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Section 1:   Executive Summary

Nexant, Inc., contractor to the Connecticut Energy Conservation Management Board (ECMB) and Northeast Utilities, has completed an impact and persistence evaluation study of Connecticut Light and Power’s (CL&P) Operations and Maintenance (O&M) Services Program (2002- 2004).  The objectives of the study were to obtain: 

· Adjusted gross energy and demand (kWh, kW) savings achieved by the program 

· Estimates of the persistence of the program’s savings 

· Estimates of the program’s non-electricity impacts, if any 

For the adjusted gross impacts, the basic approach is to develop a realization rate, the ratio of savings determined by review for a sample of projects to the savings reported by the program, and to then multiply the program reported savings by the realization rate.

Nexant used a random sampling approach as the basis for the investigation.  Nexant estimated that a sample size of 38 completed projects would be needed to report results with 10% precision at the 90% confidence interval, given a population size of 86 projects and an assumed coefficient of variation of 0.5.  The actual sample size was 46 due to over sampling and the use of alternates necessitated by a high non-response rate.  By stratifying and weighting towards the largest contributors to the program’s reported savings, the sample accounted for 85% of the program’s reported kWh/year savings.  

Due to non-response of some program participants, Nexant was able to collect data on only 37 of the 46 sampled projects.  Among the 37 projects, there are 24 manufacturing facilities, 9 grocery stores and 4 miscellaneous facilities.  Twenty of the 37 projects involved compressed air related measures, and these 20 projects accounted for 65% of CL&P reported kWh savings.   

The basic approach for the evaluation study was to review CL&P documents for the sampled projects, conduct site inspections for each project to verify measure installation and operation, administer a survey to help quantify non-electric impacts, and finally to analyze site inspection results and survey data.  The primary results of the study are captured in program realization rates, adjusted kWh and kW savings impacts, estimated additional non-electric impacts (in dollars) that have occurred as a result of the program, and a method to predict the persistence of savings for O&M projects.  Measure life is beyond the scope of this study.  

Based on the analysis of the 37 completed project reviews, the O&M program is currently delivering approximately 7,086,604 ± 2,137,512 kWh/year of savings and 419 kW in summer on-peak coincident demand reduction.  The kWh savings are reported with 30% precision at the 90% confidence level.  Table 1 summarizes the energy and demand savings for the O&M program as of December 2005.  

Table 1: Savings impacts CL&P Operations and Maintenance Program, December 2005

 
Annual Electric Energy Savings (kWh)
Summer On-Peak Coincident Demand Reduction (kW)

Nexant mean
7,086,604 
419

Nexant low
4,949,092 
Not Applicable

Nexant high
9,224,116 
Not Applicable

NU reported
8,545,892 
27

Nexant is reporting a modified realization rate for the program.  The modification removes 20 sites that were enrolled in the program as a way to investigate a sub-set of the target market.  Their inclusion by CL&P was an effort to test the effect of installing energy management systems in grocery stores to see if the technology would enable energy managers to make informed decisions about operating equipment and leading to reduced energy consumption.  CL&P claimed no savings for these 20 projects
.  Removing the impacts for these experimental projects results in a realization rate that better reflects the operation of the core O&M program.  Table 2 shows the realization rate with the 20 grocery stores removed.  

Table 2: Realization rate CL&P Operations and Maintenance Program

Realization Rate

0.80

It is worth noting that the realization rate is highly influenced by the closure of two facilities
 that reported approximately 15% of the savings in Nexant’s sample.  Because the savings for these projects are no longer available, their realization rates are 0%.  If the 2 projects are excluded from the calculation, the program realization rate is close to 91% and is reported with 10% precision at the 90% confidence level.  

The O&M program has reported summer on-peak demand reduction for only three of its 85 completed projects.  Nexant estimates that the program has resulted in 419 kW of demand reduction, a benefit not recorded to date by Northeast Utilities.  Nexant’s estimate is based on average per project demand reduction for large and small projects in the study sample, as determined through engineering calculations, on-site reviews, and interviews with facility managers.  The methodology results in an average point value.  No uncertainty estimate can be calculated.  

The question of the persistence of savings from operational and maintenance measures, and other retro-commissioning projects, has been the subject of debate, with many parties expressing skepticism that such savings would continue.  Nexant investigated the persistence of O&M savings by analyzing realization rates for 28 projects as a function of years since project completion.  Figure 1 demonstrates that realization rates and therefore adjusted savings decline with the passage of time, as expected.  Projects completed in 2005 have average realization rates close to 1.0 while realization rates for projects completed in 2001 are 0.71.  The results of this analysis are captured in a regression equation that can be used to estimate O&M project savings for up to 5 years after project completion.  

Figure 1: Persistence of savings for O&M program
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The regression trend line in Figure 1 represents all currently operating projects.  There are 2 facilities that have closed operations that are excluded from this analysis; this was done in order to report the core program persistence by removing the effect of the market  

The results of this persistence study shown in Figure 1 should not be used to estimate savings beyond 5 years.  In particular, estimates of lifetime savings should be based on the program’s annual impacts adjusted by the realization rate of 0.80.  

Nexant conducted a survey to quantify the non-electricity impacts of program participation by administering a survey to 34 site personnel who were familiar with the measures.  Among the 17 survey respondents, the vast majority (94%) mentioned some type of non-electricity impact, most often changes in maintenance costs or labor, and all changes identified were positive in terms of saving money or labor.  However, due to the small sample size, difficulty in interviewing key decision makers at customer sites, and the subjective nature of the responses, the results should be used with caution, and probably not at all for any benefit/cost analysis.  The survey results indicate that customers place a value on non-electric impacts equal to approximately 25% of their electricity cost savings.  Due to the relatively small sample size, the survey results should not be extrapolated to the population of program participants.  .  

Section 2:   Program INTRODUCTION

The objective of the CL&P Operations and Maintenance Services Program (2002 - 2004) is to promote the use of a sound operating and maintenance plan for energy consuming devices and systems owned by commercial and industrial customers of CL&P.  CL&P offers financial incentives to customers to identify O&M improvement opportunities, make necessary changes and repairs, and to continue these good maintenance practices.  These efforts usually focus on low-cost, rapid payback activities that are often overlooked by facility operators.  Approximately 65% of the projects involved compressed air systems in industrial settings.  Applications include such things as improving the efficiency of compressed air systems, modifying control algorithms in building automation systems and the installation of monitoring systems for the refrigeration equipment found in supermarkets
.  

As of the end of year 2005, CL&P reported that 85 O&M projects had been completed and were operational
.  Table 3 summarizes the project savings by year and end use type.  The 70% of program savings assigned to the process end use classification are largely focused on air-compressor and air-distribution system improvements. 

Table 3: Annual kWh/year savings summary of operational O&M projects

End Use
2002
2003
2004
Total
Share

Cooling
615,108 
168,802 
497,594 
1,281,504 
15%

Heating
9,636 
2,644 
7,795 
20,075 
0%

Other
558,048 
153,143 
451,436 
1,162,627 
14%

Process
2,866,133 
786,544 
2,318,573 
5,971,250 
70%

Refrigeration
53,008 
14,547 
42,881 
110,436 
1%

Total
4,101,933 
1,125,680 
3,318,279 
8,545,892 
100%

Share
48%
13%
39%
100%
 

Twenty-five projects in the program tracking record report zero kWh/yr savings, eight of which were included in Nexant’s sample.  Based on the sample review some of these projects are actually delivering savings, an observation that is reported in Table 1, but excluded from the analysis for the realization rate reported in Table 2.  .  

Of the 85 operational projects, only three (two for year 2002 and one for year 2004) record summer on-peak demand savings.  Nexant has accounted for this previously under-reported benefit in the program-adjusted savings shown in Table 1.  

Section 3:   EVALUATION overview

This section provides an overview of the evaluation tasks and the methodologies that Nexant employed.  Nexant’s evaluation work included sampling, reviewing project documents, developing measurement and verification plans, conducting site inspections, administering non-electric impact surveys, and performing data analysis.  The results of these activities are presented in Section 4:  
3.1 Sampling

The CL&P O&M program had a total of 85 completed projects as of December 2005.  Nexant drew a sample of 46 projects using the following procedure:  

Given a desired precision of ±10% at the 90% confidence interval and an assumed coefficient of variation of 0.5, the sample size is 38 projects
.  To guard against the possibility that the true coefficient of variation could be larger than 0.5, the sample size was increased for a total of 42.  To control the variance in the impact analysis, Nexant used a stratified, weighted sampling approach and selected all 27 projects in the large stratum that account for 80% of the reported savings, with the remaining 15 sample projects drawn from the small stratum that accounts for the 20% balance of savings.  Large projects were defined as those with savings of 106,000 kWh per year or greater.  Finally, to protect against non-response of facility owners, Nexant drew an additional 4 projects as alternates, resulting in a total sample size of 46.  The net effect is to capture over 85% of the program savings in the sample.  

Shortly after the sample was drawn, Northeast Utilities notified Nexant that project CE04R201 did not belong to the O&M Program and it was removed from Nexant’s copy of the CL&P database.  No other adjustment was made to the program tracking record.  Project CE04R201 was treated as an anomaly and is not included in the program’s realization rate calculations.   

Due to non-response of some program participants, Nexant was able to collect data on only 37 sampled projects.  Table 4 summarizes the characteristics both of the planned and analyzed portions of the sample.

Table 4:  Sample strata

Stratum
Population
Planned Sample
Analyzed Sample


Quantity
kWh/yr
% kWh
Quantity

kWh/yr
% kWh
Quantity
kWh/yr
% kWh

Large
26
6,764,099
79%
33
6,764,099
93%
19
5,228,380
91%

Small
59
1,781,793
21%
13
511,827
7%
18
505,771
9%

Total
85
8,545,892
100%
46
7,275,926
100%
37
5,734,151
100%

The population of all O&M projects and Nexant’s sample are listed in Appendix 1.  

As shown in Table 5, 24 out of the 37 inspected projects involved manufacturing facilities with 15 in the large stratum (savings greater than 106,000 kWh/yr).  

Table 5: Analyzed facility types

Facility Type
Total Number of Projects
Percentage of Facility type
Stratum
Count

Manufacturing
24
65%
Small
9




Large
15

Grocery
9
24%
Small
8




Large
1

Hospital
1
3%
Large
1

Office 
1
3%
Small
1

Printing
1
3%
Large
1

Laundry
1
3%
Large
1

Total 
37
100%
 
37

As listed in Table 6, the reported kWh savings for manufacturing facilities accounts for 84% of the 37 analyzed sample projects. 

Table 6: Analyzed sample reported kWh savings in types  

Facility Type
Total CL&P kWh Savings
Percentage of kWh Savings
Stratum
Count

Manufacturing 
4,827,772 
84% 
Small
9




Large
15

Grocery 
128,645
2%
Small
8




Large
1

Hospital 
370,816
6%
Large
1

Office
49,061
1%
Small
1

Printing 
159,249
3%
Large
1

Industrial laundry
198,608
3%
Large
1

Total
5,734,151
100%

37

As shown in Table 7, 20 of the 37 analyzed sample projects involve compressed air systems and account for 65% of reported kWh savings.  The compressed air measures include the following activities: 

· Repair compressed air leakage 

· Replace old drains with no-loss drains 

· Sequence compressor operation 

· Reduce distribution system pressure 

· Install solenoid valves 

· Turn off major compressors 

· Install blowers to reduce compressors load 

· Replace air-driven mixers with electricity-driven mixers.  

Refrigeration measures were retrofits that took place in 2 grocery stores; cooling measures relate to space cooling and production cooling.  Control measures involve HVAC equipment and enhancement of existing control systems; and monitoring measures involve the installation of monitoring systems in grocery stores.  Other measures include installing motorized exhaust dampers and relief dampers. 

Table 7: Measure type of analyzed sample

Measure Type
Total Number
CL&P kWh Savings
Percentage of CL&P kWh Savings

Compressed air Measures
20
3,727,198
65%

Refrigeration Measures
2
128,645
2%

Cooling Measures
3
575,471
10%

Control Measures 
2
786629
14%

Monitoring Measures
7
0
0%

Other Measures 
3
516,208
9%

Total
37
5,734,151 
100%

As summarized in Table 8, 21 of the 37 analyzed sample projects involve hardware retrofits accounting for 66% of reported savings.  The rest 16 projects relate to operation and maintenance (O&M). 

Table 8: Measure category of analyzed sample

Measure Category
Total Number
CL&P kWh Savings
Percentage of kWh Savings

Hardware or Retrofit
21
3,756,634
66%

O&M
16
1,977,517
34%

Total
37
5,734,151
100%

3.2 Document Review

The purpose of the document review was to understand the measures for each project, and to examine the engineering calculations used to estimate the savings recorded in the program database.  

The review process began in the winter of 2006 when Northeast Utilities provided Nexant with copies of the files for 46 projects in the sample.  A typical file review consisted of:

· Reviewing the project general information including site address, project completion date, CL&P energy savings, project incentives and facility type  

· Identifying contacts for site inspections

· Summarizing implemented energy efficient measures including hardware retrofits and operation and maintenance changes

· Checking savings calculations

· Summarizing pertinent project information including existing and new equipment  

· Developing specific questions and checks for site inspections

· Documenting the review process in a review workbook

Through documentation review, Nexant found 3 types of discrepancies between CL&P database and the program’s paper documents as listed in Table 9.   

Table 9: Discrepancies between CL&P database and the Program’s paper documents

Zero kWh savings in CL&P database but non-zero in project documents
 
Higher lifetime kWh savings in the project documents than CL&P’s database

Lower lifetime kWh savings in the project documents than CL&P’s database

WE01M027
CE02M007
CE04M006
WE02M009
WE03M005

EA01M010
CE03M002
WE02M014
WE02M011
EA01M017

CE01M028
WE04M010
CE02M002
CE01M018
WE01M040

WE01M034
CE04M007
EA04M002
EA02M010
EA01M004

CE01M018
WE04M018
CE01M007
EA01M009
CE02M003

EA01M009
CE02M005
CE04M003
EA03M001
CE04M001

WE01M019
WE02M003
EA01M010
WE01M019
WE04M002

WE01M032
CE04M008
WE02M004
WE01M032
WE01M027

CE01M028 
EA01M013
CE04M004
WE02M016
EA02M007

 
WE04M013
CE01M028
EA00M020
WE01M034

 
CE02M006
 
 
 

As explained earlier, project CE04R201 was recorded in the tracking database but is not an O&M Services Program project

3.3 Measurement and Verification Plan 

Nexant developed a measurement and verification (M&V) plan for this study for the major measure categories promoted by the O&M program.  The M&V plan for O&M Service program is comprised of three individual plans for process, cooling, and refrigeration measures.  The detailed M&V plan is included in Appendix 2.

3.4 Site Inspection  

Nexant conducted site inspections for all projects in the sample for which owners or owner’s representatives could be contacted and for which permission was given to come on site.  A typical site inspection consisted of:

· Interviewing each project representative

· Verifying that the measures are installed and operational  

· Recording related equipment nameplates

· Observing on-site equipment operation, for example, on-off status, on-off cycle, compressor motor speed, capacity and instantaneous power use. 

Nexant was able to conduct site inspections for 34 out of the 46 projects in the sample population.  Three additional sampled projects were closed and the program modified equipment removed or not in service.  The reasons for not being able to get on site ranged from host buildings having been sold or going out of business since the measures were completed (4 sites), to not locating staff familiar with the measures (2 sites), to owner refusal or scheduling conflict (5 sites). 

3.5 Data Analysis  

Nexant’s data analysis was based on information gathered from document reviews and site visits, and included the following activities:

· Summarizing the information and data collected from each site inspection (project summaries are included in the Appendix 3).

· Calculating the kWh energy savings and kW demand savings for each project.  The calculation methodology mainly followed Nexant’s M&V Plan as shown in the Appendix 2, which also has specific details for each project.  The major data resources for calculations were site inspection notes, project documents, the Compressed Air and Gas Handbook
, Best Practices for Compressed Air Systems
, and equipment specifications from manufacturers. 

· Determining the realization rate for each project.  The realization rate is the ratio of the Nexant estimated savings over the CL&P savings.

· Determining the adjusted program energy savings by multiplying the program reported savings by the program realization rate.

· Determining the adjusted energy savings precision.

Nexant used the following procedure to quantify the precision of the savings realization rates:

Step 1: Calculate RR by stratum and total
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Step 2: Calculate average verified MWh by stratum and total


[image: image5.wmf]i

i

verified

s

n

MWh

MWh

å

=

,


Step 3: Calculate variance for each stratum
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Step 4: Calculate weighted variance for each stratum, then sum
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Where: 

First factor is MWh reported, stratum divided by MWh reported, total

Second factor is the finite population correction factor; MWhN is the MWh reported in stratum n, MWhs is MWh reported for the sample

Third factor is the variance for the stratum

Step 5: Calculate standard error (SE) 
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Step 6: Calculate precision by stratum and total
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Where: 

t is the student t-statistic for the 90% confidence interval and sample size 

MWhverified is average (not total) verified MWh per project

3.6 Determining Persistence of Savings 

Persistence analysis is based on the 37 analyzed projects.  To evaluate the persistence of savings, Nexant used a regression analysis to forecast the change in realization rates over time.  This involved the following steps: 

· Sorting the completed sample projects and their reported and adjusted kWh savings by project completion year

· Determining yearly average realization rates using weighted CL&P reported project kWh savings for each project completed in the same year, as shown in Equation 1.

Equation 1
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Where, 

RRy is the yearly realization rate for all the projects completed in year y

RRi,y  is the realization rate of project i completed in year y
kWh Savingsi,y  is the CL&P reported annual savings for project i completed in year y
m is the total number of analyzed projects that completed in year y

· Generating a regression equation that expresses the realization rate as the function of the years since project completion.  

3.7 Determining Non-Electricity Impact  

During site inspections supplemented with follow-up telephone interviews, Nexant administered a non-electricity impact (NEI) survey to the project representative.  A copy of the survey is included in the Appendix 4.  Respondents were asked to identify the NEIs associated with the project.  They were then provided with an estimate of the annual electricity cost savings attributed to the project (using an assumed $.10/kWh) and were asked to provide their own estimates of the minimum, maximum, and most likely value for annual non-electricity cost savings.  

For each NEI cited, the respondent was asked to estimate the percent value of the NEI relative to the likely electricity savings cost, whether it was positive or negative, and its rank (if no percentage value was provided).  Lastly, respondents were asked whether the overall net NEIs were positive or negative, and to estimate the net annual value of all NEIs.

Section 4:   Evaluation Analysis and Results

This section presents the evaluation analysis and results, including the adjusted annual energy and demand savings, persistence of savings and non-electricity impacts.

4.1 Annual Energy and Demand Savings

Table 10 below lists the 37 projects analyzed by Nexant for the Impact and Persistence Evaluation Study, along with reported and adjusted savings values (annual kWh and kW).  Details about Nexant’s adjustments, if any, can be found in the individual project summary sheets in Appendix 3.  

Table 10: Savings for 34 inspected projects plus 3 closed facilities

Project Number
Stratum
Type
CL&P Annual kWh Savings
Nexant Annual kWh Savings
CL&P kW Savings
Nexant kW Savings

CE02M005
Large
Manufacturing
737,568
677,390
0
0

EA04M002
Large
Manufacturing
384,564
339,874
0
5.22

EA01M013
Large
Manufacturing
371,342
228,080
2.6
14.62

CE04M003
Large
Hospital
370,816
349,196

91

CE02M002
Large
Manufacturing
365,537
297,662

0

CE02M006
Large
Manufacturing
273,145
266,375

28.49

CE04M001
Large
Manufacturing
263,412
277,708

0

WE04M018
Large
Manufacturing
250,441
185,944

0

CE03M002
Large
Manufacturing
201,376
178,672

20.43

CE04M006
Large
Industrial laundry
198,608
63,917

15.3

WE04M013
Large
Manufacturing
183,495
311,923

24.97

WE03M005
Large
Manufacturing
171,237
183,211

0

CE04M008
Large
Printing
159,249
138,865

9.24

CE01M007
Large
Manufacturing
126,501
143,660
0
0

WE02M003
Large
Grocery store
118,145
94,162
0
14.93

EA01M004
Large
Manufacturing
114,583
116,068
0
5.78

WE02M014
Large
Manufacturing
105,583
34,080
0
0

WE04M002(a)
Large
Manufacturing
264,858
0
0
0

CE04M007(a)
Large
Manufacturing
567,920
0
0
0

EA02M010
Small
Manufacturing
94,760
79,389
0
10.57

CE04M004
Small
Manufacturing
91,657
162,783
0
3.33

WE02M004
Small
Manufacturing
85,010
52,501
0
9.86

WE02M011
Small
Manufacturing
65,157
87,361
0
7.56

EA00M020
Small
Office
49,061
39,929
0
0

EA02M007
Small
Manufacturing
45,406
45,406
0
0

EA03M001
Small
Manufacturing
42,661
6,721
0
0

WE02M009
Small
Manufacturing
21,559
12,139
0
0

WE02M016
Small
Grocery store
10,500
7,450
0
0.41

WE01M034
Small
Grocery store
0
18,935
0
0

CE01M018
Small
Grocery store
0
0
0
0

WE01M032
Small
Grocery store
0
46,023
0
0

EA01M009
Small
Grocery store
0
3,063
0
0

EA01M010
Small
Grocery store
0
0
0
0

EA01M012
Small
Grocery store
0
2,211
0
0

WE01M027
Small
Manufacturing
0
20,218
0
0

WE01M019
Small
Grocery store
0
0
0
 0

CE01M028(a)
Small
Manufacturing
0
0
0
0

Total 
      5,734,151 
      4,470,916
2.6
261.71

(a) These facilities are closed and the tenants and/or owners have permanently moved out, as determined through phone interviews, information from Northeast Utilities, and Nexant’s visits to some of the sites.  

Table 11 summarizes kWh realization rates for each stratum.  The total kWh realization rate for all 37 projects is 0.83 with grocery stores included, 0.80 excluding grocery stores. 

Table 11: kWh realization rates by strata

Stratum
Sample Projects 
Reported kWh savings 
Nexant kWh savings, with grocery stores
kWh Realization Rates, with grocery stores
Nexant kWh savings, no grocery stores
kWh Realization Rates, no grocery stores

Large
19
5,228,380 
3,886,787 
0.743 
3,886,787
0.74

Small
18
505,771 
584,129 
1.155 
513,897
1.02

Total
37
5,734,151  
4,470,916 
0.83
4,400,684
0.80

Demand savings are recorded for only 1 site among the 37 in the program database for the sample.  Using the information collected on-site, Nexant calculated the demand savings for all analyzed projects.  The CL&P-reported kW savings and Nexant-developed kW savings for 37 projects are summarized in Table 10.  The total estimated demand savings for the 37 projects is 262 kW.  Realization rates for projects with zero reported savings are undefined, so Nexant does not report realization rates for the demand impact.  Table 12 summarizes kW savings for each stratum.  

Table 12: kW demand savings by strata

Stratum
Sample Projects 
Reported kW savings 
Nexant kW savings
Average Nexant kW savings per project 

Large
19
2.6
230
12.1

Small
18
0.0
32
1.76

Total
37
2.6
262
7.07

4.1.1 Adjusted Program Annual kWh and kW Savings

There are 26 projects in the O&M program’s large stratum, with a total reported kWh savings of 6,764,099 kWh.  By multiplying this kWh savings value by the large stratum realization rate of 74%, the program adjusted kWh saving of 5,028,762 kWh/year for the large stratum is obtained.  Similarly, there are 59 projects, including 20 grocery stores, in the small stratum with a total CL&P-reported kWh savings of 1,781,793 kWh.  By multiplying this kWh savings value by the small stratum realization rate of 115%, the program adjusted kWh savings for the small stratum is obtained (2,057,842 kWh).  Summing the two adjusted energy savings values yields the entire program adjusted energy savings of 7,086,604 kWh/year.  All values are shown in Table 13.

Following the steps described in Section 3.5 and based on the evaluation results of 37 inspected projects, the reporting precision is analyzed and listed in Table 14.  The reporting precision is 
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36% for the large stratum and 
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33% for the small stratum at the 90% confidence interval.  The overall reporting precision is 
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30% at the 90% confidence interval.  

Table 13: Program adjusted kWh savings, including 20 grocery stores

 

Stratum
Projects
Reported Savings (kWh/yr)
Verified Savings (kWh/yr)
Realization Rate
Program Adjusted Savings


population
Sample
population
Sample
Sample
sample 
kWh

Large
26
19
6,764,099
5,228,380
3,886,787
74%
5,028,762

Small
59
18
1,781,793
505,771
584,129
115%
2,057,842

Total
85
37
8,545,892
5,734,151
4,470,916

7,086,604

Table 14: Precision Analysis

 
Count
 
Reported
Verified
Realization Rate
Average Verified

Stratum
N
N
kWh/yr
kWh/yr
%
kWh/yr

Large
26
19
5,228,380
3,886,787
74%
204,568

Small
59
18
505,771
584,129
115%
32,452

Total
85
37
5,734,151
4,470,916

120,836










Variance

Weighted Variance
Standard Error
t Statistic
Precision

Stratum
(kWh/yr)2

kWh/yr
kWh/yr



Large
33,892,407,071

2,336
42,235
1.73
0.36

Small
682,424,540

8
6,157
1.73
0.33

Total
17,268,459,568

2,344
21,604
1.69
0.30

Because CL&P reported kW savings for only 2 of the 37 projects, Nexant was unable to calculate kW realization rates.  Instead, Nexant used the average kW savings of the sample to determine program demand savings.  The method involved determining the kW savings for each project in the sample, determining the average kW/project savings for each stratum, and then multiplying the average kW/project savings for each stratum by the total number of projects in the stratum.  The program kW savings of 419 kW is the sum of the savings for each stratum, as shown in Table 15. 

Table 15: Program adjusted kW savings

 

Stratum
Projects
Average Nexant kW Savings per Project
Program Adjusted kW Savings


Program
Sample
Sample
Program

Large
26
19
12.10
315

Small
59
18
1.76
104

Total
85
37

419

The O&M program included a class of projects involving the installation of energy management systems in 20 grocery stores.  While CL&P expected that facility managers would use the information available from the systems to make informed decisions for scheduling equipment resulting in reduced energy consumption, they chose to report zero savings for these projects.  On going into the field, Nexant found that in fact a few of these projects had resulted in savings.  Because these additional savings have the effect of increasing the program’s realization rate, Nexant compared the grocery store projects to all others and calculated separate adjustment ratios for the two groups.  The adjustment ratio for the non-grocery store projects can be thought of as representing the fundamental performance of the program with the influence of the experimental grocery store projects removed.  Table 16 summarizes the analysis.  Note that this analysis results in a lower adjusted savings than resulted from following the sampling plan using large and small strata.  Table 16 is presented only to demonstrate the effect of the experimental grocery store projects on the program’s realization rate.  

Table 16: Savings by grocery and non-grocery projects 


Number of Projects
kWh savings

Project Type
Program
Sample
Program Reported
Nexant Adjusted
Adjustment Ratio

Non-Grocery
63
28
8,417,247
6,455,501
0.77

Grocery
22
9
128,645
171,844
1.34

Total
85
37
8,545,892
6,627,345
0.78

4.2 Persistence

Following the steps described earlier and Equation 1, the weighted yearly realization rates for all operating facilities but excluding the 20 experimental grocery stores, are listed in Table 17.   

Table 17: Weighted yearly realization rates

Project completion Year
Years since completion
Number of Projects
Yearly Realization Rates

2005
1
1
0.942

2004
2
10
0.656

2003
3
7
0.916

2002
4
8
0.840

2001
5
2
0.708

Table 17 (illustrated graphically in Figure 1) clearly shows that the realization rates decrease with the time since completion.  A linear regression of the realization rates versus the years since project completion generates Equation 2.

Equation 2
RR(t) = -0.0604t + 1.058

Where t is the years since project completion and RR(t) is the realization rate as the function of the years since project completion. 

The R-squared value
 of the regression is 0.80, indicating that Equation 2 is a relatively good approximation of the weighted yearly realization rates listed in Table 17. 

The regression analysis should be used with caution and should not be used beyond the 5-year data set that was used to generate the results.  The results of this persistence study cannot be used to estimate O&M projects lifetime savings.  Following evaluation standard practice, the program realization rate 0.80 (as listed in Table 1) should be used.  To determine project lifetime savings, each project reported savings should be adjusted by the program realization rate and then multiplied by its measure lifetime.     

4.3 Non-Electricity Impacts

While Nexant was able to administer non-electricity impact (NEI) surveys to staff at a portion of the sampled sites, the low response rate, the difficulty in reaching staff with authority to make financial purchase decisions, and the large dollar value of the NEIs as determined by the analysis, strongly suggest that the NEI results be taken as indicators of perceived benefits above and beyond the immediate program goals.  The results should be viewed as qualitative; they should not be used in benefit cost calculations.  

Of the 34 survey respondents, 18 answered the non-electricity impact (NEI) series of questions.  Of these 18 projects, 17 (94%) mention some type of non-electricity impact, most often changes in maintenance costs or labor, which was cited by 83% of respondents (Table 18).  Sixty-one percent mention changes in productivity, 50% cite changes in employee morale, and 39% note changes in safety.  The one respondent who cites an ‘other’ response mentions noise reduction.  

All changes identified by respondents are positive in terms of saving money or labor as opposed to costing more money or requiring more labor or possible other categories.

Table 18: Presence of non-electricity impacts

Non-Electricity Impact
Number of Respondents Citing NEI
Percent of Respondents Citing NEI

Changes in maintenance costs
15
83%

Changes in maintenance labor
15
83%

Changes in productivity
11
61%

Changes in employee morale
9
50%

Changes in safety
7
39%

Changes in the environmental impact of the facility
5
28%

Changes in sales

3
17%

Changes in consumption of other fuels
1
6%

Others 
1
6%

Changes in sick time
0
0%

Changes in consumption of water 
0
0%

Overall
17
94%

Section 5:   program conclusions AND recommendations

Nexant’s evaluation study of CL&P’s O&M Services Program indicates that:

· The O&M program is achieving a kWh realization rate of 80%, excluding the 20 experimental grocery store projects 

· kWh savings persist with a gradual degradation of about 5% per year during the five year period after project completion; performance and persistence beyond the 5th year are unknown

· There is anecdotal evidence, based on comments made by facility mangers during site inspections, that savings persist at least in part because they have adopted preventative maintenance programs, particularly leak detection routines, as a result of participation in the O&M program  

· There are minor discrepancies in the data tracking record, most notably where the record does not match paper inspection records maintained by CL&P 

· Program participants report a number of non-electricity impacts, such as reduced maintenance labor and/or costs, that result in some additional cost savings, with the majority of these due to reduced maintenance costs 

Nexant recommends that CL&P:

· Report summer on-peak demand reduction 

· Establish a data entry quality control procedure to ensure that the correct savings estimates are recorded in program tracking tools

· Improve documentation in the CL&P database especially supplying more explanation for innovative projects like grocery store monitoring systems

· Conduct a multi-year persistence and retention study to conclusively determine the persistence of O&M savings.  A suggested study scope is to revisit every two years for four to six additional years at least a subset of the sample reviewed in this evaluation study, thereby developing realization rates over time.  

� Nexant found that some had in fact achieved a small quantity (approximately 70,000 kWh/year) of savings.  These are included in � REF _Ref151866864 �Table 1�.


� A 3rd closed facility was reported to have 0 savings by CL&P and has no influence on the realization rate calculation.  


� A point on the regression line in � REF _Ref151875102 �Figure 1� represents the weighted average of all realization rates within a single year bin. 


� Program description from RFX-00498-2005, Request for Proposal, Operations and Maintenance Services Program, Impact and Persistence Evaluation, 9/19/05. 


� All O&M program data in this report are based on the file “O&M-all projects.xls”, supplied to Nexant on October 24, 2005 by NU.  The file appears to be an extract from a larger program-tracking database.  A condensed version of this spreadsheet is included in the Appendix 1.  


� The tracking database consolidates projects into 3 program years (2002-2004) and does not include a project completion date.  Using information found in the project files, Nexant was able to more precisely date installation dates for sampled projects, which ranged from 2001-2005.  


� The calculation used to determine sample sizes is n=Z2 x CoV2/ p2, where Z is a constant selected for the desired confidence interval (1.645 for 90%), CoV is the coefficient of variation (standard deviation / mean) assumed for the study (0.5), and p is the desired precision (10%).  The sample size n is adjusted using the finite population correction factor (n*N) / (n+N), where N is the population of elements from which the sample is drawn.  


� The quantity of 33 large projects planned for the sample represents 80% of the sample size of 42 projects.  Since there were only 26 projects total in this stratum, Nexant could only have drawn 26, with the balance of the sample coming from the small stratum.  In the end Nexant was able to get on site for only 19 of the 26 projects in the large stratum.  


� McCulloch, David. Compressed Air and Gas Handbook, Sixth Edition. Cleveland, Ohio: Compressed Air and Gas Institute, 2003.





� Scales, William and David McCulloch. Best Practices for Compressed Air Systems. Compressed Air Challenge, Inc., 2003.


� R-squared is a statistical measure of how well a regression line approximates real data points; an R-squared of 1.0 indicates a perfect fit, while an R-squared of 0.00 indicates no correlation.
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