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Municipal Program

Report on 2004 and 2005 Measure Installations

Impact Evaluation – Final Report
1. Executive Summary

This report summarizes the impact evaluation of the Municipal Program, which operated in the Western Massachusetts Electric Company (WMECO) and Connecticut Light and Power Company (CL&P) territories in 2004 and 2005.  This study was performed by RLW Analytics, Inc. (RLW) for Northeast Utilities.  In this report, we highlight the methodology of the study, present its major conclusions, and make recommendations based upon its findings.  

The Municipal Program operated as a stand alone initiative in 2004 and 2005, although its program offerings had previously been part of other C&LM programs.  The Municipal Program was designed to promote the installation of energy efficient measures including lighting and other measures such as VFD’s and motors.  In the CL&P territory, only lighting measures were installed.  In the WMECO territory, all measure type installations occurred, including lighting, motor and VFD improvements.  The Municipal Program was heavily promoted in both service territories and provided larger incentives than other NU C&LM programs in order to overcome the financial barriers that limited program participation by this particular sector.  In early 2005, the program was ended in the CL&P territory and incentives were lowered in 2005 for WMECO customers.  The Municipal Program was operated through standard contracted relationships between NU and multiple contractors, who provided the direct services to the customers.  

The program evaluation used comprehensive file reviews on the sampled population of 2004 and 2005 program participants in both CL&P’s and WMECO’s service territories,  coupled with on-site engineering assessments at each sampled project.  The sample included 73 unique projects stratified based on end-use (lighting and other) and the estimated annual energy savings.  Stratified ratio estimates of annual energy savings, summer and winter peak demand reductions, and system peak demand reductions were developed.  The estimates were calculated by comparing the independently observed on-site engineering estimates with their tracking system estimates.
Table ES- 1 presents the 2004/2005 Municipal Program tracking savings by building type and service territory.  This information was originally provided in the RFP and later updated via a re-query of the Municipal Tracking System.  Over 87% of the program savings occurred in the CL&P territory with over 73% of the CL&P savings achieved in schools.  A noteworthy segment of program activity is that of waste/water treatment plants, where there were few savings in the CL&P territory (lighting only), but represented 16% of the WMECO savings.  There were nine waste/water treatment sites in WMECO, with six of them representing ‘other’ savings that were primarily motor or VSD measures.  

	Municipal Building Type
	CL&P Annual 
Savings
	WMECO Annual Savings
	NU Annual 
Savings

	
	kWh
	% of Total
	kWh
	% of Total
	kWh
	% of Total

	Fire/Police Stations
	1,202,092
	4.56%
	221,485
	5.94%
	1,423,577
	4.73%

	Parking Garages
	1,770,759
	6.72%
	647,093
	17.34%
	2,417,852
	8.04%

	Libraries
	357,215
	1.36%
	4,308
	0.12%
	361,523
	1.20%

	Town/City Office Bldgs
	2,809,608
	10.67%
	297,233
	7.97%
	3,106,841
	10.33%

	Recreation/Sr. Centers
	571,512
	2.17%
	147,142
	3.94%
	718,654
	2.39%

	Schools
	19,307,906
	73.31%
	1,799,765
	48.23%
	21,107,671
	70.20%

	Waste/Water Treatment
	316,608
	1.20%
	614,454
	16.47%
	931,062
	3.10%

	Total
	26,335,700
	100.00%
	3,731,480
	100.00%
	30,067,180
	100.00%


Table ES- 1: Program Annual Savings by Building Type and Service Territory
1.1 Savings Impact Results

Table ES- 2 presents a summary of the annual energy savings for the Municipal Program.  The table presents the tracking savings, the on-site savings, the realization rate, and the achieved relative precision by territory and at the system level.  The overall realization rate is 67.8% with an achieved relative precision of ±7.0%.  The 90% confidence interval is calculated to range from a low realization rate of 63.1% to a high realization rate of 72.6%.

	Adjusting Parameter 
	Energy Savings (kWh)
	Realization Rate
	Relative Precision

	NU System

	Tracking System
	30,067,180 
	100.0%
	N/A

	Documentation Adjustment
	28,759,559 
	95.7%
	±3.1%

	Final Adjusted Gross Estimate
	20,396,595 
	67.8%
	±7.0%

	CL&P Territory

	Tracking System
	26,335,700 
	100.0%
	N/A

	Documentation Adjustment
	25,072,748 
	95.2%
	±3.6%

	Final Adjusted Gross Estimate
	17,923,716 
	68.1%
	±8.0%

	WMECO Territory

	Tracking System
	3,731,480 
	100.0%
	N/A

	Documentation Adjustment
	3,686,811 
	98.8%
	±1.9%

	Final Adjusted Gross Estimate
	2,472,879 
	66.3%
	±4.3%


Table ES- 2: Annual Energy Savings Summary
Table ES- 3 presents a summary of the connected and peak demand reductions by territory. The table also includes the achieved relative precision associated with each estimate.  The summer peak demand reductions were calculated based on the expected demand reduction during weekday hours of 3 PM – 5 PM, June through September.  The winter peak reductions were calculated based on the expected demand reduction during weekday hours of 5 PM - 7 PM, October through May. The system peak demand reductions were calculated based on the expected demand reduction at hour ending 3 PM during summer months.  The system peak reduction is intended to represent the demand savings for the single hour in which the system consumption peaks while the summer peak reduction is diversified across two hours of time.  In aggregate, the Municipal Program produced 11,666 kW of connected demand savings, 3,849 kW of summer peak demand reductions, and 3,615 kW of winter peak demand reductions.  
	Adjusting Parameter 
	Demand Savings (kW)
	Relative Precision

	NU System

	Connected Demand
	11,666 
	±11.5%

	Summer Peak
	3,849 
	±13.9%

	Winter Peak
	3,615 
	±9.8%

	System Peak
	3,716 
	±13.2%

	CL&P Territory

	Connected Demand
	10,472 
	±12.7%

	Summer Peak
	3,413 
	±15.6%

	Winter Peak
	3,234 
	±10.9%

	System Peak
	3,296 
	±14.8%

	WMECO Territory

	Connected Demand
	1,194 
	±9.2%

	Summer Peak
	436 
	±12.5%

	Winter Peak
	381 
	±8.2%

	System Peak
	420 
	±16.3%


Table ES- 3: Demand Reductions Summary
1.2 Other Results

As part of this study, RLW also gathered information on Non-Electric Benefits (NEBS), program satisfaction, and thoughts on program improvements from the participant point of view.  The following bullets summarize these results.
· Prescriptive NEBS among the sample was calculated to be -$6,527 and Custom NEBS were calculated to be $20,435. 
· Eighty customers also reported NEBS that were not quantifiable, including better lighting, decreased maintenance, and ease of use of the program installed equipment. 

· When asked, 44 sampled customers reported they did not have any problems with the installed measures. Twenty give did report problems, with most reported issues revolving around sensor and lighting failures. 

· Better lighting, Energy savings, money savings and financing were reported as the top four most liked aspects of the program. 

· When asked about changes to the program that they would like to see, the most frequent response provided by surveyed participants was that the program should increase the variety of lighting offered and increase incentives available. 

· 78.2% of respondents reported that they were very satisfied with the program and 14.5% reported being somewhat satisfied.  Only 4.3% reported being not satisfied. 
1.3 Lessons Learned and Recommendations
Overall, the Municipal Program appears to be generating significant levels of energy savings as part of its turn key value-added services for customers under CL&P and WMECO’s energy conservation initiatives. To further refine these and similar programs in the future, RLW offers the following conclusions and recommendations for consideration:

· The primary driver of the programs’ 68% gross realization rate was a difference between tracking and measures operating hours.  This appears to be the result of over generalizing hours in the savings estimation process and not allowing for the calculation of tracking savings from unique hours estimated for each lighting location within a site.  It is recommended that NU encourage contractors to establish operating hours for each unique room type at each site visited and concurrently consider refining the savings calculation worksheet to operate at a location level. This practice is expected to provide more accurate tracking savings estimates.

· We also suggest some moderate level of on-site QA/QC activities, particularly at ‘other’ sites, to make sure that measures are properly installed.  Some of the reductions in the adjusted gross ‘other’ programs savings appear to be issues that could be diminished if some post inspection activities were performed. 

· As part of the documentation and file review process it was noted that many files included more than one summary sheet of savings by category (new, retrofit and occupancy sensors).  This caused some instances in which the final savings summary sheet was not used as the input to the tracking system estimate of savings.  Steps should be incorporated in the program process to ensure the final signed off savings summary is used as the tracking system estimate of impacts. 

· The prescriptive spreadsheets that are used by vendors to input the fixture type, quantity and hours of use include a sheet called “Fixtures With No Unit-Pricing Data.”  In some cases, there was not a one-to-one fixture replacement that needed to be input on this sheet, which forced the pre and post installed fixtures to be input on separate rows.  This caused a problem in a few instances where the “Weekly Hours Fixtures Are On” column was not filled in on the second line of the fixture replacement.  Staff utilizing this sheet should be encouraged to input all information on each row to ensure all savings calculation parameters are available to calculate savings on each line. 

· A concern repeated by several facility managers was that the electricians provided by the program did not appear qualified to do some of the work, particularly with respect to motor installations.  It might be useful if NU had two categories of electricians, those that are qualified for lighting only and those that can perform advanced measure installations. 
Introduction
This report summarizes the impact evaluation of the Municipal Program, which operated in the Western Massachusetts Electric Company (WMECO) and Connecticut Light and Power Company (CL&P) territories in 2004 and 2005.  This study was performed by RLW Analytics, Inc. (RLW) for Northeast Utilities.  In this report, we highlight the methodology of the study, its major conclusions, and make recommendations based on the findings of the study.
1.4 Program Description

The Municipal Program operated as a stand alone initiative in 2004 and 2005, although its program offerings had previously been part of other C&LM programs.  The Municipal Program is designed to promote the installation of energy efficient measures including lighting and other measures such as VFD’s and Motors.  In the CL&P territory, only lighting measures were installed.  In the WMECO territory, all measure type installations occurred, including lighting, motor, and VFD improvements.  The Municipal Program was heavily promoted in both service territories and provided larger incentives that other NU C&LM programs in order to overcome the financial barriers that limited program participation by this particular sector.  In early 2005 the program was ended in the CL&P territory and incentives were lowered in 2005 for WMECO customers.  The Municipal Program was operated through standard contracted relationships between NU and multiple contractors, who provided the direct services to the customers.
Table 1 presents the 2004/2005 Municipal Program savings by building type and service territory.  This information was originally provided in the RFP and later updated via a re-query of the Municipal Tracking System.  Over 87% of the program savings occurred in the CL&P territory with over 73% of the CL&P savings achieved in schools.  A noteworthy segment of program activity is that of waste/water treatment plants, where there were few savings in the CL&P territory (lighting only) but represented 16% of the WMECO savings.  There were nine waste/water treatment sites in WMECO, with six of them representing ‘other’ savings that were primarily motor, VSD or heat pump measures.
	Municipal Building Type
	CL&P Annual 
Savings
	WMECO Annual Savings
	NU Annual 
Savings

	
	kWh
	% of Total
	kWh
	% of Total
	kWh
	% of Total

	Fire/Police Stations
	1,202,092
	4.56%
	221,485
	5.94%
	1,423,577
	4.73%

	Parking Garages
	1,770,759
	6.72%
	647,093
	17.34%
	2,417,852
	8.04%

	Libraries
	357,215
	1.36%
	4,308
	0.12%
	361,523
	1.20%

	Town/City Office Bldgs
	2,809,608
	10.67%
	297,233
	7.97%
	3,106,841
	10.33%

	Recreation/Sr. Centers
	571,512
	2.17%
	147,142
	3.94%
	718,654
	2.39%

	Schools
	19,307,906
	73.31%
	1,799,765
	48.23%
	21,107,671
	70.20%

	Waste/Water Treatment
	316,608
	1.20%
	614,454
	16.47%
	931,062
	3.10%

	Total
	26,335,700
	100.00%
	3,731,480
	100.00%
	30,067,180
	100.00%


Table 1: Program Annual Savings by Building Type and Service Territory

Figure 1 summarizes the program’s activity at the system level during the time period that is being evaluated (2004-2005).  Included in this figure is the number of projects and energy savings by building type.  As presented in the figure, a total of 536 projects were completed with a total savings of 30,067 MWh.  The program was most active among schools, which represents 273 of the 536 projects and is expected to generate over 21,108 MWh of annual energy savings over the life of the measures.  Town/city offices had the next highest level of program activity with 98 projects.  Although not provided in this figure, in terms of savings per project, schools are the highest with an average of over 77.6 MWh, with parking garage projects the next highest average at 56.2 MWh.
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Figure 1: 2004-2005 System Program Summary

1.5 Impact Evaluation Objectives

This impact evaluation was designed to satisfy the objectives as described in the original RFP.
1. Estimate the adjusted gross annual energy savings achieved through the efforts of the Municipal Program during the 2004 and 2005 program years for the NU system and by territory at the end-use level. 

2. Evaluate the summer, winter and system peak demand reduction impacts of the 2004 and 2005 Municipal program efforts.
3. Identify and evaluate any Non-Electrical Benefits (NEBs) attributable to the measures installed through the program. 

4. Document and summarize the evaluation effort in a written report that provides all findings.
The approaches used in this evaluation were designed to build on past lessons learned through the evaluation process RLW has experienced in the performance of similar C/I impact evaluation work with NU and other selected utilities.  The 2004/2005 evaluation of the Municipal Program emphasized the unique characteristics of the program participants.

Study Tasks
To accomplish these objectives, RLW completed the following tasks:

1. Statistical sampling of the 2004 and 2005 Municipal population and acquire files of site and end-use savings estimates. 

2. File reviews of program documentation for program participants who are visited on site.

3. Comprehensive onsite engineering inspections on a sample of program participants who installed measures under the two program end-uses, comprised primarily of the lighting and other end-use categories.

4. Determination and quantification of the adjusted gross energy savings derived from program participation for the entire program population for 2004 and 2005 through a formal statistical expansion analysis.  Savings estimates were generated for site and program level impacts of annual energy savings, seasonal demand savings, connected demand savings, and system peak savings.  

5. Production of a written report that documents all impact and NEB findings, including a section identifying appropriate recommendations and other lessons learned as a result of the evaluation.  For projects where site visits were conducted, this report also includes a separate section containing site write ups that detail the calculation of energy savings and other site specific findings for the participant.

Sample Design and Selection
A model-based statistical sampling (MBSS) stratified sample design was used establish the foundation for conducting the on-site engineering assessments and completing the subsequent analysis of program impacts for the 2004-2005 Municipal Program.  A technical note on the subsequent MBSS Stratified Ratio Estimation approach is provided in Appendix A. 
The process of producing a sample design begins with a listing of all 2004-2005 program participants organized by service territory, end-use and tracking system estimate of savings.  As described in original the RFP, this final sample design sought to accomplish the following:

· Have all end uses represented in the final sample that is drawn, including motors and VSDs. 

· Seek a confidence/precision of 90/±10% for both service territories combined. In addition, the sampling should strive to achieve 90/±10% accuracy for both services territories.

The error ratio is of central importance to this sample design.  Since the true energy savings are unknown until after the study, the error ratio is estimated based upon prior experience.  For the preliminary sample design, we used error ratio estimates derived from historical C&I programs we have evaluated for other utilities in the Northeast as a guideline.  For sample design purposes, we selected an error ratio of .45 which is a reasonable estimate given the stable savings
 anticipated with the municipal lighting measures that represent the vast majority of overall program savings.

Table 2 presents the sample design constructed for the NU System in aggregate, i.e., it includes both service territory components.  The table presents the stratum identifier with the cut points based on annual savings, the population count, the total annual savings in the stratum, the proposed sample size and the case weight.

This preliminary design provides a sense of the sample size needed to optimize an analysis at the NU System level that targets a relative precision of ±9.9%.  This design uses an error ratio of 0.45.  It is important to note that this sample design considered each unique end-use/project as a sample unit and did not include projects for which there were payments without savings in the tracking system (of which there were 7 projects
).  The final sample size needed in this sample design is 50, spread evenly across the five strata. 

	Stratum
	Maximum Annual Savings (kWh)
	Population  Count (N)
	Total Annual Savings (kWh)
	Sample Size (n)
	Case Weight (N/n)

	1
	31,846
	293
	4,295,697
	10
	29.3

	2
	70,665
	110
	5,288,632
	10
	11.0

	3
	115,695
	65
	6,035,798
	10
	6.5

	4
	197,580
	44
	6,436,735
	10
	4.4

	5
	1,000,000
	24
	8,097,525
	10
	2.4

	Total
	536
	30,154,387
	50
	±9.9%


Table 2: Preliminary Sample Design to Target +/-9.9% at System Level

In exploring the preliminary sample design further, some of the disaggregated result precisions were predicted to be relatively poor.  For example, while the projected CL&P territory result was anticipated to be +/-10.6% in the preliminary design, the projected WMECO precision was +/-26.5%.   There are two ways to improve the precision of the WMECO class.  The first would be to add sample points to the existing stratification. The second, and more efficient way, is to treat each service territory as a dimension in the sample design.

Below we provide the sample design employed in the study in which each territory is independently targeted to achieve better than ±10.0%.  A total of 48 sites from the CL&P service territory yields a target precision of ±9.9% and 24 sites from the WMECO service territory yields a target precision of ±9.5%.

	
	CL&P - Lighting
	WMECo - Lighting
	WMECo - Other
	Total

	Stratum
	Maximum Annual Savings (kWh)
	Pop.  Count (N)
	Sample Size (n)
	Pop.  Count (N)
	Sample Size (n)
	Pop.  Count (N)
	Sample Size (n)
	Pop.  Count (N)
	Sample Size (n)

	1
	31,846 
	262
	10
	28
	4
	3
	1
	293
	15

	2
	70,665 
	95
	9
	14
	4
	1
	1
	110
	14

	3
	115,695 
	57
	10
	7
	4
	1
	1
	65
	15

	4
	197,580 
	39
	9
	1
	1
	4
	4
	44
	14

	5
	1,000,000 
	20
	10
	4
	4
	0
	0
	24
	14

	Total
	473
	48
	54
	17
	9
	7
	536
	72

	Anticipated Precision
	±9.9%
	±11.6%
	±6.4%
	±8.7%


Table 3: Sample Design to Target Precisions at Territory Level 

In examining these territory level sample designs, by targeting WMECO separately, the end-use precisions are predicted to be very good.  By distributing the 24 needed WMECO sample points among the two WMECO end-uses, the precision around the ‘other’ end-use was anticipated to be ±6.4%.  The overall precision at the NU system was anticipated to be approximately ±8.7%.
During the performance of the documentation reviews (next section), 4 sites went through slight changes in tracking system savings estimates.  In addition, a sample point was added due to a WMECO other site that also had lighting installed and evaluated.  The final sample design shifted slightly from the original design due to these changes.  The following table presents the final sample design as determined by post stratifying the population and sample with the final tracking estimates of savings.  The changes are minimal and include a slight shift in maximum savings in each strata and the movement of a handful of sites among the strata. 

	
	CL&P - Lighting
	WMECo - Lighting
	WMECo - Other
	Total

	Stratum
	Maximum Annual Savings (kWh)
	Pop.  Count (N)
	Sample Size (n)
	Pop.  Count (N)
	Sample Size (n)
	Pop.  Count (N)
	Sample Size (n)
	Pop.  Count (N)
	Sample Size (n)

	1
	32,141
	263
	11
	26
	4
	3
	1
	292
	17

	2
	69,892
	91
	8
	17
	5
	1
	1
	109
	14

	3
	111,600
	58
	10
	7
	4
	1
	1
	66
	15

	4
	194,432
	40
	9
	1
	1
	4
	4
	45
	14

	5
	1,000,000
	21
	10
	3
	3
	0
	 0
	24
	13

	Total
	473
	48
	54
	17
	9
	7
	536
	73

	Final Achieved Precision
	±8.0%
	±5.4%
	±2.9%
	±7.0%


Table 4: Final Sample Design to Target Precisions at Territory Level

Documentation Review

The first step in the preparation for the on-site engineering assessment was the performance of a review of existing program documents available from NU's files, including any program vendor paperwork available.  The file review consisted of all measures installed during the 2004-2005 program years for each on-site participant for the end-uses of interest.  At the time of the file review, the supporting analysis of the final tracking system number for each measure was verified and recreated.  When needed, RLW gathered the standard savings calculation spreadsheet from NU for purposes of clarifying the analysis of estimated project savings.  This included gathering any change orders submitted made to the savings calculation spreadsheet.  The savings calculation spreadsheets were at the measure type level of information, and not by measure location.  Some files contained additional detail on the location of measures, although many did not.   An outcome of this is that for some sites, RLW had to find the installed fixtures with the help of the site contact.
The purpose of the file review was two-fold.  First, each comprehensive file review provided a double-check of the program tracking system values for each measure by comparing the tracking system values to the inspection report values contained in the file.  Second, the file review provided a means for evaluators to gather relevant information on the project in preparation for the M&V planning and measure assessments during the on-site visit.  In this regard, the files were also used to provide contact information as needed for use in recruitment.  

Any discrepancies between the tracking estimate of savings and the file review estimate were documented and provided to the NU project manager to determine if alternate data were available that better matched the tracking system values.  Any discrepancies attributed to calculation errors found as the result of the file reviews were submitted to the NU Project Manager, including some that triggered a slight change in four 2005 project tracking savings.   All file review savings estimates with all necessary follow-up notes were tracked in the evaluation database for use in the final analysis.  This initial review of projects served to ensure a consistent and numerically sound base from which to proceed with the on-site evaluations and the subsequent analyses.

Survey Instrument

Before going on-site, RLW designed an on-site interview guide/survey.  This guide was used during discussions with the decision maker and/or facility representative of the site to gather some information on the site as well as some basic information on program satisfaction and experience.  The survey focused on the following activities:

· Verify site visit findings (e.g., operating hours, control strategies, production levels, etc.), 

· Gather information on Non-Energy Benefits, and
· Gather information on program satisfaction and the customer experience with the program. 

The personal interview was found to be instrumental in identifying, analyzing and integrating issues relating directly to the determination of program impacts.  The interview guide is provided in Appendix B.
M&V of Energy and Demand

The purpose of this task was to develop and implement an approach for the measurement and verification (M&V) of energy and demand savings at each sampled site.  A final M&V plan is provided in Appendix C of this Work Plan.  This M&V plan was developed as part of the study work plan and addressed the end-uses of interest to this study, including lighting, motors, and VSDs.  Following the M&V plan, each on-site was visited and independent determinations of energy and demand savings were made.  The on-site engineering work and findings for each site is contained in the site reports provided as Appendix D to this report.  

Over half of the Municipal projects in the 2004/2005 population occurred at schools. RLW has used information from the analysis and reporting of a schools lighting baseline study
 that gathered comprehensive logger data on hours of use of all major school schedules in Connecticut and WMECO’s service territory to inform these savings estimates.  At those schools visited in the sample, RLW gathered measure quantity and verified measure technology to ensure consistency with the tracking data. However, data from the baseline study were used to inform the operating hours of the school lighting in this study.  These hours were applied based upon fixture location and control.

It should be noted that in the baseline report, the analysis included information on the relationship between room occupancy and room lighting.  These data were captured via a logger that had both an occupancy sensor and a lighting sensor.  Using these data, we were able to estimate the hour reductions due to sensors in this municipal study.  We used the estimated LIT hours to represent baseline hours. The LIT and UNOCCUPIED hours, adjusted for a 30 minute sensor lag, were used to determine the hours of lighting use saved as a result of the installation of occupancy sensors.  The hours used in this study as calculated from the baseline study are provided as a part of Appendix C.  For all non-school sites, RLW performed all aspects of M&V, including any metering needed to accurately estimate hours of operation. Figure 2 presents a summary of how RLW applied the hours of operation to the lighting analyzed in this study.
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Lighting Hour Application Approach Overview                

66 lighting sites performed

Non-School Sites (25) School Sites (41)

Activities Undertaken

Logged installed controls and 

lighting circuits representing 

major lighting schedules and 

program savings.  

Installed loggers for a minimum of 

three weeks.

Analysis Undertaken

The lighting savings at these sites 

used the captured logger hours. 

Activities Undertaken

Used logger and occupancy data 

based upon the schools baseline 

study monitoring data.  

Analysis Undertaken

The lighting savings at these sites 

used the calculated on hours 

from the baseline study to 

represent the hours of use of 

manual controlled circuits.  The 

use of occupancy data from the 

baseline study informed the hours 

of lighting controlled by 

occupancy sensors.

Logged hours are used to 

calculate site level energy 

savings.  

Baseline monitoring data is used 

to calculate site level energy 

savings.  


Figure 2: Lighting Hours of Use Application Approach Overview

Data Analysis 
In the analysis phase of this study, the gross energy, peak demand and connected demand site results, and the adjusted gross estimates are compared through a ratio term that represents observed performance in the field relative to expectations documented in the project application.  This realization rate, the ratio of on-site engineering estimates (adjusted gross) to NU program tracking savings (gross), is the common reference for the analytical phase.
As part of the analysis work, RLW provides lighting impacts on the final realization rate by three factors.  We provide analysis and results by each adjustment factor impacting the final savings estimates, including on-site observed discrepancies in technology, quantity, and hours of operation.  Providing results by these adjustment factors provides a better understanding of the realization rate, which can be used in turn to drive the development of approaches for improving savings estimates for measures such as lighting, which are prevalent in the Municipal Program.  The various levels of disaggregation are sample weighted and statistically representative of the population.  As part of the analytical approach, the overall level of level of confidence in the results is determined by calculating the statistical precision of each disaggregated reporting level.  Table 5 presents each of the adjustment factors analyzed and reported as part of the lighting analysis in this study.
	Adjustment
	Definition

	Documentation Adjustment
	The Documentation Adjustment reflects any change in savings due to discrepancies in project documentation.  Evaluators recalculated the tracking estimates of savings using all quantities, technology types/wattages, and hours documented in the project file.  All tracking system discrepancies and documentation errors are reflected in this adjustment. 

	Technology Adjustment
	The Technology Adjustment reflects the change in savings due to the identification of a different technology (type and wattage) at the site than represented in the tracking system estimate of savings.  

	Quantity Adjustment
	The Quantity Adjustment reflects the change in savings due to the identification of a different quantity of equipment at the site than presented in the tracking system estimate of savings.  

	Operation Adjustment
	The Operation Adjustment reflects the change in savings due to the observation or monitoring of different operating hours at the site than represented in the tracking system estimate of savings.  

	Heating and Cooling Adjustment
	The Heating Adjustment and Cooling Adjustment reflect changes in savings due to interaction between the installed measures and HVAC systems among the sampled sites.  Generally, these impacts cause a heating penalty and a cooling credit.  This adjustment reflects impacts from electric heating and/or cooling.


Table 5: Definition of Lighting Adjustment Factors

The summer and winter coincident peak and system peaks used in this study are defined below.  The system peak reduction is intended to represent the demand savings for the single hour in which the system consumption peaks while the summer peak reduction is diversified across two hours of time.  
· Summer: weekday hours of 3 PM – 5 PM, June thru September.
· Winter: weekday hours of 5 PM-7 PM, October thru May.
· System: hour ending 3pm (summer), based upon logger data from metering period. 
Study Results

This section of the report provides the demand, energy, and peak savings estimates with their associated realization rate and relative precision.  The service territory results are presented first, followed by results by end-use.
1.6 Service Territory Results
1.6.1 On-Site Findings

A summary of the on-site findings associated with CL&P measures is presented in Table 6.  All CL&P measures installed through this program were lighting measures.  The table presents information on each sampled point, including the tracking and on-site savings estimates.  In reviewing the columns reflecting actual and percent differences between the tracking system savings and on-site savings, substantial changes in savings were found in most sites, with the majority of those changes yielding lower savings than originally reported.  Only 15 of these 48 sites had an absolute difference within ±20%.  The differences in energy savings range from a low of -74.0% to a high of 41.3%.
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Lighting
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Lighting
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Lighting
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-44.3%

EA04P161

Lighting

Schools

3
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65,657
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WE05P015

Lighting
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4
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Lighting
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Lighting
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4
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5.7%
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Lighting

Schools

4
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-44,560

-31.7%

WE04P247

Lighting
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4

151,420
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11,796

7.8%

EA04P244

Lighting

Schools

4

155,364

 

 

115,222

  

 

-40,142

-25.8%
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Lighting
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-53.3%

WE04P238

Lighting

Town/City Offices

5

249,982

 

 

199,106

  

 

-50,876

-20.4%
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Lighting
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Lighting

Garage
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-6.5%
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Lighting
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-11.7%

CE04P174

Lighting

Schools
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-44.4%
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Lighting

Schools
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-63.1%
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Lighting
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5
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279,098

  

 

-236,954

-45.9%
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On-Site 

Savings

Project Number

End Use
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Table 6: CL&P On-Site Energy Savings
Table 7 summarizes the calculated on-site demand reductions associated with the measures presented above.  The table contains the project number, end-use, site type, stratum, connected demand reductions, summer peak demand reductions, winter peak demand reductions, and system demand reductions.  The connected demand reductions range from 1.8 kW to 249.1 kW.  Summer, winter, and system demand reductions all range from 0.0 kW to 65.0 kW.
[image: image4.wmf]Connected

Summer

Winter

System

EA04P222

Lighting

Recreation and Sr. Center

1

2.36

1.17

0.32

1.02

EA04P268

Lighting

Town/City Offices

1

1.75

0.34

0.78

0.26

CE04P221

Lighting

Library

1

2.69

2.70

1.97

2.70

CE04P115

Lighting

Fire/Police

1

2.24

2.17

2.12

2.16

WE05P011

Lighting

Schools

1

13.12

2.43

3.62

2.27

EA04P125

Lighting

Schools

1

4.97

1.65

2.41

1.23

WE04P193

Lighting

Schools

1

6.79

1.71

2.63

1.35

CE04P167

Lighting

Garage

1

10.22

1.21

0.64

1.88

CE04P276

Lighting

Town/City Offices

1

20.91

13.38

4.87

11.39

EA04P182

Lighting

Schools

1

17.01

4.66

6.84

3.99

WE04P155

Lighting

Schools

1

6.81

3.17

3.27

2.75

WE05P033

Lighting

Schools

2

14.20

3.94

4.62

3.99

WE05P054

Lighting

Schools

2

10.01

4.17

5.72

3.77

EA04P183

Lighting

Schools

2

19.81

5.66

8.36

5.00

CE04P188

Lighting

Recreation and Sr. Center

2

24.59

14.89

12.10

14.05

WE05P045

Lighting

Fire/Police

2

6.29

2.56

2.51

2.52

WE04P248

Lighting

Schools

2

13.55

4.31

5.24

3.47

CE05P012

Lighting

Town/City Offices

2

17.18

10.87

9.54

14.05

CE04P264

Lighting

Schools

2

52.63

8.91

9.35

7.62

WE04P098

Lighting

Schools

3

53.88

9.72

13.21

8.73

CE04P125

Lighting

Schools

3

16.27

5.41

7.90

4.01

WE04P270

Lighting

Schools

3

22.95

11.24

7.55

10.94

WE04P080

Lighting

Schools

3

51.34

8.24

10.49

7.51

CE04P260

Lighting

Schools

3

33.11

14.22

9.76

13.78

WE04P164

Lighting

Schools

3

30.29

7.78

7.39

7.65

CE04P130

Lighting

Fire/Police

3

13.21

12.56

12.28

12.98

CE04P228

Lighting

Schools

3

91.55

13.48

5.79

11.62

WE04P258

Lighting

Town/City Offices

3

33.62

4.71

0.00

25.12

EA04P161

Lighting

Schools

3

31.24

9.73

13.10

7.96

CE04P158

Lighting

Schools

4

64.26

11.70

16.55

10.59

WE05P015

Lighting

Schools

4

55.16

28.49

13.32

27.65

CE04P091

Lighting

Recreation and Sr. Center

4

62.84

37.12

39.81

28.64

WE04P100

Lighting

Schools

4

21.33

5.34

6.81

5.11

CE04P140

Lighting

Schools

4

59.13

8.05

11.05

7.08

WE04P230

Lighting

Garage

4

18.82

18.82

18.82

18.82

EA05P298

Lighting

Schools

4
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Lighting
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5
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17.88
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WE04P238
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Town/City Offices

5

60.20
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65.05

CE05P134

Lighting

Schools

5

89.05

18.52

18.76

17.41

WE04P025

Lighting

Schools

5

98.53

19.40

22.00

17.66

EA04P278

Lighting
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33.24

33.18

33.18

33.18

EA04P277

Lighting
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33.98
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CE04P174

Lighting
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Lighting
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19.74

22.76
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Lighting
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Demand Impacts

Project Number

End Use

Site Type

Stratum


Table 7: CL&P On-Site Demand Reductions
Figure 3 presents a scatter plot of the CL&P tracking system estimates of savings versus the adjusted gross, on-site engineering estimates of savings for the sampled CL&P participants.  A one-to-one reference line is plotted as a dashed line on the diagonal.  In addition, the gross realization rate for lighting is plotted as a solid line reflecting the average savings-weighted realization rate of the sample points
.  Municipal measures installed in the CL&P territory had an adjusted gross realization rate of 68.1% and a statistical precision of ±8.0%.
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Figure 3: CL&P Tracking System vs. Gross On-Site Energy Savings Scatterplot
Table 8 summarizes the on-site findings associated with measures installed in the WMECO territory. As was the case with the CL&P table above, substantial differences were found between the tracking system savings and the on-site savings.  Only 7 of these 25 sites had an absolute difference within ±20%.  The differences in energy savings range from a low of -80.6% to a high of -3.4%.
[image: image6.wmf]Actual

Percent

WM04P102

Lighting

Town/City Offices

1

4,150

     

 

1,184

     

 

-2,966

-71.5%

WM04P143

Other

Town/City Offices

1

8,067

     

 

6,801

     

 

-1,266

-15.7%

WM05P142

Other

Schools

1

15,175

   

 

8,411

     

 

-6,764

-44.6%

WM03P144

Lighting

Schools

1

15,616

   

 

9,592

     

 

-6,024

-38.6%

WM05P129

Other

Waste/Water Treatment

1

17,150

   

 

9,542

     

 

-7,608

-44.4%

WM05P123

Other

Waste/Water Treatment

1

22,360

   

 

19,202

   

 

-3,158

-14.1%

WM05P161

Other

Schools

2

34,385

   

 

16,817

   

 

-17,568

-51.1%

WM03P141

Lighting

Schools

2

37,303

   

 

18,332

   

 

-18,971

-50.9%

WM05P116

Lighting

Recreation and Sr. Center

2

51,722

   

 

33,453

   

 

-18,269

-35.3%

WM04P143

Lighting

Town/City Offices

2

67,260

   

 

51,785

   

 

-15,475

-23.0%

WM05P124

Other

Schools

2

68,290

   

 

37,847

   

 

-30,443

-44.6%

WM05P108

Lighting

Schools

2

68,815

   

 

32,206

   

 

-36,609

-53.2%

WM03P122

Lighting

Waste/Water Treatment

3

71,801

   

 

69,346

   

 

-2,455

-3.4%

WM05P133

Other

Schools

3

79,279

   

 

15,347

   

 

-63,932

-80.6%

WM05P117

Lighting

Schools

3

90,901

   

 

63,514

   

 

-27,387

-30.1%

WM05P122

Other

Recreation and Sr. Center

3

95,420

   

 

82,664

   

 

-12,756

-13.4%

WM05P121

Lighting

Town/City Offices

3

102,438

 

 

72,813

   

 

-29,625

-28.9%

WM03P109

Lighting

Waste/Water Treatment

4

118,754

 

 

93,950

   

 

-24,804

-20.9%

WM04P107

Lighting

Schools

4

119,186

 

 

112,914

  

 

-6,272

-5.3%

WM03P133

Lighting

Waste/Water Treatment

4

147,374

 

 

50,069

   

 

-97,305

-66.0%

WM04P105

Lighting

Waste/Water Treatment

4

155,385

 

 

104,054

  

 

-51,331

-33.0%

WM04P115

Lighting

Fire/Police

4

176,385

 

 

155,723

  

 

-20,662

-11.7%

WM04P110

Lighting

Schools

5

308,818

 

 

87,575

   

 

-221,243

-71.6%

WM03P145

Lighting

Garage

5

315,745

 

 

282,478

  

 

-33,267

-10.5%

WM05P111

Lighting

Garage

5

331,348

 

 

302,500

  

 

-28,848

-8.7%

Tracking 

Savings

On-Site 

Savings

Difference

Project Number

End Use

Site Type

Stratum


Table 8: WMECO On-Site Energy Savings
Table 9 summarizes the estimated demand reductions associated with the measures installed in WMECO’s territory.  The connected demand reductions range from 1.5 kW to 251.7 kW.  Summer, winter, and system demand reductions all range from 0.0 kW to 54.2 kW.
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WM05P122

Other

Recreation and Sr. Center

3

23.15

20.36

16.68

20.36

WM05P121

Lighting

Town/City Offices

3

17.04

12.74

8.91

12.61

WM03P109

Lighting

Waste/Water Treatment

4

29.19

1.72

14.73

1.38

WM04P107

Lighting

Schools

4

251.72

54.18

4.21

27.37

WM03P133

Lighting

Waste/Water Treatment

4

19.77

0.00

7.95

0.00

WM04P105

Lighting

Waste/Water Treatment

4

17.70

6.94

16.48

6.95

WM04P115

Lighting

Fire/Police

4

24.92

26.03

18.65

26.12

WM04P110

Lighting

Schools

5

136.14

17.54

23.66

13.82

WM03P145

Lighting

Garage

5

38.70

37.87

33.22

38.69

WM05P111

Lighting

Garage

5

34.53

34.53

34.53

34.53

Demand Impacts

Project Number

End Use

Site Type

Stratum


Table 9: WMECO On-Site Demand Reductions
Figure 4 presents a scatter plot of the WMECO tracking system estimates of savings versus the adjusted gross, on-site engineering estimates of savings for the sampled WMECO participants.  A one-to-one reference line is plotted as a dashed line on the diagonal.  Other measures had an adjusted gross realization rate of 66.3% and a statistical precision of ±4.3%. 
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Figure 4: WMECO Tracking System vs. Gross On-Site Energy Savings Scatterplot
1.6.2 Analysis Results

Table 10 presents the results of the stratified ratio estimation (SRE) analysis conducted on the CL&P on-site annual energy savings.  The table presents the tracking system total of annual energy savings for the total program, the documentation/file review adjusted savings and the final adjusted gross estimate of savings for the territory.  In addition, this table shows the realization rate calculated as the total on-site savings divided by the total tracking savings and the achieved relative precision.  The on-site analysis yields a realization rate of 68.1% with an achieved relative precision of ±8.0%.  Using the data to calculate a 90% confidence interval yields an estimate in the range between 16,489,819 kWh to 19,357,613 kWh.  This yields a 90% confidence interval for the realization of 62.6% to 73.5%.

	Adjusting Parameter 
	Energy Savings (kWh)
	Realization Rate
	Relative Precision

	CL&P Territory

	Tracking System
	26,335,700 
	100.0%
	N/A

	Documentation/File Review Adjustment
	25,072,748 
	95.2%
	±3.6%

	Final Adjusted Gross Estimate
	17,923,716 
	68.1%
	±8.0%


Table 10:  CL&P Annual Energy Savings Summary
Table 11 presents a summary of the on-site demand reductions for CL&P.  The table displays the connected, summer peak, winter peak and system demand reductions.  The achieved relative precision associated with the estimate is provided.  The total connected demand savings from the program in CL&P is estimated to be 10,472 kW.  At summer peak the lighting savings associated with the Municipal Program are estimated to be 3,413 kW.  The winter peak savings are slightly lower with an estimate of approximately 3,234 kW while the system peak savings are estimated to be 3,296 kW.

	Demand Result
	 avings (kW)
	Relative Precision

	CL&P Territory

	Connected Demand
	10,472
	±12.7%

	Summer Peak
	3,413
	±15.6%

	Winter Peak
	3,234
	±10.9%

	System Peak
	3,296
	±14.8%


Table 11:  CL&P Demand Reductions Summary
Table 12 presents the results of the stratified ratio estimation (SRE) analysis conducted on the WMECO on-site annual energy savings.  The table presents the tracking system total of annual energy savings for the total program, the documentation/file review adjusted savings and the final adjusted gross estimate of savings for the territory.  In addition, this table shows the realization rate calculated as the total on-site savings divided by the total tracking savings and the achieved relative precision.  The on-site analysis yields a realization rate of 66.3% with an achieved relative precision of ±4.3%.  Using the data to calculate a 90% confidence interval yields an estimate in the range between 2,365,929 kWh to 2,579,829 kWh.  This yields a 90% confidence interval for the realization of 63.4% to 69.1%.

	Adjusting Parameter 
	Energy Savings (kWh)
	Realization Rate
	Relative Precision

	WMECO Territory

	Tracking System
	3,731,480 
	100.0%
	N/A

	Documentation Adjustment
	3,686,811 
	98.8%
	±1.9%

	Final Adjusted Gross Estimate
	2,472,879 
	66.3%
	±4.3%


Table 12:  WMECO Annual Energy Savings Summary
Table 13 presents a summary of the on-site demand reductions for WMECO.  The total connected demand savings from the program in WMECO are estimated to be 1,194 kW.  At summer peak the lighting savings associated with the Municipal Program are estimated to be 436 kW.  The winter peak savings are slightly lower with an estimate of approximately 381 kW while the system peak savings that occur in the summer are estimated to be 420 kW.

	Demand Result
	 Savings (kW)
	Relative Precision

	WMECO Territory

	Connected Demand
	1,194 
	±9.2%

	Summer Peak
	436 
	±12.5%

	Winter Peak
	381 
	±8.2%

	System Peak
	420 
	±16.3%


Table 13:  WMECO Demand Reductions Summary
1.7 Measure Type Results
As part of the Municipal Program tracking system, program savings were allocated into various ‘benefit types’ or end-uses.  There were two end-uses in the 2004 and 2005 program; lighting and other.  This section presents the energy savings and realization rates for lighting and other measures.
1.7.1 On-Site Findings

Figure 5 presents a scatter plot of the CL&P and WMECO tracking system estimates of lighting savings versus the adjusted gross, on-site engineering estimates of lighting savings for the sampled participants.  A one-to-one reference line is plotted as a dashed line on the diagonal.   In addition, the gross realization rate for lighting is plotted as a solid line reflecting the average savings-weighted realization rate of the sample points.  Lighting measures had an adjusted gross realization rate of 67.8% and a statistical precision of ±7.2%. 
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Figure 5: CL&P and WMECO Lighting Tracking System vs. On-Site Scatterplot

Figure 6 presents a scatter plot of the tracking system estimates of ‘other’ savings versus the adjusted gross, on-site engineering estimates of ‘other’ savings for the sampled participants.  Recall, other savings only occurred in the WMECO service territory.  A one-to-one reference line is plotted as a dashed line on the diagonal.  Other measures had an adjusted gross realization rate of 70.8% and a statistical precision of ±2.9%.
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Figure 6: WMECO Other Tracking System vs. On-Site Scatterplot
1.7.2 Lighting Analysis Results
Table 14 presents the measure level savings summary for the lighting end-use.  Recall that since lighting comprises the vast majority of Municipal Program savings, we took steps to analyze the lighting sites in a manner that would illustrate the drivers behind the gross adjusted savings estimates.  These lighting measure adjustment factors impacting the final savings estimates include on-site observed discrepancies in technology, quantity and hours of operation.  The overall adjusted gross estimate of savings at the NU System level for lighting is 19,880,020 kWh, or 67.8% of the tracking system estimate of savings.  In reviewing the factors that influenced this savings estimate, it is clear that the lighting hours of operation had the largest effect, causing the savings to go from a realization rate of 93% after adjusting for fixture quantity to 67.5% after adjusting for hours of operation.  The quantity and technology adjustment appear to be only collaterally contributing to the low realization rate compared to the impact of observed hours of operation.  This phenomenon occurred in both the CL&P and WMECO estimates of lighting savings.
	Adjusting Parameter 
	On-Site (kWh)
	Realization Rate
	Relative Precision

	NU System Lighting

	Tracking System
	29,337,214
	100.0%
	N/A

	Documentation Adjustment
	28,034,945
	95.6%
	±3.2%

	Technical Adjustment
	28,104,759
	95.8%
	±3.5%

	Quantity Adjustment
	27,288,521
	93.0%
	±3.7%

	Operation Adjustment
	19,799,975
	67.5%
	±7.1%

	Heating Interaction Adjustment
	19,676,548
	67.1%
	±7.2%

	Cooling Interaction Adjustment
	19,880,020
	67.8%
	±7.2%

	Final Adjusted Gross Estimate
	19,880,020
	67.8%
	±7.2%

	CL&P Lighting

	Tracking System
	26,335,700
	100.0%
	N/A

	Documentation Adjustment
	25,072,748
	95.2%
	±3.6%

	Technical Adjustment
	25,142,562
	95.5%
	±3.9%

	Quantity Adjustment
	24,485,873
	93.0%
	±4.1%

	Operation Adjustment
	17,874,818
	67.9%
	±7.8%

	Heating Interaction Adjustment
	17,751,391
	67.4%
	±7.9%

	Cooling Interaction Adjustment
	17,923,716
	68.1%
	±8.0%

	Final Adjusted Gross Estimate
	17,923,716
	68.1%
	±8.0%

	WMECO Lighting

	Tracking System
	3,001,514
	100.0%
	N/A

	Documentation Adjustment
	2,962,197
	98.7%
	±2.4%

	Technical Adjustment
	2,962,197
	98.7%
	±2.4%

	Quantity Adjustment
	2,802,648
	93.4%
	±3.2%

	Operation Adjustment
	1,925,157
	64.1%
	±5.3%

	Heating Interaction Adjustment
	1,925,157
	64.1%
	±5.3%

	Cooling Interaction Adjustment
	1,956,304
	65.2%
	±5.4%

	Final Adjusted Gross Estimate
	1,956,304
	65.2%
	±5.4%


Table 14:  Measure Level Savings for Lighting End-Use
To better illustrate the cause of the low lighting hours of operation, Table 15 provides the tracking hours and school study hours for schools.   Over 73% of the programs tracking savings occurred in schools, and schools represented 273 out of 536 program projects.  As is clear in the table, 12 of the 14 locations in schools experienced reductions in their operating hours, including 8 with reductions of more than 30%.  These changes in hours of operation were the primary driver of the lighting realization rate. 
	Room Type
	Trk Post Hours
	School Study Post Hrs
	Trk vs. School Study % Difference

	Auditorium
	2,572
	1,667
	-35.2%

	Cafeteria
	2,138
	2,196
	2.7%

	Classroom
	2,902
	1,844
	-36.5%

	Gymnasium
	3,950
	2,076
	-47.4%

	Hallway
	3,024
	3,129
	3.5%

	Kitchen
	2,777
	1,625
	-41.5%

	Library
	2,858
	2,087
	-27.0%

	Locker Room
	3,284
	2,198
	-33.1%

	Mechanical Room
	2,892
	940
	-67.5%

	Office
	2,934
	2,236
	-23.8%

	Other
	2,313
	1,826
	-21.1%

	Restroom
	3,086
	2,380
	-22.9%

	Storage Room
	2,846
	800
	-71.9%

	Teacher Lounge
	3,033
	1,879
	-38.0%


Table 15: Comparison of School Tracking and Baseline Hours
1.7.3 Other Analysis Results

Table 16 presents the measure level savings summary for the other end-use.  Recall that only WMECO had other savings in this category.   As a result, the WMECO other impacts are synonymous with that of the NU System.  The total annual other measure tracking savings are 729,966 kWh and the total annual on-site savings are 516,575 kWh, resulting in a realization rate of 70.8%.  Other savings are primarily comprised of pump motors, VFDs and heat pumps.
	Adjusting Parameter 
	On-Site (kWh)
	Realization Rate
	Relative Precision

	WMECO / NU System

	Tracking System
	729,966 
	100.0%
	N/A

	Documentation Adjustment
	724,614 
	99.3%
	±1.0%

	Final Adjusted Gross Estimate
	516,575 
	70.8%
	±2.9%


Table 16:  Measure Level Savings for Other End-Use
As observed in the table above, the other measures had a significant decrease in the on-site savings estimate of approximately 29% of the tracking savings estimate.  This was primarily due to two reasons.  The first reason, which accounted for about 48% of the reduction, was that some of the measures were not installed.  In one instance the facility contact indicated that they did not believe that the electrician provided by the program was qualified to install the new energy efficient motor and they weren’t willing to risk losing their primary sludge pump. In another case the facility contact did not believe that a scheme to limit trickling filter recirculation would work without adversely impacting the discharge water quality from a waste water treatment facility.  

The other factor that impacted the savings of the other measures was a reduction in the operating hours for the measure.  For example, there were two sites that had well pumps installed, one with a VFD and one that was just an efficiency upgrade.  In the case of the well pump with the VFD, the facility contact indicated that the pump would operate continuously.  However, the metered data on the pump showed that the pump only operated about 58% of the time.  The other water pumping facility had a new energy efficient motor installed by an electrician that failed to perform a laser alignment and the motor was run for a few days before he was called back by the facility staff.  After the installation of the new energy efficient motor, the output of the pump dropped (about 7%).  The decrease in output resulted in a 40% decrease in operating hours from 5,000 hours to 2,976 hours, because the pump could only meet water supply needs for four months of the year and another pump with a higher output was used for the remainder of the year.

1.8 Savings Summary
The following sections provide a summary of savings at the NU System level, including energy savings and demand savings.
1.8.1 Annual Energy Savings

Table 17 presents a summary of the annual energy savings for the Municipal Program.  The table presents the tracking savings, the on-site savings, the realization rate, and the achieved relative precision by territory and at the system level.  The overall realization rate is 67.8% with an achieved relative precision of ±7.0%.  The 90% confidence interval is calculated to range from a low of realization rate of 63.1% to a high realization rate of 72.6%.
	Adjusting Parameter 
	Energy Savings (kWh)
	Realization Rate
	Relative Precision

	NU System

	Tracking System
	30,067,180 
	100.0%
	N/A

	Documentation Adjustment
	28,759,559 
	95.7%
	±3.1%

	Final Adjusted Gross Estimate
	20,396,595 
	67.8%
	±7.0%

	CL&P Territory

	Tracking System
	26,335,700 
	100.0%
	N/A

	Documentation Adjustment
	25,072,748 
	95.2%
	±3.6%

	Final Adjusted Gross Estimate
	17,923,716 
	68.1%
	±8.0%

	WMECO Territory

	Tracking System
	3,731,480 
	100.0%
	N/A

	Documentation Adjustment
	3,686,811 
	98.8%
	±1.9%

	Final Adjusted Gross Estimate
	2,472,879 
	66.3%
	±4.3%


Table 17:  Annual Energy Savings Summary
1.8.2 Connected and Peak Demand Reductions

Table 18 presents a summary of the connected and peak demand reductions by territory. The table also includes the achieved relative precision associated with each estimate.  In aggregate, the Municipal Program achieved 11,666 kW of connected demand savings, 3,849 kW of summer peak demand reductions and 3,615 kW of winter peak demand reductions.  
	Adjusting Parameter 
	Demand Savings (kW)
	Relative Precision

	NU System

	Connected Demand
	11,666 
	±11.5%

	Summer Peak
	3,849 
	±13.9%

	Winter Peak
	3,615 
	±9.8%

	System Peak
	3,716 
	±13.2%

	CL&P Territory

	Connected Demand
	10,472 
	±12.7%

	Summer Peak
	3,413 
	±15.6%

	Winter Peak
	3,234 
	±10.9%

	System Peak
	3,296 
	±14.8%

	WMECO Territory

	Connected Demand
	1,194 
	±9.2%

	Summer Peak
	436 
	±12.5%

	Winter Peak
	381 
	±8.2%

	System Peak
	420 
	±16.3%


Table 18:  Demand Reductions Summary
Non-Electric Benefits

NEBs are tangible and quantifiable benefits and costs that are incurred as a result of completing a project that was intended primarily to save electricity.   Some key side-effects of electric efficiency improvements include energy impacts such as fuel oil and natural gas consumption, and the effects can be either a benefit or penalty to the bottom line. 

NEBs generally fall into one of the following categories.
	· Fuel Oil Consumption 

· Natural or LP Gas

· Water

· Wastewater
	· Labor

· Materials

· Environmental

· Other – including Customer  Perceived Impacts


Table 19:  NEBs Categories

As part of our on-site evaluation work, RLW engineers collected information with which to compute heating and cooling interaction in MBTU’s.  During on-site impact visits, RLW field staff observed NEBs using a simple line of questioning akin to the following:

· Other than electric costs, does this efficiency measure have any additional impacts on your facility, either positive or negative?

· Can you quantify this impact in terms of dollar savings/cost?

· What about relative to the electric energy savings…does this impact increase or decrease the measure’s value to you?  Can you quantify this at all?  By approximately what percentage?
· Are there any other less tangible benefits or more indirect benefits such as improved employee morale or improved production?

In this study, we made a distinction between Prescriptive NEBS, Custom NEBS, and Customer Perceived NEBS.  In addition, we gathered information on NEBS that customers reported but were unable to quantify.  At the outset of the study, it was determined that given the high installation rates of lighting in the Municipal program, the determination of NEBS for this particular measure was best determined from a previous study of prescriptive lighting NEBS in Massachusetts
.   In this study, a list of measures and their calculated NEB dollar savings were calculated, as presented in Table 20.  Since this study was done for Massachusetts and is relatively recent, we used these values for the lighting NEB calculations.  In these calculations, there are separate NEB impacts for interactive impacts with fossil fuel (last row), which RLW applied to lighting units installed in fossil fuel heated spaces. The kWh savings are included in the benefits to cooling due to the reduced heat from the more efficient lighting.
	Prescriptive Measure
	NEBS Present Value ($/unit)
	NEBS Levelized Annual ($/unit)
	Unit
	Analysis Period (yrs)
	Source of non-electric benefits

	LED Exit Signs — Retrofit Only
	$ 372
	$30.30
	Exit Sign
	15
	Avoided Incandescent bulbs and labor.

	CFL Fixtures
	$ 150
	$12.21
	Fixture
	15
	Avoided Incandescent bulbs and labor.

	T8 Lamp/Ballasts — Retrofit Only
	$ 4.10
	$0.33
	Ballast
	15
	Variable component (lamp and ballast) equipment and labor costs and lifetimes.

	Super T8 Lamp/Ballasts — Retrofit Only
	$ 0.081
	$0.0066
	Ballast
	15
	Variable component (lamp and ballast) equipment and labor costs and lifetimes.

	Reflectors & T8 lamps/Ballasts — Retrofit Only
	$ 10.24
	$0.83
	Fixture
	15
	Variable component (lamp and ballast) equipment and labor costs and lifetimes, and avoided fluorescent tubes.

	Occupancy Sensors (On/Off)
	$ 93.41
	$10.74
	Fixture kW controlled
	10
	Avoided fluorescent lamps, ballasts and labor to replace them.

	All Interior Lighting
	$(0.097)
	$(0.0079)
	Annual kWh savings

	15
	Space heating fossil fuel increase from reduced waste heat. Assumes 15 year typical life for PV.


Table 20: Pre-Defined Lighting NEBs

Table 21 and Table 22 present the list of sites with their prescriptive NEBs for CL&P and WMECO, respectively.   For CL&P, the total net NEBs for all the lighting sites are -$3,504 per year due to the heating penalty for all interior lighting. A similar trend occurs in WMECO, where the total net NEBs for all the lighting sites is -$3,024 per year due to the heating penalty.  Note that seventeen of the projects had positive prescriptive lighting NEBs, due primarily to CFL and occupancy sensor NEB benefits associated with avoided labor to replace incandescent bulbs (CFL NEB) and fluorescent lamps and ballasts and labor to replace them (sensor NEB). 
	Project #
	CFL ($)
	T8 Lamp & Ballast ($)
	Super T8 Lamp & Ballast ($)
	Reflectors & T8 Lamps & Ballast ($)
	Occupancy Sensors ($)
	Heat Penalty ($)
	Net NEBs ($)

	CE04P012
	$0
	$10
	$0
	$49
	$29
	-$442
	-$354

	CE04P090
	$501
	$126
	$0
	$82
	$514
	-$1,270
	-$48

	CE04P091
	$61
	$102
	$0
	$118
	$273
	-$1,002
	-$447

	CE04P115
	$0
	$0
	$0
	$2
	$0
	-$91
	-$89

	CE04P125
	$0
	$0
	$0
	$0
	$0
	-$267
	-$267

	CE04P130
	$0
	$0
	$1
	$0
	$0
	-$116
	-$115

	CE04P140
	$134
	$53
	$0
	$0
	$514
	-$399
	$302

	CE04P158
	$0
	$321
	$0
	$0
	$481
	-$519
	$284

	CE04P167
	$37
	$14
	$0
	$0
	$44
	-$69
	$25

	CE04P174
	$0
	$132
	$0
	$14
	$2,167
	-$1,202
	$1,111

	CE04P188
	$110
	$27
	$0
	$0
	$191
	-$448
	-$121

	CE04P221
	$147
	$0
	$0
	$0
	$1
	-$61
	$86

	CE04P228
	$0
	$24
	$0
	$0
	$918
	-$306
	$637

	CE04P260
	$281
	$0
	$0
	$0
	$80
	-$406
	-$46

	CE04P264
	$12
	$23
	$0
	$0
	$478
	-$306
	$207

	CE04P276
	$85
	$32
	$0
	$0
	$188
	-$189
	$117

	CE05P015
	$354
	$175
	$6
	$0
	$1,421
	-$2,205
	-$249

	CE05P134
	$781
	$6
	$0
	$0
	$831
	-$681
	$937

	EA04P120
	$49
	$0
	$0
	$9
	$610
	-$836
	-$168

	EA04P125
	$0
	$0
	$0
	$0
	$0
	-$82
	-$82

	EA04P161
	$0
	$3
	$0
	$0
	$0
	-$492
	-$488

	EA04P182
	$0
	$0
	$0
	$61
	$104
	-$206
	-$42

	EA04P183
	$0
	$0
	$0
	$79
	$117
	-$250
	-$54

	EA04P222
	$12
	$0
	$0
	$20
	$0
	-$9
	$23

	EA04P244
	$720
	$179
	$0
	$0
	$68
	-$910
	$58

	EA04P268
	$0
	$7
	$0
	$0
	$0
	-$14
	-$7

	EA04P272
	$0
	$0
	$0
	$398
	$0
	-$1,042
	-$644

	EA04P277
	$0
	$0
	$0
	$0
	$0
	$0
	$0

	EA04P278
	$0
	$1
	$0
	$0
	$0
	$0
	$1

	EA05P298
	$0
	$34
	$0
	$0
	$857
	-$760
	$131

	WE04P025
	$0
	$298
	$0
	$0
	$459
	-$1,102
	-$345

	WE04P080
	$0
	$6
	$0
	$0
	$269
	-$510
	-$234

	WE04P098
	$0
	$66
	$0
	$24
	$364
	-$493
	-$39

	WE04P100
	$0
	$116
	$0
	$0
	$93
	-$256
	-$47

	WE04P155
	$0
	$0
	$0
	$0
	$0
	-$136
	-$136

	WE04P164
	$0
	$4
	$0
	$2
	$0
	-$470
	-$464

	WE04P193
	$0
	$0
	$0
	$0
	$26
	-$85
	-$59

	WE04P230
	$0
	$0
	$0
	$0
	$0
	$0
	$0

	WE04P238
	$0
	$1
	$5
	$0
	$0
	-$1,573
	-$1,567

	WE04P247
	$0
	$1
	$0
	$10
	$0
	$0
	$12

	WE04P248
	$0
	$0
	$0
	$0
	$0
	-$215
	-$215

	WE04P258
	$0
	$0
	$0
	$0
	$111
	-$457
	-$346

	WE04P270
	$0
	$0
	$4
	$0
	$0
	-$393
	-$389

	WE05P011
	$0
	$0
	$0
	$0
	$141
	-$88
	$53

	WE05P015
	$0
	$137
	$0
	$0
	$348
	-$556
	-$71

	WE05P033
	$0
	$105
	$0
	$2
	$43
	-$199
	-$49

	WE05P045
	$0
	$7
	$0
	$0
	$5
	-$122
	-$110

	WE05P054
	$0
	$0
	$0
	$0
	$0
	-$193
	-$193

	Total
	$3,284
	$2,010
	$17
	$869
	$11,743
	-$21,427
	-$3,504


Table 21:  CL&P Annual Prescriptive NEBs
	Project #
	CFL ($)
	T8 Lamp & Ballast ($)
	Super T8 Lamp & Ballast ($)
	Reflectors & T8 Lamps & Ballast ($)
	Occupancy Sensors ($)
	Heat Penalty ($)
	Net NEBs ($)

	WM03P109
	$0
	$0
	$0
	$0
	$0
	$0
	$0

	WM03P122
	$0
	$41
	$0
	$0
	$0
	-$114
	-$73

	WM03P133
	$0
	$11
	$0
	$0
	$0
	-$20
	-$9

	WM03P141
	$0
	$31
	$0
	$55
	$0
	-$145
	-$59

	WM03P144
	$0
	$0
	$0
	$0
	$0
	-$76
	-$76

	WM03P145
	$0
	$0
	$0
	$0
	$0
	-$11
	-$10

	WM04P102
	$0
	$18
	$0
	$0
	$0
	-$9
	$8

	WM04P105
	$0
	$0
	$0
	$0
	$0
	$0
	$0

	WM04P107
	$0
	$0
	$0
	$0
	$0
	$0
	$0

	WM04P110
	$0
	$0
	$0
	$0
	$1,353
	-$692
	$661

	WM04P115
	$0
	$184
	$0
	$0
	$0
	-$1,230
	-$1,046

	WM04P143
	$0
	$0
	$0
	$0
	$0
	$0
	$0

	WM05P108
	$0
	$23
	$0
	$0
	$101
	-$254
	-$131

	WM05P111
	$0
	$7
	$0
	$0
	$0
	$0
	$7

	WM05P116
	$0
	$0
	$0
	$0
	$0
	-$264
	-$264

	WM05P117
	$0
	$0
	$0
	$0
	$0
	-$502
	-$502

	WM05P121
	$12
	$128
	$0
	$0
	$0
	-$575
	-$435

	WM05P122
	$0
	$0
	$0
	$0
	$77
	-$653
	-$576

	WM05P123
	$0
	$0
	$0
	$0
	$0
	-$152
	-$152

	WM05P124
	$0
	$0
	$0
	$0
	$136
	-$299
	-$163

	WM05P129
	$0
	$0
	$0
	$0
	$0
	$0
	$0

	WM05P133
	$0
	$0
	$0
	$0
	$0
	-$121
	-$121

	WM05P142
	$0
	$0
	$0
	$0
	$30
	-$66
	-$36

	WM05P161
	$0
	$0
	$0
	$0
	$0
	-$133
	-$133

	WM04P143
	$0
	$0
	$0
	$0
	$132
	-$46
	$86

	Total
	$12
	$443
	$0
	$55
	$1,829
	-$5,363
	-$3,024


Table 22: WMECO Annual Prescriptive NEBs

Table 23 presents the prescriptive NEB categories along with their total net NEBs.  Among all lighting sites, the total net NEBS is -$6,527 per year due to the heating penalty for all interior lighting.  In considering the categories that provide NEB benefits, it is apparent that the programs’ installation of CFLs and occupancy sensors produces benefits that largely offset the negative heating penalty NEB.
	NEB Category
	Net Benefits

	CFL ($)
	 $ 3,297 

	T8 Lamp & Ballast ($)
	 $ 2,453 

	Super T8 Lamp & Ballast ($)
	 $ 17 

	Reflectors & T8 Lamps & Ballast ($)
	 $ 924 

	Occupancy Sensors ($)
	 $ 13,572 

	Heat Penalty ($)
	 $ -26,790

	Net NEBs ($)
	 $ -6,527


Table 23: Annual Prescriptive NEBS Overall by Category

Custom NEBs are impacts that are not captured as a Prescriptive NEB and are deemed appropriate to quantify. In the on-site survey, RLW asked each site contact if the installed measure provides any additional non-energy impacts on their facility (positive or negative).  If the contact provided a NEB, we asked them to provide information to help quantify the impact. In this manner, there were two Custom NEBs, at an ‘other’ measure site (EMS).  The savings for these NEBs were due to reduced heating at the site.  One measure reduced the heating load in a pool room in which they were able to lower the air temperature from 83˚ to 82˚ and the pool water temperature from 84˚ to 80˚.  Another measure reduced heating by virtue of shutting off exhaust fans during hours of unoccupied use. 
	Project #
	Measure #
	Measure Description
	Annual NEBs ($)
	Source of NEBs

	WM04P107
	1
	Dehumidification Controls
	$9,860 
	Reduced Heating

	WM04P107
	2
	Schedule Exhaust Fans with EMS
	$10,575 
	Reduced Heating

	
	
	Totals
	$20,435 
	


Table 24: Custom NEBS
The final classification is Customer-Perceived NEBs.  These are NEBs that were provided by the customer as part of an open ended inquiry, but were not quantifiable.  These NEB findings tend to support the hypothesis that efficiency programs deliver additional yet unquantifiable value to business morale, atmosphere, and productivity.  Table 25 presents the categorized customer reported non-electric impacts of the measures installed through the Municipal Program.  Most (87.5%) of the reported impacts were positive.  The most common positive impacts included “better lighting” (33.8%) and “decreased maintenance/replacement costs” (18.8%).  Interestingly, “increased maintenance/replacement costs” was the most commonly mentioned negative impact, but accounted for only 3.8% of the responses.  
	Response Category
	% of Responses (n=80)

	Negative Non-Electric Impacts

	Increased maintenance/replacement costs
	3.8%

	Not enough light
	2.5%

	Unexpected clean-up costs
	2.5%

	Ballast failure
	1.3%

	Sensors are not useful
	1.3%

	Lights too bright
	1.3%

	Negative Total
	12.5%

	Positive Non-Electric Impacts

	Better lighting
	33.8%

	Decreased maintenance/replacement costs
	18.8%

	Ease of use
	7.5%

	New/Better equipment
	7.5%

	Increased Safety
	6.3%

	Improved Aesthetics
	5.0%

	Improved Environment
	2.5%

	Occupants are Satisfied
	2.5%

	Fuel oil savings
	1.3%

	Money saved went to school programs
	1.3%

	Social and moral benefits
	1.3%

	Positive Total
	87.5%


Table 25: Customer Perceived Non-Energy Impacts

Other Study Results

There were several questions that RLW asked while on-site that gathered general information on the program from the participant perspective; including any problems they had with the installed measures, what they liked about the program, what they would change and their level of satisfaction with the program.
Table 4 presents the categorized customer reported problems experienced with the measures installed through the Municipal Program. Forty four of the respondents reported they did not have any problems with the installed measures.  Twenty five (36.2%) out of 69 customers reported problems, with a total of 29 responses.  The majority of these responses were associated with light sensor problems, including sensor failure and sensitivity problems.
	Response Category
	% of Responses (n=29)

	Sensor failure
	20.7%

	Sensor sensitivity
	17.2%

	Ballast failure
	13.9%

	Light failure
	13.9%

	Housing sturdiness
	6.9%

	Insufficient lighting
	6.9%

	Sensor location
	6.9%

	Less flow, didn’t do laser alignment (motors)
	3.4%

	Measures negatively affected facility usage
	3.4%

	Problem with a heat pump to replace a transformer
	3.4%

	Sensors not installed
	3.4%


Table 26: Problems Experienced with Measures

Table 5 presents the categorized customer response on what they most liked about the Municipal Program. Sixty-six out of 69 customers responded to this question, with a total of 95 responses (multiple responses were allowed). The most (52.6%) reported aspects included “better lighting” (17.9%), “energy savings” (17.9%), and “monetary savings” (16.8%).

	Response Category
	% of Responses (n=95)

	Better lighting
	17.9%

	Energy savings
	17.9%

	Monetary savings
	16.8%

	Financing
	12.6%

	Contractors work
	7.4%

	Better facilities
	6.3%

	Ease of implementing
	4.2%

	Better fixtures
	3.2%

	New equipment
	3.2%

	Occupancy sensors
	3.2%

	Overall savings
	3.2%

	Better bulbs
	1%

	Value
	1%


Table 27: Most Liked Aspects

Table 6 presents the categorized aspects of the Municipal Program customers would like changed. Only 21 out of 69 customers suggested program changes, comprised of 22 suggestions.  The most (31.8%) reported suggestion for change was to “increase variety/incentives.” 

	Response Category
	% of Responses (n=22)

	Increase variety/incentives
	31.8%

	Better contractors
	27.3%

	Better products
	9.1%

	Better sensor placement
	9.1%

	Proof of savings
	9.1%

	More owner control
	4.5%

	Progressive rate structure for municipals
	4.5%

	Quicker
	4.5%


Table 28: Aspects Customers Would Like Changed

Table 7 presents the customers reported levels of satisfaction with the Municipal Program.  Upon providing their level of satisfaction, each responded was asked the basis for their rated satisfaction.  Most (78.2%) customers reported that they were very satisfied, while only 4.3% reported that they were not at all satisfied with 4 comments regarding the program not being worth the effort, including ”fixtures recalled,” “bulb replacement,” “lights not bright enough,” and “sensor failure.” Only 28 customers identified the reason for their response, with a total of 37 responses, most (78.4%) of them being positive. The most common positive response was that the program used “good contractors” (18.9%) and the most common negative response being “haven’t seen bill” (8.1%).
	Levels of Satisfaction: Response Category
	% of Responses (n=69)

	Very Satisfied
	78.2%

	Somewhat Satisfied
	14.5%

	Not Very Satisfied
	0%

	Not At All Satisfied
	4.3%

	Don’t Know
	3%

	Reasons for Level of Satisfaction: Response Category
	% of Responses (n=37)

	Negative Responses to Satisfaction
	

	Haven’t seen bill
	8.1%

	Lights are terrible/didn’t put in new fixtures
	2.7%

	No bill reduction
	2.7%

	Problems with contractor
	2.7%

	Sensor failure
	2.7%

	Better if it was free
	2.7%

	Negative Total
	21.6%

	Positive Responses to Satisfaction
	

	Good contractors
	18.9%

	Better lights
	16.2%

	Cost savings
	10.8%

	Energy savings
	10.8%

	Everything went/is going well
	10.8%

	Good way to switch to efficiency
	2.7%

	Maintenance savings
	2.7%

	Positive Total
	78.4%


Table 29: Level of and Reasons for Satisfaction

Lessons Learned and Recommendations
Overall, the Municipal Program appears to be generating significant levels of energy savings as part of its turn key value-added services to customers under Northeast Utilities’ energy conservation initiatives. To further refine this and similar programs in the future, RLW offers the following conclusions and recommendations for consideration:
· The primary driver of the programs 68% gross realization rate was a difference between tracking and measured operating hours.  Over 25% of the lighting realization rate decrease was due to adjustments in the operating hours.  It was noted in performing the file reviews for this evaluation that some contractors tend to utilize a single set of hours for all installed lighting at a site in the tracking system savings estimate.  This practice of over generalizing hours does not allow for the calculation of tracking savings from unique hours estimated for each lighting location within a site.  The spreadsheet to calculate savings for this program operates at the fixture level, making it difficult for contractors to enter and calculate savings at the location resolution.  We recommended that NU encourage contractors to establish operating hours for each unique room type at each site visited and concurrently consider refining the savings calculation worksheet to operate at a location level.  This practice is expected to provide more accurate tracking savings estimates.

· We also suggest some moderate level of on-site QA/QC activities, particularly at ‘other’ sites, to make sure that measures are properly installed.  Some of the reductions in the adjusted gross ‘other’ programs savings appear to be issues that could be diminished if some post inspection activities were performed.
· As part of the documentation and file review process it was noted that many files included more than one summary sheet of savings by category (new, retrofit and occupancy sensors).  Typically, the final savings calculations were contained on a copy of this sheet that was signed by the customer, the vendor who did the installation and a representative from the utility.  This signed document was to represent the final savings estimate for each project including any changes from preliminary fixture installation plans and counts.  In a few cases, however, it appeared that the tracking system savings estimates were taken from previous versions of the savings summary sheets that were not signed off on.  For example, in one project the tracking system savings were listed as 274,195 kWh per year while the savings estimate that was signed off on by all parties was 142,835 kWh per year, or 131,360 kWh less than the tracking system.   Steps should be incorporated in the program process to ensure the final signed off savings summary is used as the tracking system estimate of impacts. 

· The prescriptive spreadsheets that are used by vendors to input the fixture type, quantity, and hours of use include a sheet called “Fixtures With No Unit-Pricing Data.”  This was the input sheet for fixtures that did not exist in the other sheets as a standard pull down option or if the fixture had a different wattage than the defined wattage.  In some cases, there was not a one-to-one fixture replacement, which forced the pre and post installed fixtures to be input on separate rows because as there is only one column for fixture quantity.
This caused a problem in a few instances where the “Weekly Hours Fixtures Are On” column was not filled in on the second line of the fixture replacement, perhaps due to the assumption that that the value inserted in the first line would carry down to the second line.  In these cases, the post installation case was equivalent to 0 kWh because the spreadsheet had no annual hours of use for the post installation fixtures.  This resulted in more savings in the tracking system than should have been calculated.
· A concern repeated by several facility managers was that the electricians provided by the program did not appear qualified to do some of the work, particularly with respect to motor installations.  It might be useful if NU had two categories of electricians, those that are qualified for lighting only and those that can perform advanced measure installations.
Appendix A:  Technical Note on MBSS Ratio Estimation

The on-site engineering assessments used in-field monitoring, modeling, engineering analysis and surveys to derive the gross savings estimates for each individual sample participant.  In turn, the statistical analysis combined these gross savings estimates for the sample participants with their tracking system counterparts in a stratified ratio estimation framework to produce the independent estimates of gross program impacts, i.e., annual energy savings and seasonal demand savings.  Case weights developed at the time of the sample design were updated as necessary, and used to develop the population weighted estimates of the total adjusted gross savings.  The case weights were defined for each sample point based on the number of participants in the population (N) represented by each sample point (n).  Therefore, the case weights were defined as (wk)=Nh/nh.  

The equations for the combined stratified ratio estimator are presented below: 
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This first set of equations present the population estimate of y, e.g., the gross annual savings as beta times the population tracking system estimate of savings, namely, bX.  The beta coefficient (b) is the ratio of weighted mean y to weighted mean x, where y is the engineering estimate of savings derived from the on-sites and x is the tracking system estimate of savings.  Next, we present equations for the weighted mean estimate of y, the weighted mean estimate of x and the estimate of N, i.e., the number of projects in the population.  RLW’s proprietary MBSS software was used to generate the various estimates reported in this report.

Equations for the confidence interval of the estimate, the estimated variance, the within-stratum variance of the sample residual, e, and the sample residual are presented below:
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Next, the relative precision of the estimate 
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Finally, we compared the population estimate of impacts to their tracking system counterpart to develop the associated realization rate.

Appendix B:  On-Site Survey

Visit Date/Time:
 Auditor:


Business Name:
_
Account #:
 Sq. Ft.:


Contact Name:
 Phone:


Q1 Have you modified or removed any portion of the installed measures since participating in the Municipal Program? 

Describe:


Q2 Have you experienced any problems with the measures installed through the program?
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[image: image24.wmf]Estimated Annual Energy Savings by End-use

Heating

289,991 kWh (1%)

Process 8,234,390 kWh

(25%)

Cooling 

8,291,930 kWh (25%)

Other

5,153,133 kWh (16%)

Lighting

11,096,876 k Wh (33%)

Energy Action Program

1996 Measure Installations

Yes

· No

· Don’t know

Describe:


 Q3 What did you like most about the Municipal Program?

Describe:


Q4 Is there anything you would change about the Municipal Program?

Describe:


Q5 Was the Municipal Program worth the effort of participation?

· Yes

· No

· Don’t know

If No, describe:


Q6 Overall, how satisfied are you with your company’s participation in the Municipal Program?  Would you say that you are...  (Read choices and record only one response)

· 
Very satisfied

· 
Somewhat satisfied

· 
Not very satisfied

· 
Not at all satisfied

· 
Don't know (Don't read)

Q7 Why have you been (Read choice mentioned in 0 with the Municipal Program?  Why else?

Describe:


Areas: 

Major functional spaces with distinct Schedules or HVAC Systems. 

	Area

ID
	Space Description
	% of Facility

	Lighting 

Schedule ID(s)
	Cooling System ID
	Heating System ID

	A1
	
	%
	1  2  3  4  5  6  7  8  9 10

 11  12  13  14  15  16  V  H
	0  1  

2  3  4
	0  1  

2  3  4

	A2
	
	%
	1  2  3  4  5  6  7  8  9 10

 11  12  13  14  15  16  V  H
	0  1  

2  3  4
	0  1  

2  3  4

	A3
	
	%
	1  2  3  4  5  6  7  8  9 10

 11  12  13  14  15  16  V  H
	0  1  

2  3  4
	0  1  

2  3  4

	A4
	
	%
	1  2  3  4  5  6  7  8  9 10

 11  12  13  14  15  16  V  H
	0  1  

2  3  4
	0  1  

2  3  4

	A5
	
	%
	1  2  3  4  5  6  7  8  9 10

 11  12  13  14  15  16  V  H
	0  1  

2  3  4
	0  1  

2  3  4

	A6
	
	%
	1  2  3  4  5  6  7  8  9 10

 11  12  13  14  15  16  V  H
	0  1  

2  3  4
	0  1  

2  3  4

	A7
	
	%
	1  2  3  4  5  6  7  8  9 10

 11  12  13  14  15  16  V  H
	0  1  

2  3  4
	0  1  

2  3  4

	A8
	
	%
	1  2  3  4  5  6  7  8  9 10

 11  12  13  14  15  16  V  H
	0  1  

2  3  4
	0  1  

2  3  4

	A9
	
	%
	1  2  3  4  5  6  7  8  9 10

 11  12  13  14  15  16  V  H
	0  1  

2  3  4
	0  1  

2  3  4

	A10
	
	%
	1  2  3  4  5  6  7  8  9 10

 11  12  13  14  15  16  V  H
	0  1  

2  3  4
	0  1  

2  3  4


Lighting Schedules:

	SCH

ID
	Days

	Operating Hours
	Operating Season

	%Lit


	
	
	Start Time
	End Time
	Start Date
	End Date
	

	L1
	ALWAYS ON
	0:00
	24:00
	Jan 1
	Dec 31
	100%

	L2
	
	:
	:
	
	
	%

	L3
	
	:
	:
	
	
	%

	L4
	
	:
	:
	
	
	%

	L5
	
	:
	:
	
	
	%

	L6
	
	:
	:
	
	
	%

	L7
	
	:
	:
	
	
	%

	L8
	
	:
	:
	
	
	%

	L9
	
	:
	:
	
	
	%

	L10
	
	:
	:
	
	
	%

	L15
	
	:
	:
	
	
	%

	L16
	
	:
	:
	
	
	%

	LV
	Vacation/Shutdown
	N/A
	N/A
	
	
	%

	LH
	Holidays
	N/A
	N/A
	Days/year:
	%

	· New Years Day
	· Independence Day
	· Thanksgiving Friday

	· MLK Day
	· Labor Day
	· Christmas

	· Washington's Birthday
	· Columbus Day
	· Other______________

	· Good Friday
	· Veterans Day
	· Other______________

	· Memorial Day
	· Thanksgiving Day
	· Other______________


Loggers:

	LOG ID
	Serial #
	Type
	SCH ID
	Location/Notes

	1
	
	LTG / CT/ELITE
	
	

	2
	
	LTG / CT/ELITE
	
	

	3
	
	LTG / CT/ELITE
	
	

	4
	
	LTG / CT/ELITE
	
	

	5
	
	LTG / CT/ELITE
	
	

	6
	
	LTG / CT/ELITE
	
	

	7
	
	LTG / CT/ELITE
	
	

	8
	
	LTG / CT/ELITE
	
	

	9
	
	LTG / CT/ELITE
	
	

	10
	
	LTG / CT/ELITE
	
	

	11
	
	LTG / CT/ELITE
	
	

	12
	
	LTG / CT/ELITE
	
	


Cooling Systems:
	ID
	Description/model/make
	Type
	Fuel
	Efficiency
	Qty
	Size (tons)
	Age (yrs)

	C0
	No Cooling
	
	
	
	
	
	

	C1
	
	· Direct Expansion

· Chilled Water

· Heat Pump - Air / Wtr / Gnd
· _______________________
	· Electricity

· Natural gas

· LP gas

· __________
	_____
kW/ton

_____
EER

_____
SEER
	
	
	

	Notes:

	C2
	
	· Direct Expansion

· Chilled Water

· Heat Pump - Air / Wtr / Gnd
· _______________________
	· Electricity

· Natural gas

· LP gas

· __________
	_____
kW/ton

_____
EER

_____
SEER
	
	
	

	Notes:

	C3
	
	· Direct Expansion

· Chilled Water

· Heat Pump - Air / Wtr / Gnd
· _______________________
	· Electricity

· Natural gas

· LP gas

· __________
	_____
kW/ton

_____
EER

_____
SEER
	
	
	

	Notes:

	C4
	
	· Direct Expansion

· Chilled Water

· Heat Pump - Air / Wtr / Gnd
· _______________________
	· Electricity

· Natural gas

· LP gas

· __________
	_____
kW/ton

_____
EER

_____
SEER
	
	
	

	Notes:


Heating Systems:
	ID
	Description/model/make
	Type
	Fuel
	Efficiency
	Qty
	Size (Btuh)
	Age (yrs)

	H0
	No Heating
	
	
	
	
	
	

	H1
	
	· Hydronic

· Steam

· Direct Fired
· Heat Pump - Air / Wtr / Gnd
· _______________________
	· Electricity

· Natural gas

· LP gas

· #2 / #4 / #6

· __________
	_____
%

_____
COP
	
	
	

	Notes:

	H2
	
	· Hydronic

· Steam

· Direct Fired
· Heat Pump - Air / Wtr / Gnd
· _______________________
	· Electricity

· Natural gas

· LP gas

· #2 / #4 / #6

· __________
	_____
%

_____
COP
	
	
	

	Notes:

	H3
	
	· Hydronic

· Steam

· Direct Fired
· Heat Pump - Air / Wtr / Gnd
· _______________________
	· Electricity

· Natural gas

· LP gas

· #2 / #4 / #6

· __________
	_____
%

_____
COP
	
	
	

	Notes:

	H4
	
	· Hydronic

· Steam

· Direct Fired
· Heat Pump - Air / Wtr / Gnd
· _______________________
	· Electricity

· Natural gas

· LP gas

· #2 / #4 / #6

· __________
	_____
%

_____
COP
	
	
	

	Notes:


NEBS Battery

OBJECTIVES

· Identify whether customers recognize and value Prescriptive Non-Electric Benefits (NEB’s);

· Identify additional NEB’s which may have not have been identified.  When possible, provide an indicator of its value to the customer.  This might lead to future research.

QUESTIONS

This survey instrument consists of three key questions to be asked for each measure type installed.  The first question is open ended, the second provides specific prompts for each measure, and the third permits the customer to add anything else that comes to mind after the discussion.

The method behind the second question is to first educate and then to give the customer a yardstick by which to gauge the value of the benefit.  The education is the rationale behind the benefit.   The yardstick is either the NEB’s prescriptive estimate of benefit OR the energy savings of the measure.  We expect the customer to provide a response relative to this benchmark.  However, if a customer volunteers an actual dollar amount – that should certainly be captured.

Site Name:


Interviewee:


Date/Time:
 Auditor:


NEBQ1
Other than electric costs, does this efficiency measure have any additional impacts on your facility, either positive or negative?

	· Yes
	· No
	· Don’t Know



Q1A
Can you describe this impact?  

Q1B
Can you quantify this impact in terms of dollar savings/cost?

	· Yes

· No
	



Q1C
What about relative to the electric energy savings … does this impact increase or decrease the measure’s value to you?  

Can you quantify this at all?  By approximately what percentage?

NEBQ2 Others have identified additional benefits and costs for this measure.  

Can you tell me your impression on whether these might also apply to your facility?  

[Prompt off NEB’s list below for installed measure.  Record customer’s estimate of impact.]

NEBQ3
Has this discussion prompted any more comments concerning other benefits?  

Are there any other less tangible benefits or more indirect benefits such as improved employee morale, increased comfort or improved production?

NEB’S PROMPTS (LIGHTING)
	Measure
	Benefit/Cost
	Prompt
	Impact

	Compact Fluorescent Lamps (CFL)
	*O&M for replacement
	CFL lasts 10x as long reducing replacement labor & parts.  They should require replacement once every 3 years, rather than 3x a years which is estimated to save $12 per fixture/yr.  Will you save this on average per year? (more or less, or not see at all=0%) 
	

	
	Lamp Failure
	Are you experiencing a particularly high rate of lamp failure?  What is the failure rate?
	

	Exterior Lighting
	Safety
	Re-fixturing can improve lighting and therefore security.  Has the new lighting significantly improved security?  Value compared to energy savings?
	

	LED Exit Signs
	*O&M for replacement
	LED lasts 20x as long.  They should require replacement once every 10 years rather than once a year, which is estimated to save $30 per sign/yr.   Will you save this on average per year? (more or less, or not see at all=0%)
	

	LED Traffic Signals
	*O&M for replacement


	LED lasts 10x as long.  They should require replacement once every 20 years, rather than once every two years, which is estimated to save $30 per lamp/yr.  Will you save this on average per year? (more or less, or not see at all=0%)
	

	
	Insurance
	Longer life gives greater reliability and requires fewer traffic interruptions.  Are there any insurance savings?  Value compared to energy savings?
	

	Occupancy Sensors (On/Off)
	*O&M for replacement
	Occupancy sensors reduce operating hours, extending the life of the lighting equipment, which is estimated to save $11 per sensor/yr.  Will you save this on average per year? (more or less, or not see at all=0%)    
	

	T8 Lamps & Electronic Ballasts
	*O&M Replacement
	Electronic ballast last 2x as long.  They should require replacement once every 20 years, rather than once very 10 years, which is estimated to save $0.33 - $0.83 per ballast/yr.  Does this seem reasonable as average savings per year? (more or less, or not see at all=0%)    
	

	
	Ballast Failure
	Are you experiencing a particularly high rate of lamp failure?  What is the failure rate?
	


NEB’S PROMPTS (NON-LIGHTING)
	Measure
	Benefit/Cost
	Prompt
	Impact

	VSD and/or Motors
	Service and Maintenance
	Do you have a VSD service contract or maintenance agreement?  Approximately what is that annual fee?  How much more is this than what you paid prior to the measure installation?
	

	
	In-House Staff
	Running and maintaining the system may require additional staff.  What is the net impact on your manpower in terms of % of a FTE (full-time equivalent)?
	

	
	Improved control and comfort.
	Has the system significantly improved comfort conditions?  Value compared to energy savings?
	


Appendix C:  M&V Plan for Energy and Demand

One important aspect of the M&V activities was the installation of measurement equipment during the on-sites to aid in the development of independent estimates of demand and energy savings.  For this Municipal evaluation, the minimum monitoring period for each site was three weeks, with a minimum of one hour resolution.  RLW has adequate metering resources to perform all needed monitoring for this study.
The type of EEM generally determined the measurement strategy.  In the case of lighting measures installed in non-schools, time-of-use lighting loggers will be strategically installed to inform the energy savings calculations with a direct measurement of the hours of operation.  In the case of motor and VSD measure installations, spot-watt readings, current transformer and motor loggers, and power loggers are utilized to inform the savings calculations with a direct measurement of demand and hours of operation.   RLW utilized its own diverse stock of measurement technologies for this study to allow for the use of the right equipment for each potential scenario encountered at the sites visited.  

The following sections discuss preliminary M&V approaches for each end-use of interest encountered in this study.
Lighting

The lighting M&V plan was designed to produce annual operating hours for estimating annual energy impacts of the program in addition to connected demand and peak window demand savings resulting from a verification of the technology and quantity of lighting installed at each site.
Monitoring.  Pacific Science and Technology (PS&T) Lighting loggers were installed at non-school lighting sites to more accurately measure hours of use for a minimum period of three weeks.  Figure 7 shows a typical lighting logger installation in a 2-lamp fluorescent U-tube fixture.  These 1" x 2" x 4" devices use a photocell sensor to sense and record the dates and times that a light fixture turns on and off.  The lighting logger data were used to develop annual hours of use for lighting measures.

Clearly, the proper use of the lighting TOU loggers was vital to obtaining meaningful data for the calculation of accurate operating hours of the lighting.  There are three basic steps RLW performed in the installation of lighting TOU loggers: 1) Selection, 2) Placement, and 3) Calibration.

[image: image15.jpg]



Figure 7: Typical Lighting Logger Installation

The tracking system data and other data available from NU served as the primary source of information from which the auditors structured the on-site work.  Upon identifying the lighting measures that were installed, the auditor determined the appropriate number of loggers required to perform the on-site.  Factors that typically drive the number of needed loggers include the number of unique schedules at the site, the anticipated level of variation among the schedules within a particular space type, and the type of controls installed on the lighting.  This first stage of selection assisted RLW in ensuring that an appropriate number of loggers were available once on-site to monitor the lighting of interest.  The placement of the monitoring equipment is arguably the most critical and difficult stage of monitoring.  A blend of statistics, engineering judgment, and consideration of customer impact typically contributed to the final site-monitoring plan.  The end result of intelligent equipment placement is high or complete coverage of each uniquely controlled set of fixtures or bulbs.  The installation protocol included the placement and monitoring of as many unique controls associated with the installed lighting as possible. Finally, to secure the reliability of the data received, the lighting loggers sometimes required some degree of calibration.  Lighting loggers are relatively simple to calibrate, where on/off transitions can be confirmed at the time of installation by either adjusting a sensitivity screw, or by visually inspecting the status LCD on the unit.
For non-schools, hours of use were utilized from the RLW school lighting baseline study
, which is in draft form at the time of this report.  These hours are provided below.  They were applied to the on-site data based upon light location and control type.  Table 30 presents the hours used for lighting installed on non-sensor control at the sampled sites by location, including the summer, winter and system % on times. Table 31 presents this same information for lighting that was installed on sensors.
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Table 30: Lighting Fixture Operating Hours from Baseline Study
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Table 31: Sensor Controlled Fixture Operating Hours from Baseline Study

Verification. For all sites where lighting was installed (school and non-school), RLW performed a complete inventory of the installed lighting.  This inventory included a verification of the quantity and technologies installed from the program, as well as customer reported operating hours for specific locations, the control types used on the lighting, the ballasts installed with the lighting, the types of heating and cooling systems serving the areas of the installed lighting for the calculation of interactive effects for the NEBs analysis, the existence of any program installed reflectors, and other data associated with calculating any NEBs associated with the lighting.

Analysis. The project team performed all data entry and analysis of all information gathered during the evaluation.  To analyze the logger data, the transition data were downloaded from each logger into a personal computer.  The data were then analyzed using computer software, which developed time-of-use load profiles and estimates of percentage on-times during the monitoring period.  A minimum of a three-week metering period was required for analysis and extrapolation to achieve annual hours of operation. Where longer metering periods occurred, RLW made every attempt to utilize as much metered data as possible in extrapolating to annual hours of operation.
Short-term metered data, like that obtained from the three-week logger studies that were performed for this study, pose challenges in accurately expanding the data from the monitored period to a typical year.  In determining lighting schedules from time-of-use data, annual trends such as seasonal effects (e.g., daylight savings), production, and occupancy swings (e.g., vacations) are all considered possible influences. As a general rule of thumb, visual inspection of time-of-use data reveal explicable patterns that agree with other data sources, such as on-site interviews or equipment control schedules.

To do the site level analysis of lighting, standard spreadsheets were employed to calculate demand and energy savings, both with and without interactive effects.  These calculations were performed with the best available characterization of pre-retrofit information (project documentation, site interview, and observational inference) and the observed post-retrofit conditions.
The fundamental calculation of connected demand savings were as follows:
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The fundamental calculation of annual energy savings were as follows:
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In addition to capturing the overall savings change of the lighting measure, RLW also calculated the change in savings at each stage of savings adjustment.  The purpose of computing adjustment factors in this way is to demonstrate which computational inputs (technology, quantity, and hours of use) were influential in the difference between the gross tracking system estimate and adjusted gross on-site estimate of the lighting measure.  Put another way, these factors divvy up the difference between the tracking and on-site savings into adjustment factor 'buckets'.  The end result is an overall realization rate along with realization rates among the various adjustment factors that contribute to the overall rate.
Historically, we have computed the adjustment factors using series hypothesis logic.  Since multiple parameters influence the on-site savings computation for lighting measures, we calculate the influence of individual adjustment factors by changing only one parameter at a time.  All adjustments are derived in absolute savings terms and are computed in the format:
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The specific definitions of each adjustment that were calculated en-route to the overall gross adjusted savings estimate include the following:

	Adjustment
	Definition

	Documentation Adjustment
	The Documentation Adjustment reflects any change in savings due to discrepancies in project documentation.  Evaluators recalculated the tracking estimates of savings using all quantities, fixture types/wattages, and hours documented in the project file.  All tracking system discrepancies and documentation errors are reflected in this adjustment. 

	Technology Adjustment
	The Technology Adjustment reflects the change in savings due to the identification of a different lighting technology (fixture type and wattage) at the site than represented in the tracking system estimate of savings.  

	Quantity Adjustment
	The Quantity Adjustment reflects the change in savings due to the identification of a different quantity of lighting fixtures at the site than presented in the tracking system estimate of savings.  

	Operation Adjustment
	The Operation Adjustment reflects the change in savings due to the observation or monitoring of different lighting operating hours lighting at the site than represented in the tracking system estimate of savings.  


Table 32: Definition of Lighting Adjustment Factors

VSDs

VSDs are typically installed on electric motors.  In this study, the VSDs we encountered were used primarily for flow control of water or waste water.  In most centrifugal machinery, power is proportional to the cube of flow, such that small reductions in flow can yield large power reductions.  By controlling the pump speed to provide only the required flow, substantial amounts of energy can be saved relative to the power requirements of constant speed applications.

VFD and Motor savings are derived from running the motor at slower speeds. Again, affinity laws show that power consumption is proportional to flow. Calculated savings from VSD operation is also dependent upon base case operation. Existing operation of equipment were reviewed to identify if systems were constant volume or had less efficient forms of control such as variable inlet vanes.

All calculations will look at key variables effecting VSD operation. These include motor horsepower, motor load and efficiency, VSD efficiency, minimum required motor speed as dictated by system requirements, and system capacities in CFM or GPM.

Monitoring. For most variable speed drive applications, loggers which measure current or demand amplitude (often termed data loggers, power loggers, or current loggers) were used to record the dynamics of equipment over the monitoring period.  The logger data provided two valuable inputs – average power draw of the system and its operating schedule. In addition, we gathered some VSD information from control panel readouts when available.  Since some VSD applications vary with an external input like a process cycle, outdoor temperature, static duct pressure, or return water temperature, these parameters were considered and monitored when appropriate.  The analysis was calibrated to hourly temperature data and performed by the temperature bin method.

Analysis. VSD measures were analyzed via bin calculations that group energy by an external variable, commonly temperature.  Where possible and appropriate, the same methodology employed in the tracking system gross estimate was used to develop on-site savings estimates.  Key parameters to this analysis included an operating profile or mean demand, and the number of operating hours at each condition.  The demand profile of the equipment was be either spot measured and averaged or current/power monitoring equipment was deployed to track equipment energy consumption over time.  In either case, spot power measurements were sometimes performed.  When the VSDs were installed in electrically conditioned space, then RLW calculated interactive HVAC effects (cooling benefit or heating penalty) for the measure.

In most evaluation situations, the pre-retrofit power and flow of the system is not measured and documented.  In any instance where the pre-retrofit condition was well defined, it was employed as the baseline.  In lieu of such data, in systems where the CFM airflow through a fan is modulated by inlet guide vanes (IGV) prior to the installations of a VSD, evaluators defaulted to the empirical relationship evidenced in Figure 8.  These curves were taken from the DOE-2 REFERENCE MANUAL (Version 2.1E).  The VSD curve obtained in the manual can be calibrated using actual VSD monitored data from this or other studies.  Using these two power curves, mathematical relationships were developed to facilitate the derivation of IGV/VSD power or flow from known quantities.  Such formulae were applied to each measured, interval kW reading to derive associated estimates for the baseline flow/power under control.
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Figure 8: Variable Air Volume Performance Curves

High-Efficiency Motors

These measures included replacement of standard efficiency motors with high- or premium-efficiency alternatives.  Energy in a motor can be lost through four mechanisms: electrical, core, mechanical, and stray.  Electrical losses occur wherever there is a flow of current.  This loss is defined as I2R, with I being the current and R being the resistance in the line.  Core losses occur in the stator and rotor and are a result of changes in the magnetic flux.  Mechanical losses occur mainly through friction.  Stray losses range from: leakage flux, non-uniform current distribution, or imperfections in the air gap.  These losses are all functions of the loading of the motor, as the loading increases the more energy is lost.  Energy-efficient motors combat this problem by using lower resistance materials in the current lines, larger cross sections in the rotor and stator, improved magnetic materials, careful manufacturing and conscientious optimization of design.  Additionally, due to cooler running temperatures and better bearings energy-efficient motors tend to have a longer life and require less maintenance than their less efficient counterparts.

Monitoring. For constant speed motor applications, time-of-use CT loggers and/or Motor Loggers were typically installed to record the operating hours over the monitoring period. Since many of these applications were process or pump motors at waste/water treatment plants, interview data were also used to help determine estimates of annual operating hours. 
Analysis. Typical motor measures were analyzed via line-item calculations that subtract the energy of post-retrofit equipment from pre-retrofit equipment to derive energy savings as illustrated in Table 33.  Key parameters to this analysis are motor size and efficiency from the nameplate, motor loading from spot power measurements, and annual hours from metering or interview data.  If the motors were installed in electrically conditioned space, then it was appropriate to calculate interactive HVAC effects (cooling benefit or heating penalty) for the measure.  Like the previous measures, RLW ‘bucketed’ the savings discrepancies between the tracking system and the adjusted gross savings for VSDs by changes in technology, quantity, and hours of operation to assist NU in understanding the drivers of the VSD realization rate. 
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Table 33: Analyzing High Efficiency Motors

 Appendix D:  On-Site Result Write-ups



� EMBED Excel.Sheet.8  ���








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































� Indeed, in previous C&I evaluations RLW has performed for NU, historical lighting realization rates have been used to produce gross estimates of savings due to the historical stability of lighting measures.  


� These instances are reserve payments and reflect 2005 money set aside for a project that will be completed in 2006.


� CT & MA Utilities 2004-2005 Lighting Hours of Use for School Buildings Baseline Study, Draft Report, May 30, 2006, RLW Analytics, Inc. 





� This is the stratified ratio estimate of the realization rate in the population.  It is calculated using the equation � EMBED Equation.3  ��� in which y is the measured savings of each project in the sample, and x is the tracking estimate of savings.  The case weight w is the ratio between the total number of projects in the population in each stratum, divided by the total number of projects in the sample in that stratum.


� C&I Prescriptive Non-Electric Benefits Algorithms, Optimal Energy, August 22, 2003.


� This assumes that the kWh savings already include the benefits to cooling due to the reduced heat from the more efficient lighting.


� C&I Prescriptive Non-Electric Benefits Algorithms, Optimal Energy, July 17, 2003.


� Estimated fraction of the total square footage of the facility.


� Categorize operation as appropriate for this business, e.g. Mon-Fri, Mon-Wed, Sat-Sun, Holidays, etc.


� For use when schedules are different by season, month, or other time period. 


� Estimated diversity fraction of occupied space that is lit under this schedule. 


� CT & MA Utilities 2004-2005 Lighting Hours of Use for School Buildings Baseline Study, Draft Report, May 30, 2006, RLW Analytics, Inc. 
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Lighting Hour Application Approach Overview                


66 lighting sites performed


Logged hours are used to calculate site level energy savings.  


Non-School Sites (25)


Baseline monitoring data is used to calculate site level energy savings.  


School Sites (41)


Activities Undertaken
Logged installed controls and lighting circuits representing major lighting schedules and program savings.  

Installed loggers for a minimum of three weeks.

Analysis Undertaken
The lighting savings at these sites used the captured logger hours. 



Activities Undertaken
Used logger and occupancy data based upon the schools baseline study monitoring data.  

Analysis Undertaken
The lighting savings at these sites used the calculated on hours from the baseline study to represent the hours of use of manual controlled circuits.  The use of occupancy data from the baseline study informed the hours of lighting controlled by occupancy sensors.
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		0.5337346277		0.5337346277

		0.5318884586		0.5318884586

		0.5242747527		0.5242747527

		0.5175033475		0.5175033475

		0.5164528125		0.5164528125

		0.5160647879		0.5160647879

		0.5138245939		0.5138245939

		0.5104289784		0.5104289784

		0.5054439736		0.5054439736

		0.4978398394		0.4978398394

		0.4954209588		0.4954209588

		0.4949869494		0.4949869494

		0.4949075611		0.4949075611

		0.4797103207		0.4797103207

		0.4780222931		0.4780222931

		0.4753519225		0.4753519225

		0.4666891866		0.4666891866

		0.4629005681		0.4629005681

		0.4515297403		0.4515297403

		0.4354452227		0.4354452227

		0.4327371071		0.4327371071

		0.4313298216		0.4313298216

		0.4306428062		0.4306428062

		0.428348955		0.428348955

		0.4253387		0.4253387

		0.4239478177		0.4239478177

		0.4229054374		0.4229054374

		0.4221874938		0.4221874938

		0.4110286016		0.4110286016

		0.4106147936		0.4106147936

		0.4086292408		0.4086292408

		0.4062365585		0.4062365585

		0.4052545695		0.4052545695

		0.3972674842		0.3972674842

		0.3930686272		0.3930686272

		0.3791084225		0.3791084225

		0.3731460956		0.3731460956

		0.3700055936		0.3700055936

		0.3681762606		0.3681762606

		0.3605781861		0.3605781861

		0.3602754119		0.3602754119

		0.3565101495		0.3565101495

		0.3511635544		0.3511635544

		0.3452666194		0.3452666194

		0.3440533091		0.3440533091

		0.3426671859		0.3426671859

		0.3373280849		0.3373280849

		0.336392116		0.336392116

		0.3327756338		0.3327756338

		0.313798219		0.313798219

		0.2938252854		0.2938252854

		0.2923696656		0.2923696656

		0.2903318306		0.2903318306

		0.2855363048		0.2855363048

		0.2837412403		0.2837412403

		0.2749305329		0.2749305329

		0.2747807776		0.2747807776

		0.2582243943		0.2582243943

		0.2456582842		0.2456582842

		0.2346872097		0.2346872097

		0.2296424884		0.2296424884

		0.2280833254		0.2280833254

		0.2270754149		0.2270754149

		0.2204243078		0.2204243078

		0.2121788677		0.2121788677

		0.2055977542		0.2055977542

		0.2023797148		0.2023797148

		0.2019043751		0.2019043751

		0.1935484245		0.1935484245

		0.1906833227		0.1906833227

		0.1900503332		0.1900503332

		0.1898217315		0.1898217315

		0.1873816493		0.1873816493

		0.1789909101		0.1789909101

		0.1757846662		0.1757846662

		0.1736198725		0.1736198725

		0.1704162076		0.1704162076

		0.1586672208		0.1586672208

		0.1575347385		0.1575347385

		0.1526200964		0.1526200964

		0.1488667325		0.1488667325

		0.147257235		0.147257235

		0.1460785056		0.1460785056

		0.143967133		0.143967133

		0.1422919654		0.1422919654

		0.1394633346		0.1394633346

		0.1386553442		0.1386553442

		0.1338157666		0.1338157666

		0.1230080713		0.1230080713

		0.1199711152		0.1199711152

		0.1165419815		0.1165419815

		0.1161925173		0.1161925173

		0.1127024574		0.1127024574

		0.1050601787		0.1050601787

		0.1041353285		0.1041353285

		0.1015253302		0.1015253302

		0.1010291074		0.1010291074

		0.1006811138		0.1006811138

		0.0888976454		0.0888976454

		0.0883266527		0.0883266527

		0.0813998273		0.0813998273

		0.0753229262		0.0753229262

		0.0721119126		0.0721119126

		0.0620849269		0.0620849269

		0.0540187989		0.0540187989

		0.0539694692		0.0539694692

		0.0341290458		0.0341290458

		0.0282319652		0.0282319652

		0.023217461		0.023217461

		0.0193364173		0.0193364173

		0.0184283865		0.0184283865

		0.0107995996		0.0107995996

		0.0095910215		0.0095910215

		0.001332466		0.001332466



IGV

VSD

%Flow (CFM)

%Power (kW)

Typical Fan Performance Curves

1

0.9996

0.9732160707

0.962768175

0.9623245956

0.9477199981

0.952763561

0.934475234

0.9522377388

0.9337458634

0.9513686553

0.9325401331

0.9484206235

0.9284481056

0.9476166158

0.9273315481

0.9406455088

0.9176405142

0.9323173428

0.9060392166

0.9218813007

0.8914644992

0.9102008504

0.8751018626

0.8942723323

0.852700801

0.8883994143

0.8444153222

0.8823088645

0.8358076427

0.8771572758

0.8285147693

0.8763038903

0.8273055791

0.8601743423

0.8043917727

0.8560005481

0.7984437794

0.8551636166

0.7972501456

0.8496200774

0.7893359495

0.8493360608

0.7889300995

0.8345870162

0.7678030176

0.8248610489

0.7538150663

0.8185777985

0.744754116

0.8178095397

0.7436448955

0.8147544892

0.7392310873

0.8052362968

0.7254496154

0.7997397529

0.7174701056

0.7962428861

0.7123854476

0.7934321605

0.70829384

0.7926088661

0.7070945721

0.790695992

0.70430676

0.7700728298

0.6741248309

0.7586775945

0.6573458568

0.7582332109

0.6566900021

0.7566205836

0.6543089948

0.7518345894

0.6472335552

0.751683516

0.6470099923

0.751650894

0.6469617156

0.7447691482

0.6367632329

0.7438682111

0.6354259545

0.73705456

0.6252961482

0.7338408826

0.6205083667

0.7332606147

0.6196431824

0.7307169939

0.6158481038

0.7268592628

0.6100844867

0.7208580537

0.6010992621

0.7192361983

0.5986669073

0.7186768529

0.5978276331

0.7091567906

0.5835109933

0.708939138

0.5831829593

0.7033903996

0.574809156

0.6997110708

0.5692446845

0.6986461605

0.5676323695

0.6951463325

0.5623277894

0.6790826099

0.5378653725

0.6754418747

0.5322940745

0.6685877499

0.521777368

0.6682406367

0.5212437817

0.6674116298

0.5199690331

0.6599252867

0.5084322342

0.6592535254

0.5073947748

0.6591677737

0.5072623141

0.658975042

0.5069645789

0.6518552037

0.4959439238

0.6508628747

0.4944045056

0.6508020584

0.4943101328

0.6474806976

0.4891512994

0.6442214368

0.484079581

0.6392031965

0.4762523277

0.6328662597

0.4663356635

0.6321634457

0.4652335515

0.6280328045

0.458746766

0.6224059307

0.4498841435

0.6221075976

0.4494133983

0.6220491053

0.4493210919

0.6194566896

0.4452266487

0.616184114

0.4400484611

0.6110936058

0.4319723051

0.6089707869

0.4285965738

0.6083247944

0.4275683799

0.5900482017

0.3982921598

0.5883606728

0.3955701904

0.5876793049

0.3944702148

0.580744407

0.3832436322

0.575900841

0.3753681783

0.5730656835

0.3707448073

0.5596332838

0.3486987297

0.5575171263

0.345203437

0.5574248732

0.3450509195

0.5563050198

0.3431985708

0.5529732661

0.3376770364

0.5516660936

0.3355063902

0.5468821163

0.3275409789

0.5422901884

0.3198630859

0.5406029411

0.3170337977

0.5390781735

0.3144731327

0.5384301462

0.313383736

0.5367994242

0.3106393716

0.5318923781

0.3023552043

0.52576269

0.2919502806

0.5235758213

0.2882223907

0.5218558458

0.2852844218

0.5193901474

0.2810633096

0.516039469

0.2753091654

0.5079506664

0.2613292975

0.5060309455

0.2579922566

0.5030343275

0.2527679566

0.5005513237

0.2484246393

0.4968450594

0.2419164911

0.4964341871

0.2411931159

0.4900198177

0.2298494513

0.4819041984

0.215353541

0.4815627402

0.2147399291

0.4793278989

0.2107161536

0.4775640045

0.2075307264

0.4767308299

0.2060230969

0.4742687676

0.2015565409

0.4732939303

0.1997832256

0.4693446438

0.1925703317

0.4659273028

0.1862903589

0.4654050655

0.1853273899

0.4652127089

0.1849724755

0.4641078153

0.1829315175

0.4624513283

0.179864102

0.46005911

0.1754179069

0.4564998587

0.1687655058

0.4553901862

0.1666820736

0.4551922249

0.166309916

0.4551560517

0.1662418962

0.4484429746

0.1535307062

0.4477229928

0.1521566057

0.4465943606

0.1499981673

0.4430194929

0.1431247005

0.4414971275

0.1401800184

0.4370756376

0.1315643855

0.4311908428

0.1199395245

0.4302416741

0.1180462751

0.4297531001

0.1170696608

0.4295157407

0.116594683

0.4287286999

0.1150172902

0.4277085687

0.1129670362

0.4272420681

0.1120272829

0.4268944554

0.111326122

0.4266560301

0.1108447501

0.4230534363

0.1035250639

0.4229235335

0.1032594556

0.4223038615

0.1019907659

0.4215650878

0.1004745848

0.421264392

0.0998563151

0.4188723458

0.0949134111

0.4176527617

0.0923758417

0.4137817379

0.0842373134

0.412212794

0.0808995673

0.4114062843

0.0791743797

0.4109427591

0.0781798648

0.4090663192

0.074130622

0.4089931605

0.073971971

0.4080935994

0.0720162357

0.4068484982

0.069293662

0.4055185191

0.0663644837

0.4052504375

0.0657713162

0.4049464782

0.065097621

0.4037984785

0.0625419395

0.4036009299

0.0621003143

0.4028478978

0.0604117591

0.3991576887

0.0520096124

0.3957274817

0.0439785451

0.3954948945

0.0434250186

0.3951731463

0.0426572416

0.3944336342

0.0408832032

0.3941631247

0.0402308952

0.3928842935

0.0371210729

0.3928632507

0.0370695257

0.3906753837

0.031636183

0.3891914903

0.0278565601

0.3880141959

0.0247926225

0.3875084177

0.0234559967

0.3873565179

0.0230519677

0.3872594219

0.0227930536

0.3866400316

0.0211288198

0.3859224046

0.0191711142

0.3853882382

0.0176908333

0.3851391658

0.0169931743

0.3851030389

0.0168915661

0.38449532

0.0164881963

0.3842986276

0.0164881963

0.3842559606

0.0164881963

0.3842406212

0.0164881963

0.3840791799

0.0164881963

0.3835553685

0.0164881963

0.3833677098

0.0164881963

0.3832448154

0.0164881963

0.3830684876

0.0164881963

0.3824765855

0.0164881963

0.3824239335

0.0164881963

0.3822040775

0.0164881963

0.3820454302

0.0164881963

0.3819798013

0.0164881963

0.3819326386

0.0164881963

0.3818500427

0.0164881963

0.3817862113

0.0164881963

0.3816817902

0.0164881963

0.3816527285

0.0164881963

0.3814856399

0.0164881963

0.3811539647

0.0164881963

0.3810705865

0.0164881963

0.3809813838

0.0164881963

0.3809725819

0.0164881963

0.380887548

0.0164881963

0.3807189623

0.0164881963

0.3807001417

0.0164881963

0.3806488061

0.0164881963

0.3806393391

0.0164881963

0.3806327552

0.0164881963

0.3804355745

0.0164881963

0.3804272352

0.0164881963

0.3803343968

0.0164881963

0.3802649557

0.0164881963

0.3802324945

0.0164881963

0.3801483714

0.0164881963

0.3800977297

0.0164881963

0.3800974622

0.0164881963

0.380024647

0.0164881963

0.3800139513

0.0164881963

0.3800077595

0.0164881963

0.3800044825

0.0164881963

0.3800038802

0.0164881963

0.3800007809

0.0164881963

0.380000547

0.0164881963

0.3800000015

0.0164881963



DATA

				Constant (a)		0.6200		0.9996				y = axn + b

				Y-Intercept (b)		0.3800		0.0000

				Exponent (n)		3.0000		2.5504

						%KW		%KW

		CFM		%CFM		IGV		VSD

		99.511426469		100%		100%		100%		100%

		98.0573211713		99%		97%		96%		99%

		97.4534981974		98%		96%		95%		98%

		96.9171978076		97%		95%		93%		97%

		96.8875306401		97%		95%		93%		97%

		96.8384566206		97%		95%		93%		97%

		96.6716202299		97%		95%		93%		97%

		96.6260193726		97%		95%		93%		97%

		96.2288223883		97%		94%		92%		97%

		95.7499631213		96%		93%		91%		96%

		95.1430589066		96%		92%		89%		96%

		94.4544728573		95%		91%		88%		95%

		93.4989589444		94%		89%		85%		94%

		93.1416804447		94%		89%		84%		94%

		92.7682440303		93%		88%		84%		93%

		92.4500155375		93%		88%		83%		93%

		92.3970874941		93%		88%		83%		93%

		91.3850959145		92%		86%		80%		92%

		91.1195443906		92%		86%		80%		92%

		91.0661091857		92%		86%		80%		92%

		90.7105793145		91%		85%		79%		91%

		90.6922889961		91%		85%		79%		91%

		89.7321480839		90%		83%		77%		90%

		89.0875842328		90%		82%		75%		90%

		88.6661673743		89%		82%		74%		89%

		88.6143648002		89%		82%		74%		89%

		88.4077654423		89%		81%		74%		89%

		87.757820954		88%		81%		73%		88%

		87.3780649597		88%		80%		72%		88%

		87.1347380624		88%		80%		71%		88%

		86.9381659876		87%		79%		71%		87%

		86.8804190994		87%		79%		71%		87%

		86.7459505136		87%		79%		70%		87%

		85.2689579452		86%		77%		67%		86%

		84.4304152335		85%		76%		66%		85%

		84.3973755342		85%		76%		66%		85%

		84.2772596999		85%		76%		65%		85%

		83.9187457528		84%		75%		65%		84%

		83.9073790365		84%		75%		65%		84%

		83.9049241682		84%		75%		65%		84%

		83.3838137969		84%		74%		64%		84%

		83.3151077809		84%		74%		64%		84%

		82.7917857224		83%		74%		63%		83%

		82.5426469964		83%		73%		62%		83%

		82.4975014176		83%		73%		62%		83%

		82.2990190246		83%		73%		62%		83%

		81.9961549617		82%		73%		61%		82%

		81.5205138581		82%		72%		60%		82%

		81.3910125028		82%		72%		60%		82%

		81.346254373		82%		72%		60%		82%

		80.5767961107		81%		71%		58%		81%

		80.5590319108		81%		71%		58%		81%

		80.1034884312		80%		70%		57%		80%

		79.7985402605		80%		70%		57%		80%

		79.7098426633		80%		70%		57%		80%

		79.4169384906		80%		70%		56%		80%

		78.0439860345		78%		68%		54%		78%

		77.7260155999		78%		68%		53%		78%

		77.1202364799		77%		67%		52%		77%

		77.0893040162		77%		67%		52%		77%

		77.0153277128		77%		67%		52%		77%

		76.3407517939		77%		66%		51%		77%

		76.2796356786		77%		66%		51%		77%

		76.2718270289		77%		66%		51%		77%

		76.2542708151		77%		66%		51%		77%

		75.5999669143		76%		65%		50%		76%

		75.5078694681		76%		65%		49%		76%

		75.5022178419		76%		65%		49%		76%

		75.1922714301		76%		65%		49%		76%

		74.8856157679		75%		64%		48%		75%

		74.4084925635		75%		64%		48%		75%

		73.7971092503		74%		63%		47%		74%

		73.7286754901		74%		63%		47%		74%

		73.3238786362		74%		63%		46%		74%

		72.7651567008		73%		62%		45%		73%

		72.7352933469		73%		62%		45%		73%

		72.7294353424		73%		62%		45%		73%

		72.4688517381		73%		62%		45%		73%

		72.1372002949		72%		62%		44%		72%

		71.6151707347		72%		61%		43%		72%

		71.395210901		72%		61%		43%		72%

		71.3280055146		72%		61%		43%		72%

		69.3716532323		70%		59%		40%		70%

		69.1853760187		70%		59%		40%		70%

		69.10987845		69%		59%		39%		69%

		68.3319068131		69%		58%		38%		69%

		67.7778552689		68%		58%		38%		68%

		67.4492954464		68%		57%		37%		68%

		65.8473030029		66%		56%		35%		66%

		65.5877110757		66%		56%		35%		66%
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VSD

%kW with Variable Speed Drive

%kW with Inlet Guide Vanes

VSD vs. IGV Performance
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IGV

%kW with Inlet Guide Vanes

%kW with Variable Speed Drive

IGV vs. VSD Performance
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Typical Fan Performance Curves
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