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PLEASE READ THIS GUIDE BEFORE USING THE MEASUREMENT AND VERIFICATION PLAN TEMPLATE
ESPC ENABLE Measurement and Verification Plan Guide
Introduction: This document is a comprehensive measurement and verification (M&V) plan template for a proposed ESPC ENABLE project. This document is intended to serve the following purposes:

· Provide a foundation for an M&V plan for lighting; water; heating, ventilation, and cooling (HVAC) controls; HVAC equipment; and solar photovoltaic (PV) system retrofits utilizing a “best practice” approach, which considers risk allocation, engineering accuracy, and cost-effectiveness. This document constitutes a base that must be customized for individual applications.
· Reduce development and review times on individual projects.
· Provide M&V plans for ESPC ENABLE program ECMs that are in alignment with the requirements set forth in the FEMP ESPC ENABLE M&V Protocol and FEMP M&V guidelines, Version 3.0[footnoteRef:1] [1:  FEMP M&V Guideline V 3.0 available at 
 
http://www1.eere.energy.gov/femp/pdfs/mv_guidelines.pdf] 

· Provide and promote use of a consistent format for M&V Plans for Federal ESPC ENABLE projects

This document contains M&V plans for 5 measures using Option A at a fictitious federal office building. The ECMs include: 
· Lighting improvements measure – Option A
· Water conservation measure – Option A
· Simple HVAC controls – Option A
· HVAC Equipment – Option A
· Solar PV  – Option B

Instructions: The M&V approach outlined herein contains many specific parameters. The prescribed methodologies were developed with consideration for technical accuracy, cost effectiveness, and appropriate risk allocation.  The M&V Template begins on page 3 of this document.  Please remove this guide, pages 1-2, before using this template.

This draft plan is intended to be used as a starting point, and must be customized for each project. Portions of the plan contain suggested text as indicated by red font and may require modification. Please review the suggested text to ensure that it meets your agency specific requirements and project goals when using the suggested text in your M&V Plan.  [Red font with brackets] indicates text that must be modified to reflect ESCO, agency- or project-specific information.

In general the sample text provided should be reviewed to ensure that it is applicable to the project. In some locations, instructional text boxes are included to provide additional guidance. Text boxes may remain in the M&V plan or be removed at the ESCO’s or agency’s discretion. You should be sure to reformat this document to fit your particular agency’s formatting requirements for procurement documents.  
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Measurement and Verification Plan Template
for the [Insert Project or Site Name]
(Please format this document using agency-appropriate formatting for construction and procurement documents)


Provided in fulfillment of ENABLE ESPC requirements,
Task Order Number [Insert project TO Number]

By

[ESCO Name]


[Insert Date]





Project Contact Information

	Name
	[bookmark: _Toc382301214][bookmark: _Toc382301377][ESCO Contact Name]
	[bookmark: _Toc382301215][bookmark: _Toc382301378][Agency Contact Name]

	Title
	[bookmark: _Toc382301216][bookmark: _Toc382301379][Title]
	[bookmark: _Toc382301217][bookmark: _Toc382301380][Title]

	Organization
	[bookmark: _Toc382301218][bookmark: _Toc382301381][ESCO Name]
	[bookmark: _Toc382301219][bookmark: _Toc382301382][Agency Name]

	Address 1
	[bookmark: _Toc382301220][bookmark: _Toc382301383][Address 1]
	[bookmark: _Toc382301221][bookmark: _Toc382301384][Address 1]

	Address 2
	[bookmark: _Toc382301222][bookmark: _Toc382301385][Address 2]
	[bookmark: _Toc382301223][bookmark: _Toc382301386][Address 2]

	City, State, Zip
	[City, State, Zip]
	[bookmark: _Toc382301224][bookmark: _Toc382301387][City, State, Zip]

	Phone
	[bookmark: _Toc382301225][bookmark: _Toc382301388][Phone]
	[bookmark: _Toc382301226][bookmark: _Toc382301389][Phone]

	Fax
	[bookmark: _Toc382301227][bookmark: _Toc382301390][Fax]
	[bookmark: _Toc382301228][bookmark: _Toc382301391][Fax]

	Email
	[Email]
	[Email]
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1. [bookmark: _Toc382301392]m&v Overview 
1.1 [bookmark: _Toc227116175][bookmark: _Toc227142771][bookmark: _Toc238624075][bookmark: _Toc382301230][bookmark: _Toc382301393]M&V Plan Summary
[bookmark: ESCO_Name][ESCO Name] will perform measurement and verification (M&V) activities for each of the five ECMs in accordance with the ESPC ENABLE Program M&V Protocol v4.0[footnoteRef:2] in order to estimate the actual cost savings achieved in the project. The M&V plans for the five ECMs are described in Sections 3 through 7 of this document, and are summarized in Table 1-3.  [2:  http://energy.gov/sites/prod/files/2014/03/f10/enable_mvprotocol.docx ] 

[bookmark: _Toc37212669]Table 1-1: M&V Plan Summary
(remove ECM summaries not associated with scope of project, remove this note)
	ECM &
M&V option
	Summary of M&V plan

	Lighting: 

M&V Option: A
	Key Parameters
	Lighting fixture power consumption, operating hours, lighting levels.

	
	Baseline
	Measure a sample of fixture wattages in accordance with the ENABLE M&V Protocol. Determine operating hours through facility interviews and investigations. Baseline shall be generated using FEMP ENABLE IGA Tool

	
	Post- Installation
	Measure a sample of fixture wattages in accordance with the ENABLE M&V Protocol. Operating hours remain the same as baseline, except for adjustment due to implementation of lighting controls. Lighting controls (if applicable) are to be verified for on/off and/or dimming capability and timing.  

	
	Performance Period

	Annual visual inspection of a sample set of lighting fixtures and controls (if applicable) in selected facilities to ensure the integrity of the fixtures and controls (if applicable) and confirm that the ECM still has the potential to perform as specified.

	Water: 

M&V Option: A

	Key Parameters
	Fixture flow rate (gallons per minute or gallons per flush), occupant use profiles provided in FEMP ENABLE IGA Tool

	
	Baseline
	Measure a sample of fixture flow rates in accordance with the ENABLE M&V Protocol. Fixture use profiles are based upon U.S. Green Building Council and are defined in the FEMP ENABLE IGA Tool. Baseline shall be generated using FEMP ENABLE IGA Tool.

	
	Post- Installation
	Measure a sample of fixture flow rates in accordance with the ENABLE M&V Protocol.

	
	Performance Period

	Annual inspection of a sample set of the retrofitted fixtures in selected facilities to ensure the integrity of the fixtures and confirm that the ECM still has the potential to perform

	Simple HVAC Controls: 

M&V Option: A
	Key Parameters
	System efficiency, building parameters, current and proposed operating schedules

	
	Baseline
	Observations of schedules and set points, spot measurements of temperatures, [and/or other method] and reported operation from facility staff was used to establish baseline operation and conditions of HVAC equipment. Baseline shall be generated using FEMP ENABLE IGA Tool

	
	Post- Installation
	Verify that proposed equipment and strategy has been implemented and is operating as intended. Post installation savings is determined from the same baseline model modified for the approved schedules, set points, and design outdoor airflows.

	
	Performance Period
	Annual on‐site inspections of HVAC controls and equipment for ongoing verification that energy control strategies are in place and sustainable.



	HVAC Equipment: 

M&V Option: A
	Key Parameters
	System efficiency, building parameters, current and proposed operating schedules

	
	Baseline
	Observations of schedules and set points, spot measurements of temperatures, [and/or other method] and reported operation from facility staff was used to establish baseline operation and conditions of HVAC equipment. Baseline shall be generated using FEMP ENABLE IGA Tool

	
	Post- Installation
	Verify that proposed equipment and has been implemented and is operating as intended. Post installation savings is determined from the same baseline model modified for the new equipment and approved schedules, set points, and design outdoor airflows.

	
	Performance Period
	Annual on‐site inspections of HVAC equipment and controls for ongoing verification that equipment is operational and that energy control strategies are in place and that performance is sustainable.

	Solar PV: 

M&V Option: B
	Key Parameters
	System name plate DC rating, array tilt, array azimuth, DC to AC conversion efficiency, hours and intensity of solar radiation, annual kwh generation

	
	Baseline
	Baseline electrical energy is equivalent to the portion of the facility electrical load to be offset by the PV system electrical generation.  PV system generation shall be calculated using the FEMP ENABLE IGA Tool, which is linked with the NREL PVWatts tool.

	
	Post- Installation
	Verify that proposed PV system has been implemented and is operating as intended. Instantaneous array performance to be compared against designed system output through measurement of solar insolation, module temperature and inverter output. Post installation savings is determined from the same baseline calculation modified for the as-built condition of the PV system

	
	Performance Period
	Annual on‐site inspections of PV equipment for ongoing verification that system is in place, operational and that guaranteed electrical generation is sustainable.  Energy generation is continuously metered by the PV system’s revenue grade meter. All metered generation is reported as verified savings. 


2. [bookmark: _Toc382301394]
Whole Project Data / Global Assumptions
2.1 [bookmark: _Ref102381833][bookmark: _Ref102392075][bookmark: _Toc227116177][bookmark: _Toc227142773][bookmark: _Toc238624077][bookmark: _Toc382301232][bookmark: _Toc382301395]Energy and Water Rate Data
Table 2-1 lists the utility rates that are to be utilized with the FEMP IGA tool for calculation of the baseline energy costs and retrofit cost savings of the equipment within the scope of the proposed project.   
[bookmark: _Ref48964133]		Table 21: Rate Schedule
	Site: [Site Name #1]

		Utility Type
	Utility Provider
	Utility Unit Cost
	Unit

	Electricity
	[ABC Electric]
	$0.00
	$/kWh

	Electricity Demand
	[ABC Electric]
	$0.00
	$/kW

	Natural Gas
	[ABC Gas]
	$0.00
	$/Therm

	Fuel Oil #2
	[ABC Oil]
	$0.00
	$/gallon

	Propane
	[ABC Propane]
	$0.00
	$/gallon

	Water
	[ABC Water]
	$0.00
	$/kGal

	Sewer
	[ABC Water]
	$0.00
	$/kGal


(Duplicate tables as needed for multiple sites, eliminate utility types where not applicable)

[bookmark: _Ref145318689]Energy costs used to determine the value of the energy savings are based on the rates that the facility is paying as of [Insert date utility rate baselines were established]. The energy rates will be escalated to account both for inflation and for changes to the real price of energy using The Energy Escalation Rate Calculator (EERC)[footnoteRef:3] provided by the Federal Energy Management Program. The EERC computes an average annual escalation rate for fuel prices from the annual energy price forecasts of the DOE Energy Information Administration. Table 2.2 shows the escalation rates that were determined using the EERC. Future escalation rates for the cost of water will be escalated by 3% annually. If energy prices increase at a greater rate, then the agency will realize more savings than will be claimed. The agency also needs to realize that in the unlikely event that energy prices do not increase as predicted, the energy saved will still be valued at these rates.  [3:  http://www1.eere.energy.gov/femp/information/download_blcc.html#eerc ] 

Table 22: Projected Fuel Price Indices
	Electricity
	Fuel  Oil
	Natural Gas
	Water

	0.00
	0.00
	0.00
	3.00



2.2 [bookmark: _Toc227116178][bookmark: _Toc227142774][bookmark: _Toc238624078][bookmark: _Toc382301233][bookmark: _Toc382301396]Schedule and Reporting for Verification Activities 
Table 23: Schedule of Verification Reporting Activities
	Item
	Time of submission
	Agency’s review and acceptance period

	Post-Installation M&V and Cx Report
	By completion of 30 day equipment acceptance test period
	30 days

	Annual Report
	30 days after annual performance period or receipt of M&V checklist from Agency (where Agency assumes M&V role)
	30 days



[bookmark: _Toc203637948][bookmark: _Toc382301397]3.	ECM 1 — Lighting ImpROVEMENTS M&V PLAN AND SAVINGS CALCULATION METHODS
3. [bookmark: _Toc329851269][bookmark: _Toc329851661][bookmark: _Toc329851777][bookmark: _Toc329851827][bookmark: _Toc382301235][bookmark: _Toc382301398]
3.1 [bookmark: _Toc227116180][bookmark: _Toc227142776][bookmark: _Toc238624080][bookmark: _Toc382301236][bookmark: _Toc382301399]Overview of M&V Plan  
The M&V plan for the lighting efficiency retrofit at the [Agency/site] will follow FEMP M&V Option A. The Option A approach will be used to quantify energy consumption savings associated with the lighting equipment upgrades and annual verify that the measure continues to operate and perform as specified in the Final Proposal. 

The M&V Plan for this retrofit assumes: 
1. Lighting operating hours will be established before the retrofit.  Pre and post retrofit operating hours are the same the purpose of energy savings calculations, with the exception of adjustments for the implementation of lighting controls measures. 
2. Fixture powers before and after the retrofit will be measured.
3. Interactive effects on heating and cooling equipment from the lighting retrofit will be considered.
4. Lighting levels as a result of the lighting equipment retrofit will not be reduced below lighting  luminance levels as recommended by the Illuminating Engineering Society of North America (IESNA) 
An annual verification of the measure will be performed to document that equipment as specified in the Final Proposal remains in place.
3.2 [bookmark: _Toc227116181][bookmark: _Toc227142777][bookmark: _Toc238624081][bookmark: _Toc382301237][bookmark: _Toc382301400]Overview of Savings Calculations
3.2.1 [bookmark: _Toc227116182][bookmark: _Toc227142778][bookmark: _Toc238624082][bookmark: _Toc382301238][bookmark: _Toc382301401]Energy Baseline Development
The baseline energy consumption was documented through accurate accounting of all existing lighting equipment within the scope of the project during the IGA, which took place during [Insert date of IGA]. A room-by-room inventory of fixture counts, types, and circuits was made. Fixture powers were measured based on a sample of the most common fixture types. For less common fixture types, fixture power will be based on manufacturer’s data. A list of the inventory of all audited lighting equipment is provided in the appendices. 

[bookmark: _Toc190915635][bookmark: _Toc190915739][bookmark: _Toc191366636][bookmark: _Toc191447954][bookmark: _Toc194116941][bookmark: _Toc194119148][bookmark: _Toc194121429][bookmark: _Toc227116183][bookmark: _Toc227142779][bookmark: _Toc238624083][bookmark: _Toc382301239][bookmark: _Toc382301402]Fixture Power
During the lighting survey samples of the most common fixture types were measured to determine the fixture power under actual operating conditions. The measured fixture types represent more than 75% of the baseline-connected load. For the remaining fixture types that were not measured, fixture powers were taken from manufacturers’ specifications. The measurement parameters were based on the sample size methodology in the ENABLE M&V Protocol vP-3. The measurement results can be found in Table A1-1 in 08 Appendix A- Supporting M&V Data.

When the fixtures are replaced, power measurements will again be taken on a sample of fixtures that represent more than 75% of the new connected load in accordance with the ENABLE M&V Protocol vP-3. For the remaining fixture types that are not measured, fixture powers will be taken from manufacturers’ specifications.

[bookmark: _Toc190915636][bookmark: _Toc190915740][bookmark: _Toc191366637][bookmark: _Toc191447955][bookmark: _Toc194116942][bookmark: _Toc194119149][bookmark: _Toc194121430][bookmark: _Toc227116184][bookmark: _Toc227142780][bookmark: _Toc238624084][bookmark: _Toc382301240][bookmark: _Toc382301403]Usage Group Operating Hours
Typical lighting hours for facility spaces were obtained in interviews of [Agency/site] staff, categorized in “usage groups” and input into the FEMP IGA lighting tool. Each of the room-by-room equipment entries within the IGA tool are assigned an appropriate usage group representative of the number of hours that piece of equipment is expected to operate. In instances were lighting controls are deployed, the IGA tool adjusts the post-retrofit operating hours by a factor appropriate for the control technology. The established post-retrofit operating hours will be held constant as annual operating hours during the performance period. The Usage Group Codes utilized in the IGA tool can be found in Table A1-2 in 08 Appendix A- Supporting M&V Data.

3.2.2 [bookmark: _Toc227116185][bookmark: _Toc227142781][bookmark: _Toc238624085][bookmark: _Toc382301241][bookmark: _Toc382301404]Energy Savings Calculations and Methodology
After completion of the field survey [ESCO name] compiled the audit data, field measurements and operating hours data.  Utilizing the FEMP ENABLE IGA Tool, details of existing fixture types, quantities, wattages and operating hours were generated. Based on [ESCO name] retrofit strategy, proposed retrofit equipment is applied against the room-by-room equipment entries within the IGA tool. The IGA tool then calculates the energy and cost savings by comparing the baseline and post installation energy consumption at the designated energy rate with additional calculations for interactive HVAC savings and electric demand cost savings where applicable. 
3.3 [bookmark: _Toc227116187][bookmark: _Toc227142782][bookmark: _Toc238624086][bookmark: _Toc382301242][bookmark: _Toc382301405]Proposed Annual Savings for ECM 
A table detailing the baseline usage, post retrofit usage and proposed annual energy and cost savings for this ECM can be found in Table A1-3 in 08 Appendix A- Supporting M&V Data.
3.4 [bookmark: _Toc227116188][bookmark: _Toc227142783][bookmark: _Toc238624087][bookmark: _Toc382301243][bookmark: _Toc382301406]Post Installation and Performance Period Activities
Details of post installation and performance period activities are provide in Section 8 of this plan.
4. [bookmark: _Toc382301407]ECM 2 — Water Conservation M&V PLAN AND SAVINGS CALCULATION METHODS
4. [bookmark: _Toc227116190][bookmark: _Toc227142785][bookmark: _Toc238624089][bookmark: _Toc382301245][bookmark: _Toc382301408]Overview of M&V Plan
The M&V Plan for the water conservation upgrades at the [Agency/site] will follow FEMP M&V Option A. The Option A approach will be used to quantify the water and energy consumption savings associated with the water fixture upgrades and annual verify that the measure continues to operate and perform as specified in the Final Proposal. 

The M&V plan for this retrofit assumes: 
The usage profile for the water fixtures will be the same before and after the equipment retrofit for the purpose of water and energy savings calculations.
Fixture consumption before and after the retrofit will be measured.
Ancillary energy savings due to reductions in the heating of domestic hot water will be considered.
An annual verification of the measure will be performed to document that equipment as specified in the Final Proposal remains in place.
4.1 [bookmark: _Toc227116191][bookmark: _Toc227142786][bookmark: _Toc238624090][bookmark: _Toc382301246][bookmark: _Toc382301409]Overview of Savings Calculations
4.1.1 [bookmark: _Toc227116192][bookmark: _Toc227142787][bookmark: _Toc238624091][bookmark: _Toc382301247][bookmark: _Toc382301410]Energy Baseline Development
[bookmark: _Toc329851284][bookmark: _Toc329851676][bookmark: _Toc329851792][bookmark: _Toc329851842][bookmark: _Toc329851285][bookmark: _Toc329851677][bookmark: _Toc329851793][bookmark: _Toc329851843][bookmark: _Toc329851286][bookmark: _Toc329851678][bookmark: _Toc329851794][bookmark: _Toc329851844][bookmark: _Toc329851287][bookmark: _Toc329851679][bookmark: _Toc329851795][bookmark: _Toc329851845][bookmark: _Toc329851288][bookmark: _Toc329851680][bookmark: _Toc329851796][bookmark: _Toc329851846][bookmark: _Toc191366647][bookmark: _Toc191447965][bookmark: _Toc194116952][bookmark: _Toc194119159][bookmark: _Toc194121440][bookmark: _Toc203637779][bookmark: _Toc203637963]The baseline water consumption was documented through accurate accounting of all existing water fixtures within the scope of the project during an IGA, which tool place during [Insert date of IGA]. A room-by-room inventory of fixture counts and types was made. Fixture water flow rate was measured based on a sample of the most common fixture types. For less common fixture types, fixture water flow rate will be based on manufacturer’s data. A list of the inventory of all audited lighting equipment is provided in the appendices. 

[bookmark: _Toc227116193][bookmark: _Toc227142788][bookmark: _Toc238624092][bookmark: _Toc382301248][bookmark: _Toc382301411]Fixture Flow Rate
During the sanitary plumbing system survey, fixture types present in this facility were identified and baseline water flow was measured for a sample of each fixture type proposed for retrofit. The measurement parameters were based on the sample size methodology in the ENABLE M&V Protocol vP-3. The measurement results can be found in Table A2-1 in 08 Appendix A- Supporting M&V Data.

When the fixtures are replaced, flow rate measurements will again be taken on a sample of each fixture type in accordance with the ENABLE M&V Protocol vP-3.
[bookmark: _Toc191366648][bookmark: _Toc191447966][bookmark: _Toc194116953][bookmark: _Toc194119160][bookmark: _Toc194121441][bookmark: _Toc203637780][bookmark: _Toc203637964]
[bookmark: _Toc227116194][bookmark: _Toc227142789][bookmark: _Toc238624093][bookmark: _Toc382301249][bookmark: _Toc382301412]Usage Profiles
Water usage profiles (i.e. how many times an occupant would utilize a water based fixture per day) are defined within the FEMP ENABLE IGA Tool and are based upon U.S. Green Building Council guidelines. Occupancy data on the number of full time employees and transient staff and visitors was collected through interviews with facility managers and other site personnel of [Agency/site]. The FEMP audit tool utilizes occupancy data in combination with the usage profiles to calculate baseline usage and resulting water and energy savings. The occupancy and usage profiles will be held constant during the performance period. The usage profiles utilized by the IGA tool can be found in Table A2-2 in 08 Appendix A- Supporting M&V Data.

4.1.2 [bookmark: _Toc203637966][bookmark: _Toc227116195][bookmark: _Toc227142790][bookmark: _Toc238624094][bookmark: _Toc382301250][bookmark: _Toc382301413]Energy and Water Savings Calculations and Methodology
After completion of site IGA, [ESCO Name] compiled the audit and field measurements data.  Utilizing the FEMP ENABLE IGA tool, details of existing fixture types, quantities and flow rates were generated.  Based on [ESCO name] retrofit strategy, proposed retrofit equipment is applied against the room-by-room equipment entries within the IGA tool. The IGA tool then calculates the water, energy and cost savings by comparing the baseline and post installation energy consumption at the designated energy rate The FEMP audit tool also accounts for energy cost savings associated with the reduction in heating of domestic hot water by multiplying appropriate portions of the flow rate reductions for hot water consuming fixtures by an established hot water usage schedule and then by the approved energy costs. 
4.2 [bookmark: _Toc203637968][bookmark: _Toc227116197][bookmark: _Toc227142791][bookmark: _Toc238624095][bookmark: _Toc382301251][bookmark: _Toc382301414]Proposed Annual Savings for ECM 
A table detailing the baseline usage, post retrofit usage and proposed annual water and energy savings for this ECM can be found in Table A2-3 in 08 Appendix A- Supporting M&V Data.
4.3 [bookmark: _Toc227116198][bookmark: _Toc227142792][bookmark: _Toc238624096][bookmark: _Toc382301252][bookmark: _Toc382301415]Post Installation and Performance Period Activities
[bookmark: _Toc203637972][bookmark: _Toc203637973]Details of post installation and performance period activities are provide in Section 8 of this plan.

5. [bookmark: _Toc382301416][bookmark: _Toc329851298][bookmark: _Toc329851690][bookmark: _Toc329851806][bookmark: _Toc329851856]ECM 3 — Simple HVAC Controls M&V PLAN AND SAVINGS CALCULATION METHODS
5.1 [bookmark: _Toc227116200][bookmark: _Toc227142794][bookmark: _Toc238624098][bookmark: _Toc382301254][bookmark: _Toc382301417]Overview M&V Plan 
The M&V Plan for the HVAC upgrades at the [Agency/site] will follow FEMP M&V Option A. The Option A approach will be used to quantify the energy consumption savings associated with the HVAC controls upgrade and annually verify that the measure continues to operate and perform as specified in the Final Proposal. 

The M&V plan for this retrofit assumes:
· Building occupancy hours and number of occupants will be established before the retrofit. Pre and post retrofit operating hours are the same for the purpose of energy savings calculations.
· Existing space temperatures, set points and schedules will be documented before the retrofit. Post retrofit temperatures, set points and schedules are held constant during the performance period for the purpose of energy savings calculations. 
· An annual verification of the measure will be performed to document that temperatures, set points and schedules are as specified in the Final Proposal.
5.2 [bookmark: _Toc227116201][bookmark: _Toc227142795][bookmark: _Toc238624099][bookmark: _Toc382301255][bookmark: _Toc382301418]Overview of Savings Calculations 
5.2.1 [bookmark: _Toc203637974][bookmark: _Toc227116202][bookmark: _Toc227142796][bookmark: _Toc238624100][bookmark: _Toc382301256][bookmark: _Toc382301419]Energy Baseline Development
The baseline energy consumption was established through collection of baseline data parameters including:
· Existing space temperatures, set points and schedules
· Building geometry and envelope detail
· Efficiency of existing heating and cooling equipment 
· Occupancy hours, number of occupants and operating hours of equipment 
· Outside air ventilation levels 
· Identified operating issues and problems (from facility personnel)

The data collected is used within the FEMP ENABLE IGA Tool to generate baseline energy consumption for the HVAC equipment. A list of key input parameters for the IGA tool is found in table A3-1 in 08 Appendix A- Supporting M&V Data.

5.2.2 [bookmark: _Toc203637975][bookmark: _Toc227116203][bookmark: _Toc227142797][bookmark: _Toc238624101][bookmark: _Toc382301257][bookmark: _Toc382301420]Energy Savings Calculations and Methodology
[bookmark: _Toc203637976]After completion of the field survey [ESCO name] compiled the audit data into the FEMP IGA tool.  The HVAC Controls portion of the audit tool utilizes EnergyPlus, an hourly building simulation model to generate baseline and post-retrofit models of the facilities energy use. EnergyPlus essentially utilizes standard heat transfer equations to determine heating and cooling loads based on the heat loss or gain through the building envelope, the amount of outdoor air brought into the building, and any source of internal heat gain such as lighting or occupants. Based on [ESCO name]’s retrofit approach and agency input, a proposed control strategy is applied within the IGA tool. The IGA tool creates two models of the building’s energy use (pre and post retrofit), extracts the change in energy use between the two models and calculates cost savings based on the input costs for energy sources utilized at the facility.
5.3 [bookmark: _Toc203637977][bookmark: _Toc227116205][bookmark: _Toc227142798][bookmark: _Toc238624102][bookmark: _Toc382301258][bookmark: _Toc382301421]Proposed Annual Savings for ECM 
[bookmark: _Toc227116206]A table detailing the baseline usage, post retrofit usage and proposed annual energy savings for this ECM can be found in Table A3-2 in 08 Appendix A- Supporting M&V Data.
5.4 [bookmark: _Toc227142799][bookmark: _Toc238624103][bookmark: _Toc382301259][bookmark: _Toc382301422]Post Installation and Performance Period Activities
[bookmark: _Toc179790643]Details of post installation and performance period activities are provide in Section 8 of this plan.

6. [bookmark: _Toc382301423]ECM 4 — HVAC EQUIPMENT M&V PLAN AND SAVINGS CALCULATION METHODS
6.1 [bookmark: _Toc238624105][bookmark: _Toc382301261][bookmark: _Toc382301424]Overview M&V Plan 
The M&V Plan for the HVAC equipment replacement at the [Agency/site] will follow FEMP M&V Option A. The Option A approach will be used to quantify the energy consumption savings associated with the HVAC equipment upgrade and annually verify that the measure continues to operate and perform as specified in the Final Proposal. 

The M&V plan for this retrofit assumes:
· Building occupancy hours and number of occupants will be established before the retrofit. Pre and post retrofit operating hours are the same for the purpose of energy savings calculations.
· Existing space temperatures, set points and schedules will be documented before the retrofit. Post retrofit temperatures, set points and schedules are held constant during the performance period for the purpose of energy savings calculations. 
· An annual verification of the measure will be performed to document that equipment and control strategies are as specified in the Final Proposal.
6.2 [bookmark: _Toc238624106][bookmark: _Toc382301262][bookmark: _Toc382301425]Overview of Savings Calculations 
6.2.1 [bookmark: _Toc238624107][bookmark: _Toc382301263][bookmark: _Toc382301426]Energy Baseline Development
The baseline energy consumption was established through collection of baseline data parameters including:
· Existing space temperatures, set points and schedules
· Building geometry and envelope detail
· Efficiency of existing heating and cooling equipment 
· Occupancy hours, number of occupants and operating hours of equipment 
· Outside air ventilation levels 
· Identified operating issues and problems (from facility personnel)

The data collected is used within the FEMP ENABLE IGA Tool to generate baseline energy consumption for the HVAC equipment. A list of key input parameters for the IGA tool is found in table A4-1 in 08 Appendix A- Supporting M&V Data.

6.2.2 [bookmark: _Toc238624108][bookmark: _Toc382301264][bookmark: _Toc382301427]Energy Savings Calculations and Methodology
After completion of the field survey [ESCO name] compiled the audit data into the FEMP IGA tool.  The HVAC component of the audit tool utilizes EnergyPlus, an hourly building simulation model to generate baseline and post-retrofit models of the facilities energy use. EnergyPlus essentially utilizes standard heat transfer equations to determine heating and cooling loads based on the heat loss or gain through the building envelope, the amount of outdoor air brought into the building, and any source of internal heat gain such as lighting or occupants. Based on [ESCO name]’s retrofit approach and agency input, a proposed equipment retrofit and modified control strategy is applied within the IGA tool. The IGA tool creates two models of the building’s energy use (pre and post retrofit), extracts the change in energy use between the two models and calculates cost savings based on the input costs for energy sources utilized at the facility.
6.3 [bookmark: _Toc238624109][bookmark: _Toc382301265][bookmark: _Toc382301428]Proposed Annual Savings for ECM 
A table detailing the baseline usage, post retrofit usage and proposed annual energy savings for this ECM can be found in Table A4-2 in 08 Appendix A- Supporting M&V Data.
6.4 [bookmark: _Toc238624110][bookmark: _Toc382301266][bookmark: _Toc382301429]Post Installation and Performance Period Activities
Details of post installation and performance period activities are provide in Section 6 of this plan.

7. [bookmark: _Toc382301430]ECM 5 — Solar PV M&V PLAN AND SAVINGS CALCULATION METHODS
7.1 [bookmark: _Toc238624112][bookmark: _Toc382301268][bookmark: _Toc382301431]Overview M&V Plan 
The M&V Plan for the Solar PV installation(s) at the [Agency/site] will follow FEMP M&V Option B. The Option B approach will be used to quantify the energy savings associated with the Solar PV installation and annually verify that the measure continues to operate and perform as specified in the Final Proposal. 

The M&V plan for this retrofit assumes:
· The annual solar radiation as utilized in the calculation of the annual electrical generation of the PV array will be assumed to represent a typical meteorological year (TMY) and will be held constant during the performance period for the purpose of energy generation calculations
· PV Module Performance and inverter efficiencies are based on manufacturer’s data.
· An annual verification of the measure will be performed to document that the PV system remains installed and performing as specified in the Final Proposal.
· An annual collection of the generated electrical output from the PV system will be performed and recorded as verified savings.
7.2 [bookmark: _Toc238624113][bookmark: _Toc382301269][bookmark: _Toc382301432]Overview of Savings Calculations 
7.2.1 [bookmark: _Toc238624114][bookmark: _Toc382301270][bookmark: _Toc382301433]Energy Baseline Development
Given that the solar PV system is not installed at present, the energy baseline is considered to be the maximum potential annual output of the array. The baseline energy was established through collection of various data parameters including:
· Geographic location of array
· DC system size (name plate rating)
· DC-to-AC derate Factors
· Array type (fixed, tracking, etc)
· Array tilt, azimuth

The data collected is used within the FEMP ENABLE IGA Tool to generate baseline energy generation for the PV system. A list of key input parameters for the IGA tool is found in table A5-1 in 08 Appendix A- Supporting M&V Data.



7.2.2 [bookmark: _Toc238624115][bookmark: _Toc382301271][bookmark: _Toc382301434]Energy Savings Calculations and Methodology
After completion of the field assessment [ESCO name] compiled preliminary design data for the PV system into the FEMP IGA tool which in turn is linked to the National Renewable Energy Laboratory’s (NREL) PVWatts[footnoteRef:4] tool. NREL's PVWatts calculator determines the energy production and cost savings of grid-connected photovoltaic (PV) energy systems by creating hour-by-hour performance simulations that provide estimated monthly and annual energy production in kilowatts and energy value. Users select a geographic location of the PV installation and establish system parameters for size, electric cost, array type, tilt angle, and azimuth angle. Using typical meteorological year weather data for the selected location, the PVWatts calculator determines the solar radiation incident of the PV array and the PV cell temperature for each hour of the year. The DC energy for each hour is calculated from the PV system DC rating and the incident solar radiation and then corrected for the PV cell temperature. The AC energy for each hour is calculated by multiplying the DC energy by the overall DC-to-AC derate factor and adjusting for inverter efficiency as a function of load. Hourly values of AC energy are then summed to calculate monthly and annual AC energy production.  [4:  http://rredc.nrel.gov/solar/calculators/pvwatts/version1/ ] 

7.3 [bookmark: _Toc238624116][bookmark: _Toc382301272][bookmark: _Toc382301435]Proposed Annual Savings for ECM 
A table detailing the baseline usage, post retrofit usage and proposed annual energy savings for this ECM can be found in Table A5-2 in 08 Appendix A- Supporting M&V Data.
7.4 [bookmark: _Toc238624117][bookmark: _Toc382301273][bookmark: _Toc382301436]Post Installation and Performance Period Activities
Details of post installation and performance period activities are provide in Section 8 of this plan. A measurement of instantaneous array performance will be taken in accordance with the approach outlined in the ENABLE M&V Protocol v4.0 and compared against the array’s derated DC nameplate rating. 


8. [bookmark: _Toc382301437]Post installation and Annual M&V
8.1 [bookmark: _Toc227116208][bookmark: _Toc227142801][bookmark: _Toc238624119][bookmark: _Toc382301438]Post-Installation Activities
Inspection and Commissioning: 

All retrofit equipment in each ECM category implemented within the project will undergo a post-installation inspection and commissioning process to ensure the systems operate as intended and meets the performance specifications provided in the Final Proposal. Commissioning will be performed in accordance with the 09_Guidelines and Checklist for Commissioning and Government Acceptance. Commissioning observations and conclusions and will be documented in the Post-Installation Report. 

M&V

Upon installation completion, an as-built inventory of post-installation equipment will be supplied. Savings predictions will be corrected based on as-built data and will be reported in the Post-Installation Report. Immediately following installation, measurements for each ECM will be taken in a manner identical to that used for the baseline development and in accordance with the ESPC ENABLE M&V Protocol v4.0. These measurements will be used to calculate actual expected energy and cost savings, and will be detailed in the Post-Installation Report.

Note: An outline of the requirements for the Post Installation Report can be found within Appendix A of the ESPC ENABLE M&V Protocol v4.0.
8.2 [bookmark: _Toc227116209][bookmark: _Toc227142802][bookmark: _Toc238624120][bookmark: _Toc382301439]Annual Performance Period Verification Activities 
Once per year [ESCO will perform a site visit, or, agency/site technical staff will perform a simple audit], during which the ECMs will be inspected to verify proper operation, ensure that they have been maintained and that they continue to have the potential to generate the expected savings. Inspections will follow an annual verification checklist that is to be developed in accordance with the ESPC ENABLE M&V Protocol v4.0. An example of the template for the annual verification checklist can be found in Appendix B of the ESPC ENABLE M&V Protocol v4.0.

The annual M&V report will detail the results of annual inspections, noting significant problems such as altered or malfunctioning equipment, etc.  An estimate of energy and cost savings for the year will be provided. [Agency/site] is responsible for the consistency of occupancy, usage and equipment replacement with identical or comparable equipment. Changes in equipment type or usage will not result in adjustments to the reported (guaranteed) savings. If the equipment fails to perform as specified in the Final Proposal, the annual M&V report will propose a remedy to [Agency/site] to minimize the potential for lost savings. The annual M&V report will be submitted in a format as outlined in ESPC ENABLE M&V Protocol v4.0 Appendix C. 


[bookmark: _Toc382301440][bookmark: _Toc203637981]08 Appendix A – Supporting M&V Data
1. LIGHTING
[bookmark: _Ref145316183]Table A1-1: Fixture Wattage Measurements – Types, Sample Size and Results
	Fixture Type/Code
		
	Number of fixtures
	% of Energy Savings
	Table Power, W
	Sample
Size
	Average Measured Power, W

	F44EE
	107
	60%
	144
	10
	140

	F42EE
	60
	8%
	72
	9
	74

	F82ES
	84
	7%
	128
	9
	120

	75 Watt Inc.
	20
	1%
	75
	7
	75

	Totals
	
	76%
	
	
	



Table A1-2: Usage Group Operating Hours
	Usage Group Code
		
	Annual  Operating Hours

	Conference Room
	900

	Open Office
	2860

	Private Office
	2855

	Hallway
	3780

	Storage
	600

	Restroom
	8760

	Parking Lot
	4380

	Exit Signs
	8760



Table A1-3: Baseline and Proposed Annual Savings for ECM 1- Lighting
	
	Total energy use (MMBtu/yr)
	Electric energy use (kWh/yr)
	Electric energy cost, Year 1 ($/yr)
	Electric demand* (kW/yr)
	Electric demand cost, Year 1 ($/yr)
	Natural gas use (MMBtu/yr)**
	Natural gas cost, Year 1 ($/yr)
	Water use (gal/yr)
	Water cost, Year 1 ($/yr)
	Other energy use (MMBtu/yr)**
	Other energy cost, Year 1 ($/yr)
	Other energy-related O&M costs, Year 1 ($/yr)
	Total costs, Year 1 ($/yr)

	Baseline use
	
	
	
	
	
	

	
	
	

	
	
	
	


	Post-installation use
	

	

	

	

	

	

	

	

	

	
	
	
	


	Savings
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Notes
*Annual electric demand savings (kW/yr) is the sum of the monthly demand savings.
MMBtu = 106 Btu.  
**If energy is reported in units other than MMBtu, provide a conversion factor to MMBtu (e.g., 0.003413 MMBtu/kWh).




2. WATER
Table A2-1: Fixture Flow Measurements – Types, Sample Size and Results
	Fixture Type
	Number of fixtures
	Sample
Size
	Mean Flow, GPM, GPF

	Toilet
	20
	7
	4.05

	Urinal
	15
	6
	1.58

	Faucet
	30
	8
	2.48

	Shower
	5
	5
	3.50



Table A2-2: Usage Profiles
	Fixture Type
		
	Duration (Sec)
	Uses / Day

	
	
	Full Time Employee
	Transient

	Toilet (Female)
	n/a
	3
	0.5

	Toilet (Male)1
	n/a
	1
	0.1

	Urinal (Male)
	n/a
	2
	0.4

	Lavatory Faucet
	302
	3
	0.5

	Shower
	300
	0.1
	0

	Kitchen Sink
	15
	1
	0


1 If urinals are not installed for the fixture usage group, then the Toilet (Male) usage rates are the same as the Toilet (Female).
2 Default duration for the metering type /autocontrol faucet is 15 seconds for the baseline and 12 seconds for the retrofit case

Table A2-3- Baseline and Proposed Annual Savings for ECM 2 -Water

	
	Total energy use (MMBtu/yr)
	Electric energy use (kWh/yr)
	Electric energy cost, Year 1 ($/yr)
	Electric demand* (kW/yr)
	Electric demand cost, Year 1 ($/yr)
	Natural gas use (MMBtu/yr)**
	Natural gas cost, Year 1 ($/yr)
	Water use (gal/yr)
	Water cost, Year 1 ($/yr)
	Other energy use (MMBtu/yr)**
	Other energy cost, Year 1 ($/yr)
	Other energy-related O&M costs, Year 1 ($/yr)
	Total costs, Year 1 ($/yr)

	Baseline use
	
	
	
	
	
	
	
	
	
	
	
	
	

	Post-installation use
	

	

	

	

	

	

	

	

	

	
	
	
	


	Savings
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	[bookmark: _Toc203637969]Notes
*Annual electric demand savings (kW/yr) is the sum of the monthly demand savings.
MMBtu = 106 Btu.  
**If energy is reported in units other than MMBtu, provide a conversion factor to MMBtu (e.g., 0.003413 MMBtu/kWh).





3. SIMPLE HVAC CONTROLS

Table A3-1 – Simulation Model Key Parameters
	Parameter
	Source of Data

	Building construction and layout
	Engineering drawings and field observations

	Number of building occupants
	Field observations and interviews with facility staff

	Lighting Power Density
	[ESCO name] lighting audit

	Ventilation Airflow Rates
	Measured data and design data

	HVAC Equipment Efficiency
	Field observation of equipment age and condition

	Infiltration Rate
	FEMP IGA tool default value based on building construction parameters

	HVAC System Operating Hours
	Baseline hours collected from input from facility staff

	HVAC System Temperature Setpoints
	Measured data, design data, and information collected from existing controls



Table A3-2 – Baseline and Proposed Annual Savings for Simple HVAC Controls ECM 3.0

	
	Total energy use (MMBtu/yr)
	Electric energy use (kWh/yr)
	Electric energy cost, Year 1 ($/yr)
	Electric demand* (kW/yr)
	Electric demand cost, Year 1 ($/yr)
	Natural gas use (MMBtu/yr)**
	Natural gas cost, Year 1 ($/yr)
	Other energy use (MMBtu/yr)**
	Other energy cost, Year 1 ($/yr)
	Other energy-related O&M costs, Year 1 ($/yr)
	Total costs, Year 1 ($/yr)

	Baseline use
	
	
	
	
	
	
	
	
	
	
	

	Post-installation use
	


	

	

	

	

	

	

	
	
	
	


	Savings
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	[bookmark: _Toc203637978]Notes
*Annual electric demand savings (kW/yr) is the sum of the monthly demand savings.
MMBtu = 106 Btu.  
**If energy is reported in units other than MMBtu, provide a conversion factor to MMBtu (e.g., 0.003413 MMBtu/kWh).






4. HVAC EQUIPMENT

Table A4-1 – Simulation Model Key Parameters
	Parameter
	Source of Data

	Building construction and layout
	Engineering drawings and field observations

	Number of building occupants
	Field observations and interviews with facility staff

	Lighting Power Density
	Lighting audit or estimated based on interviews with facility staff

	Ventilation Airflow Rates
	Measured data and design data

	HVAC Equipment Efficiency
	Field observation of equipment age and condition

	Infiltration Rate
	FEMP IGA tool default value based on building construction parameters

	HVAC System Operating Hours
	Baseline hours collected from input from facility staff

	HVAC System Temperature Setpoints
	Measured data, design data, and information collected from existing controls



Table A4-2 – Baseline and Proposed Annual Savings for HVAC EQUIPMENT ECM 4.0

	
	Total energy use (MMBtu/yr)
	Electric energy use (kWh/yr)
	Electric energy cost, Year 1 ($/yr)
	Electric demand* (kW/yr)
	Electric demand cost, Year 1 ($/yr)
	Natural gas use (MMBtu/yr)**
	Natural gas cost, Year 1 ($/yr)
	Other energy use (MMBtu/yr)**
	Other energy cost, Year 1 ($/yr)
	Other energy-related O&M costs, Year 1 ($/yr)
	Total costs, Year 1 ($/yr)

	Baseline use
	
	
	
	
	
	
	
	
	
	
	

	Post-installation use
	

	

	

	

	

	

	

	
	
	
	


	Savings
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Notes
*Annual electric demand savings (kW/yr) is the sum of the monthly demand savings.
MMBtu = 106 Btu.  
**If energy is reported in units other than MMBtu, provide a conversion factor to MMBtu (e.g., 0.003413 MMBtu/kWh).






5. SOLAR PV

Table A5-1 – Simulation Model Key Parameters
	Parameter
	Source of Data

	DC System Size (kW) nameplate rating
	Manufacturers Design Data

	Array Type (Fixed, Tracking)
	Design Data

	Array Tilt (deg)
	Design Data

	Array Azimuth (deg)
	Design Data

	PV Module Nameplate Derate factor
	Manufacturers Design Data or IGA tool default value

	Inverter and Transformer Derate factor
	Manufacturers Design Data or IGA tool default value

	Module Mismatch factor
	Design Data or IGA tool default value

	Diodes and Connections Derate factor
	Design Data or IGA tool default value

	DC Wiring Derate Factor
	Design Data or IGA tool default value

	AC Wiring Derate Factor
	Design Data or IGA tool default value

	Module Soiling Derate Factor
	Field Observation or IGA tool default value

	System Availability Derate Factor
	Field observation and/or design data or IGA tool default value

	Shading Derate Factor
	Field observation and/or design data or IGA tool default value



Table A5-2 – Baseline and Proposed Annual Savings for Solar PV ECM 5.0

	
	Total energy use (MMBtu/yr)
	Electric energy use (kWh/yr)
	Electric energy cost, Year 1 ($/yr)
	Electric demand* (kW/yr)
	Electric demand cost, Year 1 ($/yr)
	Natural gas use (MMBtu/yr)**
	Natural gas cost, Year 1 ($/yr)
	Other energy use (MMBtu/yr)**
	Other energy cost, Year 1 ($/yr)
	Other energy-related O&M costs, Year 1 ($/yr)
	Total costs, Year 1 ($/yr)

	Baseline use
	
	
	
	
	
	
	
	
	
	
	

	Post-installation use
	

	

	

	

	

	

	

	
	
	
	


	Savings
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Notes
*Annual electric demand savings (kW/yr) is the sum of the monthly demand savings.
MMBtu = 106 Btu.  
**If energy is reported in units other than MMBtu, provide a conversion factor to MMBtu (e.g., 0.003413 MMBtu/kWh).
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