
	Commissioning
	Thermal Energy Storage System
	Metered Data

	Performance/Operation
	Performance Period
	Thermal Energy Storage System
	Metered Data


• Performance parameters include the reduced monthly reduction of peak demand during the on-peak demand charge.  This should be verified through a utility bill analysis of monthly peak demand.  This will be accomplished during the baseline, commissioning, and throughout the performance period.  
• By collecting the proper utility data, the runtime will also be verified through metered data.  This will accomplished during baseline development, commissioning, and the performance period.  

M&V Performance Assurance Activities
• Verify installation of TES.
• Savings are based and verified from actual utility data.
[bookmark: _Toc203545582]• Obtain Department of VA approval of all stipulated performance and operational parameters shown in the baseline and post-installation parameter value tables.
ECM:			Air Compressor and Vacuum Pump Improvements
M&V Option:	B 
This energy conservation measure proposes improving the operation and efficiency of the air compressors and vacuum pumps at the facility.  Only select measures will be implemented based on performance savings.  
M&V Plan Description
Option B protocol will be used to quantify the energy consumption savings associated with improved compressor/vacuum controls, system upgrades, and efficiency.  Option B will be used during the performance period of the contract. 
M&V Option Selection Rationale

• The overall savings associated with this measure can be quantified by measuring the efficiency of the retrofit compressors/vacuums with improved controls, improved system upgrades, and higher efficiency ratings.  
• Option B protocol is recommended for ongoing verification of the performance of this ECM. 

M&V Plan Performance and Operational Parameters
	Parameter
	Period
	Population
	Measurement

	Compressor/Vacuum Pump kW

	Performance
	Baseline
	All Compressors/Vacuum Pumps above 20hp
	Short Term Metering

	Performance
	Commissioning
	All Compressors/Vacuum Pumps above 20hp
	Short Term Metering

	Performance
	Performance Period
	All Compressors/Vacuum Pumps above 20hp
	Short Term Metering

	Compressor/Vacuum Pump (Maintained Vacuum or Pressure)

	Performance
	Baseline
	All Compressors/Vacuum Pumps above 20hp
	Spot Check

	Performance
	Commissioning
	All Compressors/Vacuum Pumps above 20hp
	Spot Check

	Performance
	Performance Period
	All Compressors/Vacuum Pumps above 20hp
	Spot Check

	Runtime

	Operation
	Baseline
	All Compressors/Vacuum Pumps above 20hp
	Short Term Metering

	Operation
	Commissioning
	All Compressors/Vacuum Pumps above 20hp
	Short Term Metering

	Operation
	Performance Period
	All Compressors/Vacuum Pumps above 20hp
	Short Term Metering


• Performance parameters includes short term data logging of the compressor kW to verify efficiency improvements.  It is also recommended to spot check the vacuum level and compressor storage pressure to verify that the system is maintaining required set points as desired.  These measurements will be taken during the baseline development, commissioning, and performance period.   This M&V plan will need to verify that the vacuum pump or compressor is serving the same load; if the load varies it will need to be normalized within the analysis.
• The compressor/vacuum pump runtime will also be collected during baseline development, commissioning, and throughout the life of the contract.  This will demonstrate the reduced runtime with system upgrades and improved controls.

M&V Performance Assurance Activities
• Verify installation of upgraded compressor/vacuum, improved controls, and improved system upgrades.
• Perform measurements on kW for improved efficiency.
• Perform measurements on vacuum/pressure levels to verify maintained set points.  
[bookmark: _Toc203545583]• Obtain Department of VA approval of all stipulated performance and operational parameters shown in the baseline and post-installation parameter value tables.
ECM:			Replace Self Contained AC with Chilled Water
M&V Option:	D
This ECM involves the installation of either a centralized air system or fan coils to provide cooling to an existing area which is currently cooled with self contained AC.  Self Contained is not an efficient approach due to poor operating efficiencies and lack of system control or monitoring capabilities.
M&V Plan Description
Option D protocol will be used to quantify the energy consumption savings associated with removal of self contained AC units with chilled water or a central air system.  Option D is recommended due to the interactions between HVAC equipment and building loads. 


M&V Option Selection Rationale
• Savings varies based on many parameters including existing equipment efficiency, cooling load, heating load, part-load HVAC performance, and run hours.  Due to the multiple interactions between HVAC equipment and building load it is recommended to perform an energy analysis model that conforms to ASHRAE Appendix G requirements. 

M&V Plan Performance and Operational Parameters
	Parameter
	Period
	Population
	Measurement

	Unit Power 

	Performance
	Baseline
	All AC Units over 3 tons (kW)
	Short Term Metering

	Performance
	Commissioning
	All AC Units over 3 tons (Flow times Temperature Delta)
	Short Term Metering

	Performance
	Performance Period
	10% Rotating Among Units
	Short Term Metering

	Runtime

	Performance
	Baseline
	All AC Units over 3 tons 
	Short Term Metering

	Performance
	Commissioning
	All AC Units over 3 tons 
	Short Term Metering

	Performance
	Performance Period
	Based on Commissioning
	Short Term Metering


• Performance parameters include unit power.  This should be easy for the baseline development by measuring unit kW, however the commissioning may require flow and temperature difference to determine newly installed energy consumption.  It is also recommended to monitor a small portion of installed HVAC equipment to verify proper operation and rotate these measurements among equipment.  These will be collected via short term data logging.  This collected data will be used to verify modeled savings.  This is best accomplished by comparing daily output files from the model to collected measured data.  The performance parameter will be collected yearly and rotated through all air handlers to verify proper operation of the newly installed central air system or piped fan coil system.  Direct flow measurements are difficult to quantify but the flow could be based on the fan and pump curves and the measured speed of the drive. 
• Operational parameters (runtime) will be verified by measuring unit power.  This short-term data logging conducted for a representative number of the existing AHUs to verify runtime during the baseline development and commissioning.  This data will be used to verify AHU modeled operation.  The performance period savings will be based on commissioned findings.  

M&V Performance Assurance Activities
• Verify installation of new equipment and controls.
• Verify newly installed power requirements through either power measurements or room unit flow and temperature difference for rooms that have been upgraded above self contained air conditioning.
[bookmark: _Toc203545584]• Obtain Department of VA approval of all performance and operational parameters shown in the baseline and post-installation parameter value tables.
ECM:			Water Conservation Measures (WCMs)
M&V Option:	A
This measure involves the retrofit of water consuming devices controls and equipment.  This measure investigates the savings associated with installing waterless urinals, installing low-flow water closest, optical sensors on sinks, low flow showerheads, and improved irrigation watering techniques.

M&V Plan Description
Option A protocol will be used to quantify water savings. Measurements of water flow will be taken Pre- and Post-Installation. 

M&V Option Selection Rationale
Water usage per fixture can be measured and total water usage estimated using industry standards based on building occupancy.  Due to the large number of fixtures, extensive ongoing M&V is not recommended.   Performance and operational parameters can be mutually agreed upon and used to estimate annual savings, reducing the cost to verify the ECM’s performance.

M&V Plan Performance and Operational Parameters
	Parameter
	Period
	Population
	Measurement

	Water Usage per Measure

	Performance
	Baseline
	10% Precision with 90% Confidence
	Short Term Metering

	Performance
	Commissioning
	10% Precision with 90% Confidence
	Short Term Metering

	Performance
	Performance Period
	Verified at Commissioning
	None

	Runtime

	Operation
	Baseline
	20% Precision with 80% Confidence
	Short Term Metering

	Operation
	Commissioning
	 Measured during baseline period. 
	None

	Operation
	Performance Period
	Measured during baseline period.
	None


• Performance and operational parameters for this ECM will be determined using field survey information; customer provided historical water consumption records, and industry standards.
• Both the performance and operational parameters will be stipulated for this ECM. Baseline adjustment will not be required since operational parameters may be stipulated.

M&V Performance Assurance Activities
• Perform a one-time Post-installation sample set measurements of fixture water flow (GPM or GPF) if practical.
• Annually perform a visual inspection of a sample set of the installed water use fixtures in selected facilities to ensure the integrity of the devices in affected buildings and that the ECM still has the potential to perform.
• Obtain Veterans Affair approval of all stipulated performance and operational parameters shown.
[bookmark: _Toc203545585]ECM:			Cooling Tower Water Meter
M&V Option:	C
This energy conservation measure proposes installing a separate meter on the supply make-up water for central plant cooling towers. 
M&V Plan Description
Option C protocol will be used to quantify the demand cost reductions associated with an individual water meter. 

M&V Option Selection Rationale
• The overall cost savings associated with this measure can be easily quantified by performing a utility bill analysis and verifying the reduced sewer charge due to metering the makeup water to the cooling towers.  Makeup water to the cooling tower is lost due to the evaporative effects of the cooling tower.  This measure is typically only for facilities that a large central plant with centralized cooling towers. 
• Option C protocol is recommended for ongoing verification of the performance this ECM. 

M&V Plan Performance and Operational Parameters
	Parameter
	Period
	Population
	Measurement

	Reduced Sewer Charge

	Performance/Operation
	Baseline
	Cooling Tower Meter
	Metered Data

	Performance/Operation
	Commissioning
	Cooling Tower Meter
	Metered Data

	Performance/Operation
	Performance Period
	Cooling Tower Meter
	Metered Data


• Performance parameters include the verification of reduced sewer charge based on the cooling tower meter.  This should be verified through a utility bill analysis of reduced sewer charge.  This will be accomplished during the baseline, commissioning, and throughout the performance period.  
• By collecting the proper utility data, the runtime will also be verified through metered data.  This will accomplished during baseline development, commissioning, and the performance period.  

M&V Performance Assurance Activities
• Verify installation of cooling tower makeup water meter.
• Savings are based and verified from actual utility data.
[bookmark: _Toc203545586]• Obtain Department of VA approval of all stipulated performance and operational parameters shown in the baseline and post-installation parameter value tables.
ECM:			Retro Commissioning
M&V Option:	D
This ECM involves a re-commissioning of the site.  Retro commissioning typical includes the savings associated with repair, extension, and upgrades to the existing operating controls at the facility.  
M&V Plan Description
Option D protocol will be used to quantify the energy consumption savings associated with the retro commissioning of the Option D is recommended due to the interactions between HVAC equipment and building loads. 


M&V Option Selection Rationale
• Savings varies based on many parameters including operation, efficiencies, working controls, malfunctioned controls, set points, etc….  Due to the multiple interactions between HVAC equipment and building load it is recommended to perform an energy analysis model that conforms to ASHRAE Appendix G requirements. 

M&V Plan Performance and Operational Parameters
	Parameter
	Period
	Population
	Measurement

	Space Set points

	Performance
	Baseline
	All Spaces
	Short Term Metering

	Performance
	Commissioning
	All Spaces
	Through EMCS System

	Performance
	Performance Period
	All Spaces
	Through EMCS System

	AHU Airflows and Supply Temperatures

	Performance
	Baseline
	All AHUs
	Short Term Metering

	Performance
	Commissioning
	All AHUs
	Through EMCS System

	Performance
	Performance Period
	All AHUs
	Through EMCS System

	Equipment Runtime

	Operation
	Baseline
	Key Equipment 
	Short Term Metering

	Operation
	Commissioning
	Key Equipment
	Through EMCS System

	Operation
	Performance Period
	Key Equipment
	Through EMCS System


• Performance parameters include space set points, airflow, and supply temperatures.  Retro Commissioning improves the performance of the existing equipment.  These selected performance parameters will demonstrate most savings operational/performance sequences that generate savings.  It is recommended to verify the performance parameters through an EMCS system during the performance period.
• The only operational parameter is equipment runtime.  It is recommended to perform short term data logging during the baseline development and use the EMCS system during commissioning and performance period.  It is recommended to meter key equipment that will have the largest effect on savings.  It is recommended to continue measurements throughout the life of the contract to verify savings are being maintained.  

M&V Performance Assurance Activities
• Verify installation of new equipment and controls.
• Verify savings through measured power measurements.
• Obtain Department of VA approval of all performance and operational parameters shown in the baseline and post-installation parameter value tables.
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