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1. Background

This document provides a comprehensive framework for a measurement and verification (M&V) Plan for lighting projects performed via an energy performance contract. A working group of industry and private sector parties involved with DOE’s Super ESPC Program developed this document. It should serve the following purposes:

· Provide a foundation for an M&V plan for a lighting retrofit utilizing a “best practice” approach, which considers risk allocation, engineering accuracy, and cost-effectiveness. This document provides a base document that must be customized for individual applications.

· Reduce development and review times on individual projects.

· Provide guidance to Agencies on what is essential for robust M&V plan for lighting projects.

· Provides an example of an M&V Plan for one of the most common measures that complies with the requirements set forth in the FEMP M&V guidelines, Version 2.2
, and

· Provides an example of the format for M&V Plans for Federal ESPC projects, as detailed by the M&V Plan Outline.

This document contains the basis for M&V Plan for lighting retrofit measures, using Option A method LE-A-02 with some modifications. This methodology is recommended for most lighting retrofit projects, as outlined in Section 2.1.

2. How to use this Guide

2.1 User Notes

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.

This draft plan is intended to be used as a starting point, and must be customized for each project. This plan only covers section three, M&V Plan and Savings Calculation Methods, of the M&V Plan Outline
, and must be used with the first two sections Executive Summary / M&V Overview & Proposed Savings Calculations and Whole Project Data / Global Assumptions.
All text highlighted Yellow should be customized for the project. Highlighted text underlined in italics indicates project specific data that should be included. In some locations, footnotes are included to provide additional instructions. 

For projects that deviate from the prescribed methodologies, the ESCO is expected to document the deviations from the base plan, which:

· Allows government staff to easily assess the M&V approach; and

· Helps to ensure a minimum level of rigor is maintained on individual projects in order to maintain the integrity of the DOE program.
This approach is suitable for projects that: 

· Consist of lighting fixture retrofits and / or replacements;

· Do not generate savings through reductions in operating hours (e.g., day lighting controls or occupancy sensors) 

· Projects where lighting saving are more than $100,000 per year and lighting savings comprise more than 30% of total project savings

· Projects where the agency seeks rigorous verification of savings regardless of savings amount. 

2.2 Risk and Responsibility Matrix

The risk and responsibility matrix provides an overview of risk allocation in a Super ESPC contract. Since the matrix must align with the M&V plan, the following are key items that need to be properly addressed in the Risk and Responsibility matrix for this ECM:

Operating Hours: 

· Operating hours are based on monitored baseline data described in this plan. The post-retrofit period operating hours are stipulated to be the same as the baseline period. The Agency is responsible for any changes in operating hours, and the verified savings will be based on the baseline operating hours.

Equipment Performance:

· ESCO is responsible for ensuring that the new lamps and ballasts are as specified, and meet the expected performance parameters, which should be defined in the M&V plan 

2.3 Instrumentation Requirements

The sample M&V plan specifies the minimum accuracy requirements of the instrumentation to be used for measurements. Specific instrumentation identified in the sample plan are provided as examples of the type of measurement device which should be used. Include the actual specifications and measurement accuracies of any equipment used. If the accuracy is much less than prescribed, the measurements from equipment may not be suitable as they introduce additional error into the energy calculations.  

Table 2‑1 : Example Instrumentation Specifications

	Equipment Type
	Purpose
	Accuracy of Measurement
	Example Brand Names

	Light level meter
	Establish functional performance of baseline and new lighting equipment
	· ± 5%
	· Extech

· Amprobe

· Greenlee

	Power meter
	Establish true RMS power draw of baseline and new lighting equipment
	· ± 3%
	· Fluke 39/41/41B

· Extech 4KC20

· AEMC 3910

	Light on/off data logger
	Measure run time of lighting fixtures
	· Time measurements are  ±1 minute / week; Light threshold adjustment range 10 – 1,000 lumens / m2
	· Onset Computer Hobo Loggers

· Dent Instruments SmartLogger

· Omega OM-53




2.4 M&V Plan Summary 
The following table summarizes the key elements present in this Standard M&V plan for Lighting Equipment Retrofits. The content is organized into four sections: Baseline M&V Activities, Post-Installation M&V Activities, Annual / Periodic M&V Activities, and Energy Use and Savings Calculations.
Table 2 : Summary of Key Elements in Standard M&V Plan for Lighting Retrofits
	ECM – Lighting Equipment Retrofit

	Brief ECM Description: Retrofit existing fluorescent, incandescent, and HID lighting fixtures with more efficient lamps and ballasts. Savings will result from reduced fixture power consumption. Operating hours are not affected by this ECM

	M&V Option:
	 Option A
	Protocol:
	FEMP M&V Guidelines V 2.2

	Baseline M&V Activities:
(Summary of Measurements Performed, Assumptions, Other Sources of Data, Baseline Energy Use Calculation Methodology)
· Baseline fixture power measured for lamp ballast combinations (LBC) representing a total of 75% of the baseline connected load. Sampling plan requires ±10% uncertainty at a confidence level of 90%.

· Baseline Operating Hours measured for usage groups representing at least 75% of the energy savings. Sampling plan requires ±20% uncertainty at a confidence level of 80%.

· Operating hours for usage groups not measured are based on data provided by facility

· Fixture powers for LBCs not measured are based on manufacturer’s data.

· HVAC interactions are negligible

· Fixture counts from lighting audit

· Baseline energy use based on product of the baseline fixture power consumption, operating hours, and fixture quantities for each line item in the lighting audit
· Baseline demand based on product of the baseline fixture power consumption, demand coincidence factor (based on operating hours and peak building demand period), and fixture quantities for each line item in the inventory

	Post-Installation M&V Activities

Summary of Inspections, Measurements to be performed, Reporting Requirements and Submittals

· Lighting audit and inspection to confirm final fixture counts

· Fixture power measurements for lamp ballast combinations representing a total of 75% of the post-installation connected load. Sampling plan requires ±10% uncertainty at a confidence level of 90%.

· Operating hours assumed to be the same as baseline operating hours

· Verified post-installation energy use based on product of the verified post-installation fixture power consumption, operating hours, and fixture quantities for each line item in the inventory

· Verified post-installation demand based on product of the verified post-installation fixture power consumption, demand coincidence factor (based on operating hours and peak building demand period), and fixture quantities for each item in inventory

· Use Proposed Savings Calculations methodology, using verified post-installation fixture powers

· Post-Installation report in accordance with IDIQ Requirements.



	Annual or Periodic M&V Activities:
(Summary of Inspections, Measurements to be performed, Reporting Requirements and Submittals)
· Inspect approximately 1% of the floor area retrofitted annually.

· Select areas to be inspected randomly, and avoid inspecting same areas each year.

· No additional measurements required 

· Verified savings based on post-installation M&V results 

· Report deficiencies that affect energy savings to facility when they are identified, and summarize issues and response in Annual Report

· O&M data to be provided by facility and included in Annual Report

· Annual Report in accordance with IDIQ Requirements.

	Energy Use and Savings Calculations:

(Summary of Savings Calculation Method)

· Proposed post-installation energy use based on product of the post-installation fixture power consumption (based on post-installation M&V results), operating hours, and fixture quantities for each line item in the inventory

· Proposed post-installation demand based on product of the post-installation fixture power consumption (based on post-installation M&V results), demand coincidence factor (based on operating hours and peak building demand period), and fixture quantities for each item in inventory

· Savings are the difference between the baseline and post-installation energy use and demand.


3. Lighting Retrofit M&V Plan and Savings Calculation Methods

3.1 Overview of ECM, M&V Plan, and Savings Calculation  

A complete retrofit of the lighting equipment in the Federal Center is planned as a part of the ESPC agreement. The existing fixtures (specify quantity) will be retrofitted/replaced with more efficient equipment. Energy savings and demand savings will result from this project.  

Option A has been selected for this measure due to the high confidence with which the fixture demand and operating hours may be determined. Equipment numbers and locations will not vary and operating hours are not projected to change after the project is implemented.

The Measurement and Verification Plan for the lighting efficiency retrofit at the Federal Center will follow FEMP M&V Option A, Method LE-A-02 (with modifications) using DOE’s Standard Measurement & Verification Plan for Lighting Equipment Retrofit or Replacement Projects dated December 8, 2006. The modifications to the Standard Plan include the following items:

· No changes

The variables affecting savings from this lighting project are fixture power consumptions, hours of operation, and level of coincident operation (what portion of the connected lighting load is operating when the building peak demand is set). Fixture power consumptions were measured on a sample of the most common fixture types. For less common fixture types, fixture powers were based on a table of standard fixture powers or manufacturer’s data. Tables and specifications used in this project are provided in the Appendix. 

Operating hours have been measured on a sample of space types during the Detailed Energy Survey. The measured hours will be used to estimate the energy and demand savings during performance period and will not be adjusted even if the actual operating schedules change.  

The Measurement and Verification Plan for this retrofit assumes: 

· Operating hours will be measured during the Detailed Energy Survey, prior to contract signing. The hours for the lighting fixtures will be the same before and after the equipment retrofit for the purpose of energy savings calculations.

· Fixture power consumptions before and after the retrofits or replacements will be measured.

· Interactive effects on heating and cooling equipment from the lighting retrofit will not be considered since heating and cooling interactions effectively cancel each other out
.

· Lighting levels will not decrease as a result of the lighting equipment retrofit, unless explicitly specified for an individual area. Existing lighting levels have been measured and recorded for representative spaces and areas of concern. Results are included in the equipment inventory.

3.2 Energy and Water Baseline Development

During the Detailed Energy Survey, which took place during April 2006, a comprehensive lighting audit was completed. A room-by-room inventory of fixture counts, types, and circuits was made. This inventory of all existing lighting equipment, including baseline lighting levels is provided in the Appendices.

In all cases, burned out fixtures and lamps are noted in the room-by-room inventory. During the survey, x% of fixtures had one or more burned out lamps or ballasts. This was accounted for in the baseline and in the savings calculations by [Describe actions or adjustments.]

3.2.1 Lighting Levels

Lighting levels will not decrease as a result of the lighting equipment retrofit, unless explicitly specified for an individual area. Baseline lighting levels have been measured and recorded for representative spaces and areas of concern. The areas for which baseline and post-installation lighting levels will be documented have been agreed upon and include the following:

	Space Type
	Locations
	Notes

	Typical private office
	One on each exposure N, E, S, W
	

	Typical hallway
	One per floor
	

	Typical open office
	
	

	Mechanical equipment shop
	Basement
	Existing light levels are insufficient

	Main conference room
	2nd floor, room 230
	


Lighting level measurements were made so they are repeatable before and after the equipment replacement. The calibration certificate for the Amprobe lighting meter model xxyy (dated x/y/cccc) is included in the Appendix. At a minimum, all light level measurements include the following for each space: 2 measurements will be recorded - 1 directly underneath a fixture, and one in between fixtures, both 30” off floor. If possible, measurements will be made when the contribution from daylight is minimal.

3.2.2 Fixture Power Consumption

During the lighting survey, fixture types (lamp/ballast combinations or LBCs) present in this facility were identified, and are called ‘fixture type groups
.’ Samples of the most common fixture type groups were measured to determine the fixture power consumption under actual operating conditions. The measured fixture type groups represent more than 75%
 of the affected baseline connected lighting load. A total of [number] fixture type groups were identified, which include at least 75% of the affected lighting connected load, as shown in Table 3‑2 Section 3.2.5. For the remaining fixture types that were not measured, fixture powers were taken from a table of standard fixture powers or manufacture’s data. The table of fixture powers to be used is from [reference data source
].
After the fixtures are replaced, power measurements will again be taken on a sample of fixture type groups that represent more than 75% of the new connected load. For new equipment, power measurements will be made after at least 100 hours of operation on each fixture. In all cases, fixtures will operate for at least one hour prior to measurement in order to achieve typical operating temperature. For the remaining fixture types that are not measured, fixture power consumptions will be taken from a table of standard fixture powers or from manufacturer’s specifications. 

In all cases, the number of power measurements taken is sufficient to achieve a +10% precision at 90% confidence using a Usage Group Sampling technique as discussed in Section 3.2.4. Since similar fixtures have similar powers, normally only a few measurements would be necessary to achieve this high degree of precision. However, some buildings have fixture populations that are not homogeneous due to lamp and ballast replacement over time or from localized remodeling. The assumption of a homogeneous population was not valid and additional measurements were required to achieve the desired accuracy level including [specify affected fixture groups].

Where it is impractical to measure power directly at the fixture, fixture circuits may be measured if no other loads are on the circuit. The total power divided by the number of fixtures represents the average fixture power, but multiple circuits must be measured in order to calculate the standard deviation of the measurement and thus show that confidence and precision criteria have been met. The results of the baseline measurements are presented in Table 3‑3 in section 3.2.5. The results of the post-installation measurements will be included in the Post-Installation Report.
A Fluke Model 39 True RMS Power Meter was for all measurements, which has a true RMS power measurement accuracy of ±2%. A Fluke Model 80i-110s current probe with an accuracy of ±3% was used when measuring power on individual fixtures, or on groups of fixtures when the total current was less than 5A. A Fluke Model i200s current probe with an accuracy of ±2% was used when measuring power on circuits where the current was at least 5 Amps. The most recent calibration certificate for the Fluke equipment dated x/y/cccc is included in the Appendix.  The power meter measured true RMS power, accounting for Volts, Amperes, power factor, and total harmonic distortion
. 

3.2.3 Usage Groups for Operating Hours

A separate set of lighting usage groups were identified based on space functionality and estimated operating hours. For usage groups that represented more than 5% of the energy savings, fixture operating hours were monitored to determine the typical operating hours
 using a Usage Group Sampling technique as discussed in Section 3.2.4. Groups that represent 5%
 or less than the expected energy savings were not metered; operating hours were based on typical hours of occupancy. However, sufficient usage groups were monitored to account for at least 75%
 of the total energy savings (kWh). A total of number of usage groups were identified, which include X% of the affected lighting energy savings, as shown in Table 3‑3 in section 3.2.5.

During the audit, the operating hours for a sample of lighting fixtures in each usage group was measured over a three-week period. The monitored operating hours were used to estimate the annual operating hours for each of the usage groups with an intended precision of +20% at 80% confidence. The purpose of monitoring the operating hours is to reduce uncertainty in the final savings estimate. However, the ESCO is not responsible for uncertainty in or changes to the operating hours, so additional monitoring will not be required if the intended precision criteria is not met. The measured operating hours for each usage group will be used as the annual operating hours during the performance period. 

Hobo lighting loggers were installed inside the lighting fixtures. These loggers record the time of the change-of-state between on and off. In addition to the total operating hours recorded, logger data was evaluated to determine the number of hours that a fixture was operating during the building’s peak demand period, between 1:00 and 4:00 PM
. This information was used to estimate the probability that fixtures in each usage group would be operating coincident with the building peak load. This data was used to determine an overall peak coincidence factor for the lighting, which ensures demand savings are not overestimated. The results of the measurements are presented in Table 3‑3  in Section 3.2.4.

The specification of the loggers used includes: light threshold adjustment range from 10 to 100 lumens/m2 (fluorescent light) and record on-off times with an accuracy of ±1 minute per week). These new data loggers were calibrated by the manufacturer. The results of the metered data are summarized in Section 3.2.5 and all metered data are included in the Appendix.

3.2.4 Sample Sizes

Appendix D.3.2, Usage Group Sampling, in the FEMP M&V Guidelines (V 2.2, 2000) describes the details of the method used to determine the sample size for each usage group or fixture type measurement
. These procedures apply to groups used to determine operating hours and fixture powers. Precision and confidence criteria were selected based on experience with previous projects and represent a reasonable compromise between desired precision and cost-effectiveness. 

A sample of monitoring points for each usage groups was determined by the following procedure:

1. Define the desired precision and confidence for each measured parameter. For measuring fixture powers, +10% precision at 90% confidence is desired. A high degree of precision is required because new fixture powers are subtracted from the existing fixture powers. Both need to be known with a high degree of precision in order to reduce the uncertainty in the difference. For measuring usage group operating hours, +20% precision at 80% confidence was selected because: 1) the ESCO is not responsible for usage characteristics, and; 2) it is not cost-effective to reduce uncertainty further. 

2. 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 existing fixture power, use Cv = 0.2; for new fixtures, use Cv = 0.1; for operating hours, use Cv = 0.5. 

3. Using the stated assumptions and Equation D.3 from the FEMP M&V Guidelines
, estimate the sample size n for the power and operating hour measurements. Given the assumed large size of fixtures and usage group spaces, ignore the finite population correction and  use the following standard statistical equation for estimating sample sizes:
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Equation 1
where: 


Z 
= 
Z statistic for desired confidence interval 

p 
=
desired precision

Cv 
=
coefficient of variation 

n
= 
sample size after rounding up to the next integer 

The coefficient of variation (Cv) is simply the standard deviation of the measurement divided by the average measurement value. 
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where: 


 
=
standard deviation of the measurement
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Equation 3
x
=
individual measured values
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=
average measured value of n samples

Note: the standard deviation function is provided on all scientific calculators and spreadsheet software. 

4. Using the stated precision and confidence levels from Step 1, determine the sample size for each fixture type and operating hour usage group as follows:

Table 3‑1: Initial Sample Sizes For Each Usage Group

	Measured Value
	Precision
	Confidence
	Z
	Assumed Cv
	Sample Size, n

	Power, W (baseline)
	+10%
	90%
	1.645
	0.2
	11

	Power, W (new)
	+10%
	90%
	1.645
	0.1
	3

	Hours
	+20%
	80%
	1.282
	0.50
	11


The selection of assumed Cv for each measurement type is based on experience with previous projects. Power measurement sample size may be increased if field results indicate significant variability in the measurements. 

If a population of fixture types or usage groups is less than 100, refer to the FEMP Guidelines 2.2, Appendix D, equations D.3 and D.4 and Table D.2 for a discussion of how to adjust samples sizes for small populations. 

5. When taking power measurements in the field, it is not expected that the metering technician will calculate the actual Cv of the power measurements. Instead, the metering technician will compare the lowest measured value to the highest for each fixture type. If the highest measured value is more than twice the lowest measured value, the number of field measurements will be doubled for that fixture type group
.  

6. Using the actual Cv , calculated using Equation 1,  the resultant precision can be calculated from the previous equations after some simple algebraic manipulation. The measurement precision can be calculated as follows:  
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Equation 4
7. 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, portion of that lighting operation that coincides with building peak) for each usage group will be based on the operating hours between the building’s likely peak demand period of 1:00 and 4:00 PM as follows: 
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Equation 5
8. Using the demand savings and measured operating hours, estimate the annual energy savings from each usage group.

3.2.5 Results

Fixture power measurements are listed in Table 3‑2 below. The number of fixtures in each group, the contribution to the total connected load (for baseline fixtures only), power from standard table, power measurements, sample size, and precision are all provided. 

If a table of standard fixture powers is used for the non-measured fixtures, providing the table power and measured power allows assessing the ability of the table to provide reliable fixture powers. If measured values are consistent with table values, it can be assumed that the table is reliable. If there are significant differences between the table and the measured values, they could be caused by fixture misidentification, mixed fixture types, atypical operating conditions, over- or under-Voltage conditions, or other factor(s) that should be investigated.  

Table 3‑2: Fixture Power Measurements – Types, Monitoring Points, Results

	Fixture Type
	Number of fixtures
	% of  Baseline Lighting kW
	Table Power, W
	Number of Measurements 
	Average Measured Power, W
	Std Dev, W
	Actual Cv
	Precision at 90% confidence

	F41ES
	73
	2%
	48
	11
	52
	8
	0.15
	8%

	F42ES
	60
	2%
	82
	11
	86
	10
	0.12
	6%

	F44ES
	1,339
	87%
	144
	11
	140
	18
	0.13
	6%

	I75/1
	103
	4%
	75
	11
	73
	5
	0.07
	3%

	
	
	
	
	
	
	
	
	

	Totals
	1,575
	97%
	
	
	
	
	
	


[codes and numbers are illustrative only]
The operating hours for the usage groups were monitored for a three-week period in April – May 2006. The average annual operating hours for each usage group are shown in Table 3‑3, along with the actual Cv of each group. Where the reported Cv is less than 0.2 (the originally assumed value for baseline fixtures), it is safe to conclude that the precision criterion has been met. If the Cv is greater than 0.2, the actual precision will be greater than the intended value.   
Table 3‑3: Usage Group Descriptions, Monitoring Points & Results
	Usage Group
	Number of fixtures
	Circuits (N)
	Measured Points (n) 
	Connected load reduction, (kW)
	Annual operating hours
	Energy savings, kWh
	% of total savings
	Actual Cv
	Precision at 80% confidence
	Peak Coincidence Factor

( 1 – 4 pm)
	Demand Reduction, kW

	24 Hour - Exit
	69
	21
	0
	0.82
	8,760
	7,169
	4%
	 
	 
	100%
	0.8

	24 Hour - Misc
	30
	9
	5
	1.78
	8,760
	15,598
	8%
	0.2
	7.6%
	72%
	1.3

	Closed Office Areas
	673
	204
	22
	22.96
	1,900
	43,377
	23%
	0.65
	16.8%
	68%
	15.6

	Common Office Areas
	581
	176
	11
	37.39
	2,800
	104,343
	56%
	0.43
	16.1%
	86%
	32.2

	Conference Rooms
	43
	13
	0
	2.75
	1,600
	4,436
	2%
	 
	 
	50%
	1.4

	Halls and Common areas
	131
	37
	0
	1.56
	3,000
	4,633
	2%
	 
	 
	86%
	1.3

	Storage, comp. closets
	218
	66
	0
	5.57
	1,200
	6,850
	4%
	 
	 
	50%
	2.8

	Totals
	1745
	526
	38
	72.83
	 
	186,406
	100%
	 
	 
	
	55.4


[groups and numbers are illustrative only]
The demand reduction listed in Table 3‑3 is based on a reduction in the connected load multiplied by the coincidence factor for that group. The coincidence factor for each usage group represents the fraction of fixtures operating when the building peak demand is set and therefore represents that usage group’s contribution to the demand reduction seen at the utility meter. For groups where the hours (and therefore the coincidence factor) are unmeasured, a coincidence factor will be estimated from the same schedule used to estimate the operating hours. 

3.3 Proposed Energy & Demand Savings Calculation Methodology

Lighting energy savings (kWh) are based on the difference between the baseline and post-retrofit power (Watts), the fixture quantities, and the hours of operation. For this M&V plan, it is assumed that the operating hours remain constant during the performance period. Fixture demand savings are calculated as the difference between the baseline and post-retrofit power (Watts) multiplied by the coincidence factor defined in Section 3.2.4. 

The proposed lighting energy and demand savings are calculated for each line item in the lighting audit inventory using Equations 6 and 7 below:

ES = [(FPBase x N Base) - (FPPost x N Post )] x H 

Equation 6

DS = [(FPBase x N Base) - (FPPost x N Post )] x CF x 12
Equation 7
Where:


ES
=
Annual electric energy savings (in kWh) 

DS
=
Annual electric demand savings (in kWh) 

FPBase
=
Baseline fixture power consumption (in kW/fixture) 
FPPost 
=
Post-installation fixture power consumptions (in kW/fixture) 
NBase 
=
Number of baseline fixtures

NPost 
=
Number of post-installation fixtures.
H
=
Annual operating hours

CFj
= 
Coincidence factor

Table 4 : Example Calculation Table
	Line Item
	Baseline Fixture Power (FPBase)
	Number of baseline Fixtures (Nbase)
	Post-Installation Fixture Power (FPPost)
	Number of Post-Install fixtures (Npost)
	Annual Operating Hours (H)
	Coincident Factor (CF)
	Annual Demand Savings (DS)
	Energy Savings (ES)

	1
	     0.100 
	100
	0.085
	100
	3200
	0.75
	       13.5 
	        4,800 

	2
	     0.075 
	10
	0.025
	10
	8760
	1
	        6.0 
	        4,380 


Total energy and demand savings are the sum of the energy and demand savings for each line item. The total annual cost savings will be determined using Equation 8:

ECSTotal = ES Total x ER + DS Total x DR

Equation 8
Where:


ECSTotal 
=
Total annual energy cost savings (in dollars)

ER
=
Electric energy rate (in $/kWh)

DR
=
Electric demand rate (in $/kW)

The electric energy and demand rates are outlined in Whole Project Data / Global Assumptions
. 
As described in the Responsibility Matrix, no alterations or renovations to the office spaces are planned. Should the Agency make any changes, it assumes the risk that the savings calculated by this plan may not materialize. 

3.4 Operations and Maintenance and Other Cost Savings

O&M savings are not being claimed for this ECM.

3.5 Proposed Annual Savings for ECM 

The detailed lighting inventory and retrofit specifications are included with the detailed savings calculations in the Appendices.

Table 3‑5: Proposed Annual Savings for ECM 1- Lighting

	 
	Total energy use (MegBtu/yr)*
	Electric energy use (kWh/yr)
	Electric demand (kW-yr)
	Electric energy cost, Year 1 ($/yr)
	Electric demand cost, Year 1 ($/yr)
	O&M costs, Year 1 ($/yr)
	Total costs, Year 1 ($/yr)

	Baseline use
	
	
	
	
	
	NA
	

	Post-installation use
	
	
	
	
	
	NA
	

	Savings
	
	
	
	
	
	$0 
	


* 0.003413 MegBTU = 1 kWh

The unit of demand reduction— kW-yr— is the sum of the monthly demand reductions. 

3.6 Post-Installation M&V Activities

Upon completion, an as-built inventory of post-installation lighting fixtures will be supplied, including the lighting ballasts and lamps actually installed, and lighting illumination levels (foot–candles) in the areas specified. Lighting level measurements will be made in the same fashion as baseline measurements, and will be taken after at least 100 hour of fixture use.  Current calibration certificates for the meter used will be provided. Savings predictions will be corrected based on as-built data and will be reported in the Post-Installation Report.

Immediately following installation, fixture power consumption will be measured in a manner identical to that for the baseline fixtures, after the fixtures have burned for at least 100 hours. Sample sizes for measurements and procedures are described in Section 3.2.4. These measurements will be used to calculate actual expected energy savings, and will be detailed in the Post-Installation Report.
3.7 Performance Period Verification Activities

Once per year, for each year of the contract, ESCO will conduct a site visit, during which the lighting system will be inspected to verify proper operation, ensure that it has been maintained, and continues to have the potential to generate the expected savings. 

A minimum of 1% of affected floor space will be visually inspected to ensure presence of specified lighting equipment. Lighting replacement stock will be inspected during the annual site visit to ensure that the proper replacement equipment is available. 

The Annual Report will detail the results of annual inspections, noting significant problems such as burned-out lamps and ballasts and deviations with the expected number of operating fixtures, etc. The following will be data will be included in the annual report:

· Dates and times of site visits;

· ESCO and Agency Staff involved;

· Areas inspected and findings from inspections;

· Evaluation of lighting replacement inventory and purchase orders to determine if consistent with ESCO installed equipment; 

· Number of lamp and ballast replacements made over the performance year;

· Any problems identified with the lighting systems by ESCO or Agency;

· Any major changes in facility that affect this ECM;

· Any changes in usage of lighting systems

The Agency is required to track and report to the ESCO the following items each year:

· Number of lamp and ballast replacements made over the performance year;

· Any problems identified with the lighting systems by Agency;

· Any major changes in facility that affect this ECM;

· Any changes in usage of lighting systems

� FEMP M&V Guideline V 2.2 available at �HYPERLINK "http://www1.eere.energy.gov/femp/financing/measguide.html"��http://www1.eere.energy.gov/femp/financing/superespcs_mvresources.html�


� Based on V1.0  M&V Plan Outline for FEMP Super ESPC projects is available at �HYPERLINK "http://www1.eere.energy.gov/femp/financing/superespcs_mvresources.html"��http://www1.eere.energy.gov/femp/financing/superespcs_mvresources.html�


� op cit


� INSTRUCTIONS: If any changes have been made from the details in the template approach, detail them here.


� INSTRUCTIONS: Energy interactions should be accounted for if the effect of heating and cooling penalties are not of similar magnitudes. In some electrically heated (or re-heated) buildings, the heating penalty can have a dramatic effect on energy usage and should be accounted for in the M&V plan.


� Lamp / ballast combination or LBC is acceptable terminology as well. 


� INSTRUCTIONS: 75% is the recommended amount, but there may be situations where it is not practical to measure sufficient fixture types that represent 75% of the new load. Such a situation may arise where there are numerous fixture types, each of which is only a small portion of the connected load.  If applicable, note changes made and why in 3.1 � REF _Ref151519116 \h ��Overview of ECM, M&V Plan, and Savings Calculation� section.


� INSTRUCTIONS: Reference specific source of data, such as a utility company’s lighting wattage chart. Provide source data in Appendix if feasible.


�INSTRUCTIONS:  True RMS power measurements are required to ensure that the measurements are accurate. This is a particular concern where harmonics may be present. It is not necessary to record the THD, but the meter used must be able to accurately measure the true RMS power when harmonic distortion is present, which may be the case when measuring electronic ballasts.


� INSTRUCTIONS: In the event there are a large number of usage groups, each of which comprises only a small amount of the savings, it is recommended that the Building Level Sampling Approach (a.k.a. stratified sampling) described in Appendix D.3.1 of the FEMP M&V Guidelines version 2.2 be used, rather than the Usage Group sampling approach described herein. This will result in a total sample size much smaller than usage group sampling, but without necessarily compromising the overall uncertainty. Despite the name “Building Level Sampling Approach”, it can be applied to campuses and bases where different buildings have similar schedules. 


� INSTRUCTIONS: It is recommend that operating hours for all usage groups that account for more than  5% of the energy savings should be measured. If this is not practical, this should be noted in Section 3.1, and a justification for the deviation provided in Section 3.2.3. Building Level Sampling (also called Stratified Sampling) may be used to reduce the total number of samples required. 


� INSTRUCTIONS: 75% of kW is the recommended amount, but there may be situations where it is not practical to measure sufficient usage groups that represent 75% of the load. Such a situation may arise where there are numerous usage types, each of which is only a small portion of the connected load. If applicable, note changes made and why in � REF _Ref151519116 \h ��Overview of ECM, M&V Plan, and Savings Calculation� section.


� INSTRUCTIONS: Use the actual time frame that corresponds to the site’s peak usage.


� INSTRUCTIONS: If Building Level Sampling is used for operating hours, base the sample size on 20% precision at 80% confidence and ignore the sample size discussion contained in this section. Assume a Cv of 0.5 for each group unless better information is available. 


� See Appendix D – Sampling Guidelines, pages 321 & 322 of M&V Guidelines: Measurement and Verification for Federal Energy Projects, Version 2.2.


� This is not an arbitrary rule, but an observation that a population with a Cv of 0.2 has a range if about 2:1 between the highest and lowest values. If the ratio is greater than 2:1, it is very probable that the Cv is greater than 0.2. 


� INSTRUCTIONS: The approach described assumes a simple electric rate. If the rate uses a time-of-use periods, the approach shown can be modified by calculating the energy and demand savings separately for each time-of-use period. More complex rates, such as demand ratchets, may require additional calculations.


� The calculation method shown here is based on calculating savings for each line item separately.


� INSTRUCTIONS: Utility rates are provided in section 2 of the M&V Plan outline, Whole Project Data / Global Assumptions. This document only addresses the ECM Specific M&V Plan (Section 3). If the rate uses a time-of-use periods, the approach shown can be modified by calculating the energy and demand savings separately for each time-of-use period. More complex rates, such as demand ratchets, may require additional calculations.
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