MEMO

To:
Don Schultz, CPUC/ORA

From:
David Baylon and Jonathan Heller, Ecotope Inc. & Kevin Geraghty

Date:
July 22, 1997

Subject:
Review Memo for SDG&E Study #962:  Industrial Sector

REVIEW SUMMARY:

1. Utility:  San Diego Gas and Electric                        


Study ID: 962 Program and PY:  Industrial Energy Efficiency Incentives Program;  PY95
     End Use(s):  Lighting, Process, and Motors.

2. Utility Study Title:  “1995 Industrial Energy Efficiency Incentives Program:  First Year Load 
Impact Evaluation.”

3. Type of Study:  1st Year Gross and Net Energy Savings Study          


Required by Table 8A: Yes.

4. Applicable Protocols: Tables 5, 6, 7 and C-5 





  Study Completion: February, 1997





         Required Documentation Received: The study, supporting paper files, and data files were received.  Errors were found in the response to Table 6 of the protocols in Appendix C of the study.  An updated version of the tables was received upon request.

5.  Reported Impact Results:

Total Gross Impacts:  

Lighting:  
kw:
 .15 kW/DU (gross realization rate: .41
) 



     kwh:
 .31 kwh/DU
 (gross realization rate: .78
)

Process:  
kw:
1169 kW (gross realization rate: 0.606)



     kwh:
10,155,116 kwh (gross realization rate: 1.013)


    therms:
53,449 therms (gross realization rate: 1.413)

Motors:  
kw:
31.34 kW (gross realization rate: 1.098)



     kwh:
169,323 kwh (gross realization rate: 1.013)

Average Net Impacts:

Lighting:  
kw:
4.92 kw (net-to-gross ratio: 0.89)




     kwh:
41,163 kwh (net-to-gross ratio: 0.89)

Process:  
kw:
1052 kw (net-to-gross ratio: 0.90)




     kwh:
8,631,848 kwh (net-to-gross ratio: 0.85)



 therms:
32,069 therms (net-to-gross ratio: 0.60)

Motors:  
kw:
0.18 kw (net-to-gross ratio: 0.275)




     kwh:
1016 kwh (net-to-gross ratio: 0.288)

6.  Review Findings:
(a)  Conformity with Protocols:  The study is in conformity with the protocols for the process and motors end uses.  In the lighting end use, the method of applying the results of the load impact analysis seems to be inconsistent with the protocols and extremely difficult to trace to the original savings claim.

(b)  Acceptability of  Study results:
Lighting:  The reported impact study results are highly sensitive to essentially arbitrary data exclusion decisions.  Appropriate changes in these data exclusion rules result in negative gross savings.  The net-to-gross ratio (NTGR) is taken from unverified results from the commercial sector study. 

Process:  The data analysis to calculate realization rates is generally acceptable.  The exception is the calculation of demand impacts, and the minor revisions detailed below.  The net-to-gross ratio calculation is unacceptable and has been recalculated.  The revised calculation is shown in the Summary Results section.

Motors:  The motor analysis is acceptable as presented in the study.

7.  Recommendations:
Lighting:  Gross savings and realization rates should be set to zero.  Gross savings and realization rates are almost certainly positive, but this load impact study does not provide the information necessary for a credible calculation.

Process:  The realization rates should be adjusted to correctly account for average demand savings during peak periods.  The NTGR should be adjusted to eliminate projects that were required by code or should be considered routine maintenance, and projects that would have been implemented by the customer even without the existence of the incentive.  These adjustments and calculations are detailed in the Summary Results section.

Motors:  The results of the motor program should be accepted as presented by the study.

OVERVIEW:

The study uses a different methodology to evaluate each end use.  Therefore this report shall treat each end use separately.

· Lighting:  The lighting realization rates were based on a load impact regression analysis which yielded questionable results.  The average NTGR for the industrial lighting program was assumed to be the same as for the commercial lighting program.  No data was provided to justify this assumption, which is unlikely to be correct. 

· Process:  The realization rates should be adjusted to correctly account for average demand savings during peak periods.  The NTGR should be adjusted to eliminate projects that were required by code, or should be considered routine maintenance, and projects that would have been implemented by the customer even without the existence of the incentive.  These adjustments and calculations are shown in the Summary Results section.

· Motors:  The results of the evaluation of impacts from the motors end use is acceptable as reported in the study.

1 REPORTED IMPACTS

The tables below detail the total program impacts as reported in the study.  

Lighting End-Use


SDG&E Gross Savings
Evaluation Gross Savings
Gross Realization Rate
Net-to-Gross Ratio
Evaluation Net Savings

KW
667
274
.41
.83
227

KWh
2,655,765
2,058,218
.78
.84
1,728,903

Process-Use


SDG&E Gross Savings
Evaluation Gross Savings
Gross Realization Rate
Net-to-Gross Ratio
Evaluation Net Savings

KW
1,929
1,169
0.606
0.900
1,052

KWh
10,024,794
10,155,116
1.013
0.850
8,631,848

Therms
37,827
53,449
1.413
0.600
32,069

Motors End-Use


SDG&E Gross Savings
Evaluation Gross Savings
Gross Realization Rate
Net-to-Gross Ratio
Evaluation Net Savings

KW
38.66
42.45
1.10
0.275
11.68

KWh
221,110
223,987
1.01
0.288
64,537

2 SUMMARY RECOMMENDATIONS:

The following tables summarize the load impacts as adjusted by this review verification.  These load impacts should be adopted for the second year earnings claim for the PG&E IEEI PY95 program, based on the review of the study results.  The load impacts shown in the tables are for first year annual values, to be used in the second earnings claim for the E-Tables.

Lighting End-Use


SDG&E Gross Load Impacts
Verification Gross Load Impacts
Verification Realization Rate
Verification NTGR
Verification Net Load Impacts

KW
274
0
0
0
0

KWh
2,058,218
0
0
0
0

Process End-Use


SDG&E Gross Load Impacts
Verification Gross Load Impacts
Verification Realization Rate
Verification NTGR
Verification Net Load Impacts

KW
1,929
1,171
0.607
0.703
830

KWh
10,024,794
9,163,740
0.914
0.732
6,712,255

Therms
37,827
53,449
1.413
0.112
5,965

Motors End-Use


SDG&E Gross Load Impacts
Verification Gross Load Impacts
Verification Realization Rate
Verification NTGR
Verification Net Load Impacts

KW
38.66
42.45
1.10
0.275
11.68

KWh
221,110
223,987
1.01
0.288
64,537

PROCESS:

The contractor appears to have followed all applicable protocols and performed relatively detailed and accurate engineering reviews of the process project sites.  This reviewer has confidence in the majority of the data as presented by the contractor.  However, we found the following errors in the evaluation of ex post savings:

1. The contractor underestimated many of the demand savings by basing savings on peak demand only.  Savings should be based on average demand during the utility’s peak period if we assume a truly diversified load.

2. At site #13893 there was a process change; however, the contractor failed to account for standby losses of the new process, and assumed the heat loss to only take place during operating hours of the plant.  This overestimated savings.

3. For site #17504, which was recorded as having some of the largest savings in the program, all savings calculations were based on an ex ante estimate of what could be achieved by a program of leak reduction.  The site visit was unable to collect any data which justified the savings claims.  Furthermore, the measures taken at this site should fall under the realm of basic plant maintenance.  There is no need to include this type of efficiency improvement in an incentive program.  The savings for this project site should be eliminated.

Demand Impacts

The demand impacts of the process measures were inconsistently calculated.  In some cases, impacts were calculated on the basis of the change in peak energy demand at any time, and in other cases impacts were based on the change in average demand during the utility’s peak period.

For example, in case #7259, a 50 hp compressor was replaced with a 30 hp compressor.  Instead of removing the 50 hp compressor altogether, it was retained and the compressors are run on a rotating basis.  The study found that the average reduction in kW demand coincident with the system peak is 3.95 kW using metered data installed by the evaluation contractor.  However,  the study asserts that since the old compressor is still run part of the time, the peak demand is unchanged and there are no demand impacts from this measure.

On the other hand, in case #17476, two 200 hp pumps operated continuously in the base case.  The conservation measure allowed one pump to be run 75% of the time, with both pumps running the other 25% of the time.  From the perspective of the customer, since both pumps still run, there is no decrease in the peak demand of this site.  However, the study reported a savings of 42.1 kW, based on the average demand reduction since the utility will see a demand reduction on its coincident load in its peak demand period.

This illustrates the need to choose a method of calculating demand impacts and use it consistently across all projects.  The impact of demand reductions on a particular customer’s electric bill is governed by the peak demand during the customer’s peak  billing period.  However, if we assume that the utility has a truly diversified load during the peak period, then the primary impact to the utility is the reduction in the average demand during that peak period.  In calculating overall program impacts of energy conservation measures, we are more interested in the impacts on the utility than the impacts on any particular customer’s bills.  Therefore, demand impacts should be calculated based on average demand reductions.

Most of the demand impacts in the study were calculated based on the customer’s peak demand reductions.  We have therefore recalculated these impacts based on the customer’s average reductions in demand coincident with the system peak.  In most cases, the study has underestimated the demand savings because of this error.

Case #13893

In this process measure, the cleaning process for electronic components was changed from one requiring 114kW of continuous electric power to a process requiring only that tanks be maintained at 150 oF.  The new tanks are such that only 23.8 kW are required to make up the heat loss.  The study assumed that this heat loss would only need to be made up during the hours of operation of the plant.  However, this neglects all standby losses associated with the off-hours of the plant.  If the tanks are turned off when the plant is closed, then they will cool off and have to be reheated for the next day.  If they are to be at the proper temperature when the plant opens, then they will have to be turned on earlier, extending the hours of operation of the heaters.  

Depending on the volume of the tanks, the required warm-up energy could be quite large.  Since we do not have any information that indicates that the tanks are turned off during the off-hours of the plant, and no information on the volume of the tanks, we must assume that the tanks are kept at 150 oF permanently.  This reduces the energy impact estimate from 454,523 kWh/year to 297,996 kWh/year for this project.

Case #17504

This project involved reducing leakage from a large compressed air system.  System air leakage was measured ex ante and found to be 685 cubic feet per minute (cfm) from line leakage and 56 cfm from inefficient moisture trap operation.  The project consisted of repairing leaks in the lines and replacing the moisture traps.  Both ex ante and ex post impact calculations were based on an ex ante estimate of what could be accomplished with this type of leak repair program, and the assumption that the new traps do not leak at all.  However, there is no data to determine how much the leakage had actually been reduced.  The site verification was only able to determine that leak abatement repairs had been undertaken, the traps had been replaced, and that the system was still leaking.  We therefore have no data to support the impact estimates.

As noted by the site reviewer in the paper file for this project, the leak abatement part of this project should really be considered plant maintenance.  There is little basis for the utility to claim responsibility for maintenance issues, or to include maintenance measures in an incentive program.  Furthermore, the savings from the leak abatement will only be attained if the customer maintains a consistent and aggressive program of leak detection and repair.  Without continual maintenance, the savings from the leak abatement will quickly disappear.  For these reasons, the program impacts for the leak abatement portion of this project should be set to zero.

If we assume that the moisture trap replacement did indeed remove all 56 cfm of leakage associated with that part of the system, then this project can still be assumed to have some energy impacts.  (However there is no actual field data to support this.)  The kW impact should be reduced from 110.1 kW to 14.18 kW, and the kWh impact should be reduced from 958,203 kWh to 123,357 kWh.

NTGR

Errors and discrepancies were found in the paper files dealing with the calculations of the net-to-gross ratios.  The study methodology first categorized the utility’s involvement in the project as high, medium, or low.  Next, on the basis of interviews, a determination was made regarding whether the incentive influenced the decision to install the measure.  Finally, the NTGR was allocated based on the length of the payback of the measure without the incentive.  The rules used in the study to allocate NTGR are summarized in the table below.

Level of SDG&E Involvement
NTGR

High
                                                                   1.00

Medium
If Incentive Influenced Decision:

If payback w/o incentive > 2.0 years:        1.00
If payback w/o incentive is 0.5-2 years:     0.75

If payback w/o incentive < 0.5 years:         0.40
If Incentive did not Influence Decision:

If payback w/o incentive > 0.5 years:          0.50
If payback w/o incentive < 0.5 years:          0.40

Low
If Incentive Influenced Decision:             0.40

If Incentive did not Influence Decision:  0.00

This is an adaptation of a method for allocating NTGR that is described in the California PUC protocols.
  This method is allowable for predicting NTGR for samples which are less than 50% of the total program savings.  The process end use in this program represents over 80% of the total ex ante program savings.

The NTGRs reported in the study for four of the projects did not follow the rules for assigning NTGR as set out in the study:

· Project #13983 was listed as having a “Low” level of involvement by SDG&E and yet was given a NTGR of 1.0.  According to their own criteria (shown in the table above), this project should have a NTGR of 0.4 or zero.

· Project #14152 was listed as having a “Medium” level of involvement by SDG&E, and a payback period of 0.75 years.  According to the rules set out in the study, this should have a NTGR of 0.75.  However, it was assigned a NTGR of 0.5 in the study.

· Projects #14270 and #14352 were both listed as having a “Medium” level of involvement, but they were assigned a NTGR of zero.  According to the criteria of the study, these projects should have been given a NTGR of 0.4.

This represents an inconsistently applied methodology for determining NTGR.  Furthermore, the NTGR reported in the study often conflicts with the NTGR that is listed in the paper file for each project.

· There are a number of examples that suggest that this methodology for assigning NTGR is inadequate.  For projects #13976A, B and C, the study assigned NTGRs of 0.75.  However, the paper file noted a NTGR of 0.5 and stated that, “it is likely that the measures would have been done in any case”, indicating that the program had a low level of influence on the decision to install the measures.

· In project #14152, it is appears that the primary involvement of SDG&E was to help the customer fill out the rebate application, and yet it was assigned a NTGR of 0.5.

· Project #14115 entails improvements that brought the installation only up to the level required by code, and yet it was assigned a NTGR of 1.0.

· Notes in the paper file for project #17476 indicate that this project, “probably would have been done without the rebate”, and recommended a NTGR of 0.5.  This project was also given a NTGR of 1.0 in the study.

For these reasons, we have recalculated the NTGR for each process site.  We evaluated the information and NTGR documented in the paper files, and compared that with the NTGR assigned in the study.  We also took into account measures that were required by code, measures that would have been done anyway, and measures where it appeared that SDG&E had little influence in the decision of the customer.  The following table shows the NTGR assigned by the study, the NTGR found in the paper file, and the NTGR that was assigned by this verification.  Note that the paper files did not always contain an estimate of NTGR.

Project ID #
Study NTGR
File NTGR
Verification NTGR

7259
0

0

13671
1
0.5
1

13792A
1
0.35
0.35

13792B
1
0.35
0.35

13893
0.75
0.35
0.35

13968
1

1

13976A
0.75
0.5
0

13976B
0.75
0.5
0

13976C
0.75
0.5
0

13983
1
0.4
0.4

14082
0

0

14092
1

1

14093
0.4
1
0.4

14115
1
0.2
0

14116
1

1

14127
1

1

14139
1
0.85
0.85

14144
1
1
1

14148A
1

1

14148B
1

1

14152
0.5

0

14188
0.4

0.4

14270
0

0

14352
0

0

17144
0
0.5
0

17476
1
0.5
0.5

17504
1
0.4
0.4

18012
1

1

3 Motors:

The evaluation of the motor program used a very straightforward methodology to determine realization rates and NTGR, and the results are acceptable as published.  The sample was drawn in accordance with the protocols.  There were only 81 participants in the motor program; 48 participants were surveyed.  These 48 sites represented more than 70% of the energy and demand savings of the overall program.

Simple engineering calculations were used to determine the realization rates.  If the motor was a retrofit, then the old motor was used as the baseline.  If the motor was for a new application, replacement of a burned out motor, or where the old motor was unknown, baseline motor efficiency was assumed to be the “typical” motor that would be purchased over the counter.  This typical motor was derived from the MotorMaster+ database (Washington State Energy Office, 1996).

To determine NTGR, the customers were interviewed about their decision to purchase the energy efficient motor.  If they answered that their policy is always to buy energy efficient motors, then the NTGR was assumed to be 0.  If they indicated that the incentive caused them to buy the efficient motor, then the NTGR was assumed to be 1.  This is a rather simplistic and yet effective method for estimating NTGR.

4 LIGHTING:

Documentation

The load impact regression study used as the principal basis for the industrial indoor lighting claims is fairly well documented.  Sources of sample attrition in the study and the load impact regressions are clearly laid out.  The SAS programs and data sets provided appear complete and match the numbers reported in the study.


Methodology

The method chosen was to execute separate load impact regressions at each participant site, and 

aggregate the savings estimates produced by each regression.  This is a relatively simple, transparent, and defensible methodology.  The regression specifications involved several variable transformations.  It is unclear that any benefit is gained by these transformations, and they certainly complicate the models.  No regression diagnostics are reported for the individual regressions executed.  We would be surprised if many of the regressions did not have severe autocorrelation problems, since they are time series regressions applied to individual sites.


None of these objections are significant, given that the load impact regression results were fairly erratic, and had to be pruned to provide results within a reasonable range.  In short, the evaluation method failed.  Engineering analysis would have been safer and more accurate. 

Data exclusion problems 

The study conclusions are highly sensitive to a series of site exclusions performed.  Some reasons for exclusion are defensible, or, indeed, required by protocols.  There were 53 distinct site numbers (representing slightly fewer participants) in the original analysis data set.  This was a census of the participant sites for the year that did not also participate in the Non-Residential New Construction (NRNC) program.  Of these, 47 survived a screen for 12 months of pre-installation and 9 months of post-installation data (a protocol requirement for load impact studies).

Of the remaining 47 participant sites, 13 were excluded for more questionable reasons.  Nine were excluded because the ex ante savings estimates of the measures installed was less than 1% of “normalized energy consumption” (this term is never defined in the study).  Four sites were excluded because the ratio of the root mean square error (RMSE) of the regression to their estimated regression intercept terms was greater than 15%.  We do not believe that the ratio of RMSE to intercept term magnitude is useful as a regression diagnostic or a goodness-of-fit measure; it seems more like an ad-hoc screen to get rid of regression results that were out of line with what was wanted or expected. 

While a truly random or stratified random sample of 31 of the 56 sites available for review could be expected to yield results that could be extrapolate to all of the sites, the set of 31 chosen for the study results was in no way randomly selected.  The excluded sites differed in important and systematic ways from the sites retained.  The exclusions turn out to have an important (upward) effect on calculated savings.  When the excluded sites are restored, total ex-post gross savings for the 47 sites is negative.  Details are provided in the following table. 

Study Data Filter
Alternative

56 Participants

-6 Insufficient billing data
56 Participants

-6 Insufficient billing data

=50-3 Also NRNC Participants (twenty-some had already been excluded for this reason)
=50-3 Also NRNC Participants (twenty-some had already been excluded for this  reason)

=47-13 Ex Ante Savings < 1% of “normalized” consumption and/or  fails RMSE screen 


=34-3 No Lighting Square foot data


=31-1 No ex ante savings estimates(that we could find)


=47-1 No ex ante savings estimates (that we could find) 

=30
=46

 

Total Kwh Savings(ex ante): 1,287,992

Total Kwh Savings(ex post): 1,381,403

Realization rate: 1.07

Savings per site(ex post):46,046

Average square footage:36,013
Total Kwh Savings(ex ante):1,468,886

Total Kwh Savings(ex post): (631822)

Realization rate:-0.43

Savings per site(ex post): (-13,735)

Average square footage:36,169

DU calculations 

The DU calculations in the study were not performed correctly to derive a verified savings-per-DU.  The study authors calculated total DU’s by aggregating lighting square footage across sites, aggregating annual hours of operation across sites, and then multiplying the two aggregates together.  The proper methodology would have been to aggregate the individual site products of hours of operation and lighted square feet across all the sites.  The authors also included in their DU calculations more than twenty sites that were also NRNC participants and were counted as part of those programs.

In calculating total resource benefits, the authors calculated a savings per DU number by summing savings from all sites which had survived the regression screens described above (34) that also had lighted square footage numbers in the utility tracking data base.  This reduced the total of sites used to 31.  The ratio of aggregated savings to aggregated DU’s (incorrectly calculated, as noted above) in this selected group of 31 was then taken to be the savings per DU.  DU’s were then calculated for the entire program population (incorrectly including over twenty sites that belonged in NRNC).  While we were not able to calculate the exact impact on the DU of these sites, we estimate that they represent approximately 25% of the DU claim, and have been double-counted in the NRNC evaluation. 

Aside from the mistakes noted, we think this is a bad way to go from study results to E-table numbers.  A better method would be to calculate a gross realization rate and estimate total ex-post savings by multiplying total ex-ante savings for all sites in the program by this realization rate.  Total DU’s for all sites can also be calculated; savings-per DU is just the ratio of total ex-post savings to total DU’s.  Using this method, errors in DU’s do not affect earnings claims, since in effect DU’s cancel out of the final calculation.  In the procedure used for this study, they do not.  This is important in the context of the present study because the DU data (hours of operation per 1000 lighted square feet) seem to be of poor quality, and frequently are missing. What really matters is total program savings.  An effect of the authors’ method is to drop sites without lighted square footage data , even if they have ex-post savings estimates.  

Recommendations

The load impact study of the Industrial lighting component of SDG&E’s IEEI program seems from the data presented to have achieved no savings as identified by the results of the regression analysis.  We therefore recommend that the earnings claims for this end use be set to zero.  Using the criteria for determining documented load impacts included in the Final Opinion on the 1996 Annual Earnings Assessment Proceeding A.96-12-079,  et al, we reached the following conclusions (per Page 58, #15):

1. The claim that the load impact study applied to the IEEI lighting end use “carefully follows the protocols” is not completely accurate.  Rather, this methodology provided more of an approximate nod to the intent of the protocols.

2. The study authors did not meet the required “strong research effort”.  The study presented a fairly cursory effort that did not even attempt to gather information on the program participants beyond the tracking system and the electric bills.

3. The utility has not made a convincing or defensible argument for the nature of the findings or the alternatives that might be available for reassessing the load impacts of this end use.

� 	The realization rate for capacity savings are reported in the study as a derivation using the ex ante designated unit of measurement (DU) and an undocumented on-peak adjustment of 0.956


�  	The DU used in the E-Tables are the same as the ex ante filing even though the report eliminates 21 cases and includes them in the evaluation of the NRNC program.


� 	The reported realization rate in the study is 1.08; however, the rate reported here is the actual ratio between the ex ante and the ex post gross load impacts.


� 	California Public Utilities Commission Decision 93-05-063.  Revised February 1996.  Protocols and Procedures for the Verification of Costs, Benefits, and Shareholder Earnings from Demand-Side Management Programs.  
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