MEMO

To:                       
Don Schultz, CPUC/ORA

From:
David Baylon,  Ecotope, Inc.

Date:
August 19, 1998  

Subject:
Verification for SDG&E Study 1004:  NRNC – Whole Building

REVIEW SUMMARY

1. Utility:  San Diego Gas and Electric Company                        


Study ID: 1004

Program and PY:  Non-Residential New Construction  Program:  PY1996

End Use(s):  Whole Building

2.  Utility Study Title:  “1996 Non-Residential New Construction Program ”

3. Type of Study:  1st Year Load Impact Study                

 Required by Table 8A: Yes; however, the verification data bases were poorly documented and the back files were generally illegible.

4. Applicable Protocols: Tables 5, 6, 7, and C-8

Study Completion:  February 25, 1998 


Required Documentation Received:   Yes, although verification databases were poorly documented and back-up files were generally difficult to read with software resources provided or available. 

Retroactive Waivers:   A retroactive waiver was approved on August 22, 1997 for this project.  It allowed the utility to combine the 1995 and 1996 files to estimate the various coefficients used in the gross and net savings analysis.  Given the complexity of the regression model, the project needed all the degrees of freedom it could get.  Of course, each bill (12 per year) and each hourly load shape were also added to improve the chances of estimating the coefficients.

5. Reported Impact Results
:

Total Annual Gross Load Impacts.

Whole building: peak: 14,076 kW (48.7 kW/building DU; 0.939 gross realization rate).  Energy:  80,758,000 kWh (279,438 kWh/building DU;  0.939 gross realization rate
). 

Total Annual  Net Load Impacts:  

Whole building:  peak: 9,083 kW (31.4 kW/building DU;  0.612 net demand realization rate).  Energy:  55,297,000 kWh (191,339 kWh/building DU;  0.643 net energy realization rate
). 

Net-to-gross ratios:  Peak:  
0.645



    Energy:
0.685

6.  Review Findings:

Conformity with Protocols:  The study is generally in conformity with the protocols as modified by the retroactive waiver. 

Acceptability of Study results: This study was the result of a verification review.

7.  Recommendations:  This study used an SAE model to calibrate the engineering analysis (a building-wide simulation).  Unfortunately, no effort was made to establish an engineering baseline for process end uses, which are the source of 47% of the claimed load impacts.  The effect is to generate a net-to-gross ratio of 1.0 for process load.  The verification review found no basis for this assumption and recommends a default net-to-gross ratio for the process end use of 0.75.  This reduces the program-wide NTGR for energy to 0.597, based on the study ex ante estimates; and the net realization rate to 0.689, based on the filed ex ante estimates.  For demand, the net-to-gross ratio is reduced to 0.566 and the net realization rate is reduced to 0.745 again based on the filed ex ante load impacts.
1. Overview

This verification study evaluates the load impacts of the Non-Residential New Construction Program operated by San Diego Gas and Electric in 1996 as reported by the First Year Load Impact Study.  For the most part, the methodology used in this study parallels the methodology of the SDG&E First Year Load Impact Study.  However, in an effort to improve the estimation procedure used, this verification adds cases to the sample.  The additions are drawn from the PY95 NRNC database.
The basic strategy used to assess load impacts of an incentive program is to draw a representative sample, then apply the results seen in that subgroup to the whole participant group.  The samples for the study and for this verification are stratified in accordance with a Delaneous Hodges approach using a Neyman allocation.  This sampling technique has been employed in the New Construction program, and by the Office of Ratepayer Advocates (ORA) for its verification programs.  It appears that the two samples drawn for the study are well developed.  In addition to the sample of participant buildings, a second sample of non-participant buildings is drawn, which should be matched to the participant sample for both end use and building size. Our review indicates that the participant and non-participant buildings in the sample have been reasonably well matched.

The sample review is based on a detailed engineering methodology applied to both the participant and non-participant groups.  This methodology employs an on-site energy audit, supplemented with a decision-maker interview focused on utility influence in design selection and design modifications.  A full DOE-2 "whole building" simulation is run for the building as built, and compared to a second simulation for the same building if it had been built exactly in accordance with Title 24 requirements.  For participant buildings, the difference between the Title 24 baseline and the as-built simulations are deemed to be the savings, expressed as a ratio.  For non-participant buildings, this ratio represents the difference between Title 24 requirements and standard practice in the San Diego area.

The gross savings is derived from the difference between the DOE-2 run for the Title 24 baseline and the DOE-2 run for the participant sample building, as built.  The net savings is derived from the difference in the DOE-2 run for a current practice building (the non-participant sample) as built, and the DOE-2 run for a participant sample building, as built.

This evaluation is conducted using a variation on the "difference-of-differences" approach, expressed in combination with an SAE model which employs a large-scale multiple regression approach.  One interesting feature of this study is that approximately 35% of the gross savings is realized from process interventions, presumably in newly constructed industrial process lines.  It is not clear how the comparison between processes for participants versus non-participants is derived.  Quite the contrary, the participant and non-participant samples are well-matched in terms of building size and end use, but no effort was made to match processes (nor is it likely that this is possible).

In addition to industrial process loads, gross savings were claimed for other processes not regulated under the Title 24 provisions (such as refrigeration and cooking loads).  This is a typical problem for new construction programs throughout California, although deriving a matched sample for loads such as refrigerated warehouses is noticeably less complex than deriving a matched sample for a particular industrial process in which variations in efficiency, product and production methods would cloud any attempt to characterize energy use.

2. Gross Savings

The gross savings calculations for the building portion of the sample was developed using a database processing system (Site Pro() that develops a DOE-2 input from data collected in on-site audits and other reviews.  This process is extremely detailed, and it appears that the automated input deck used is sufficiently sophisticated to process the inputs from the detailed energy audit.  Operating and equipment scheduling information for the Site-Pro model was collected during the on-site audit.  

The Site-Pro model has some limitations.  The most important is that the underlying DOE-2 simulation is designed to assess the energy impacts of various control, occupancy and HVAC strategies in buildings.  This simulation package has no mechanism for evaluating energy use by building component or building energy loads that are related to particular processes rather than building operation.  For example, domestic hot water used for a specific process is input as a variable which is not simulated or evaluated by DOE-2 itself.

This simulation works well only if the energy used by the internal processes within the building does not dominate the heating and cooling load.  If 80-90% of the energy use of the building is associated with internal processes other than the additional heat, air conditioning, and ventilation requirements brought on by the process itself, the actual output of the simulation is basically an echo of the inputs associated with the process load.

If efficiency measures are applied to this process load, the DOE-2 simulation -- and, by extension, Site Pro -- are totally incapable of evaluating this efficiency except insofar as the inputs provided by the utility's tracking process can be used in the baseline and as-built simulations.

In many of the cases presented, the process loads and related savings exceed the rest of the loads in the building.  The impact is that a detailed engineering review of the process itself, similar to that used in IEEI programs, is required to accurately estimate the true savings.  There are only 21 cases in the database in which process loads are part of the load impacts.  Unfortunately, these cases represent 33% of the total gross kWh claimed.  (Eight of these sites represent 32% of the gross claimed savings).  Given the importance of this load, the lack of a detailed treatment of the engineering assumptions and baseline outside of the simulation is a serious flaw.

A detailed audit was conducted to address the functions and schedules for each site.  From the data collected, however, there is no way to develop a base case except the values developed by the utility in the design and incentive process.  Only the duty cycles and operating hours would be adjusted with on-site data.

The basic gross savings analysis utilizes an SAE model to calculate a realization rate.  The initial step is a simulation of the building with all of the utility-sponsored enhancements, as well as any changes that the design team may have instituted outside of the utility program.  A second simulation run is made which determines the baseline by resetting the components of the building to exactly meet Title 24 requirements.  In this case, the energy use of the base building is determined to be the result of this simulation minus the energy benefits calculated for the enhancements themselves.  

The gross energy savings are calculated as the difference between these two runs.  The SAE regression is then specified as the baseline minus the savings as "right-hand" variables, and the enhanced building actual energy consumption as the dependent variable.  The savings equation is then expanded to include each component of the building's energy use with the now-simulated components added as additional terms.  The coefficients are statistical adjustments to the engineering estimates of the main building end uses, which take the form of heating, cooling, ventilation, lighting and process loads.  It appears that the end use distribution is set by the as-built simulation, and the SAE model is left to assign coefficients which are meant to correct for errors in the initial estimates.

The model itself uses a 25 term regression model which, in turn, represents a composite of about 40 terms.  The total energy use is calculated as the sum of all the base case estimates from Title 24 or the program file, minus all the savings estimates from the Site Pro analysis or from engineering adjustments to the process and related (unsimulated) loads.  For loads regulated by Title 24 (HVAC and lighting), the model acts as a sort of calibration check on the simulations without an engineering calibration step.  Since this process uses the billing data, it is allowed under the Protocols.  However, the implications are that errors in engineering are random and easily discerned from the behavior of the regression coefficients.

While the authors have developed this relatively complex model that allows a direct evaluation of the billing data in the context of a regression analysis, the result is basically a calibration of the engineering evaluation using a statistical method instead of running multiple simulations.  The argument made is that this constitutes a far more robust method of calibration.  This is far from proven within this study, and is unlikely to be correct.  Nonetheless, the net result is a series of coefficients which purport to correct the savings derived from the simulation analysis and to correctly allocate the revised savings to the proper end use measures (lighting, HVAC, refrigeration, and process).

This approach delivers an overall estimated realization rate of about .94.  However, the manner in which SDG&E tracks savings in its New Construction program is by estimating savings for each measure that is installed under the utility's rebate program.  In most cases, this does not reflect the implementation of the program or the process of designing energy efficient measures into new buildings.

The filed ex ante savings claim is 78% of the ex ante claim developed in the evaluation.  The study uses this new estimate to calculate all the gross and net realization rates.  In order to assess the study with respect to the filed claim, the evaluation results should be divided by 0.78.  Thus, the actual realization rate is 1.2.

The filed savings are based on an assumed baseline measure, matched to each utility-sponsored measure.  In a new construction process, this should only be compared to Title 24.  The utility filing might or might not accurately reflect this required baseline.  Therefore, some of the difference between the utility claim and the study's claimed ex ante savings could be the result of participant spillover.  We believe that the case for calculating savings using Title 24 is sufficiently compelling that any spillover that may be buried in this analysis can be accepted.

Gross Savings Calculations (GWh)



End Use
Ex Ante - 

Filed
Ex Ante - 

Engineered
Realization Ratio
Engineering  Realization Ratio
Total Realization Ratio
Revised Realization Ratio

Lighting
12.19
30.86
2.53
1.144
2.890
2.890

HVAC
27.31
21.07
0.77
0.796
0.613
0.613

Process
25.92
31.88
1.23
0.839
1.032
0.939

Refrig.
  2.35
  2.19
0.93
0.879
0.817
0.817

Total
67.85
86.01
1.27
0.990
1.192
1.155

Total

Participants
285
289
0.99




Savings/DU
238,055
297,594
1.25




The above table illustrates the gross savings developed from the original ex ante claim.  The gross savings analysis from the simulation and the SAE model have been accepted (in spite of the potential for undocumented spillover), but adjustments were made to return the process claim to its original size.

We do not believe that any separate engineering was conducted on these processes beyond the on-site audit.  There was no apparent effort to describe productivity or other condition which might reflect the long-term energy use of the process.  While the size of the process loads is carefully evaluated, there appears to have been little effort to establish a standard baseline for these processes that would be comparable to the Title 24 standards used in the rest of the analysis.  Presumably, then, the base case assumptions utilized are those contained in the ex ante estimates provided during the initial file assembly.

The changes in lighting and HVAC loads associated with whole building analysis may well be justified.  However, no case is made for the 23% increase in the process savings claims.  It is true that the gross savings analysis subsequently reduces the claim back to the original estimate, but this is the equivalent of daylight savings time transitions:  an hour off the bottom, and an hour on the top.

Previous verification work done with respect to SDG&E programs has shown that this can be the subject of considerable engineering debate.  There is no evidence within this study that this debate has impacted the methodology used by these consultants, or that these issues were addressed either in their statistical adjustment or in the Site Pro evaluations of the buildings themselves.

Rather than debate the voracity of this procedure, the verification should return the process end use load impacts to the original estimates and apply the realization rates derived from the analysis to this new base.  There is not much basis for selecting a new realization rate in this event, so we have used the average from the regression specification.  This estimate includes the process loads and the adjustments in the savings estimates from the original specification, but replicating the results with the documentation provided has proven very problematic.

3. Net Savings

As mentioned in the overview, the consultant went to considerable trouble to interview the decision-makers involved in the process of designing and constructing the sample buildings.  The reason these surveys were conducted is, apparently, that these types of interviews are always conducted in a utility study of this type.  It is, however, observable that the net-to-gross as presented made little use of the survey results.  It is a fairly straight-forward transformation of the SAE model into a "difference-of-differences" model which compares the characteristics of the participant and non-participant samples with respect to Title 24 requirements and other independent variables (building size, etc.).

Leaving out the complexities of the SAE adjustment, this is a fairly straight-forward effort to correct the differences in characteristics between the participants and non-participants.  As a result of these differences, a net savings estimate is calculated based on estimates of the performance of the non-participant group on the same dimensions as the participant group with assistance from the utility.

For the building loads subject to the SDG&E program, this step is successful and delivers reasonable results, especially for HVAC measures installed in large, multi-zone buildings.  In these cases, SDG&E insists on using a constant volume with reheat system as the base case, which is neither standard practice nor a desirable or cost-effective practice.  It would be extremely surprising if this were the actual base case.  Indeed, when the SAE model examines savings, the overall savings (both net and gross) is about .5.  This suggests that base case assumptions are overoptimistic regarding the savings associated with these technologies.  The fact that the gross and net realization rates capture this effect is encouraging, and, in part, is consistent with adjustments made in First Year Verifications to the same set of assumptions.  

The method breaks down, however, when applied to process loads.  There was no effort in this study to standardize the base case for either the participant or the non-participant group.  The model does not use an efficiency choice specification and steers clear of the decision-maker interview results that address the nature of the decision-making and design selection processes used in the selection of "efficient" manufacturing or other process loads.  Given this, it is not surprising that the model as presented delivers a net-to-gross ratio of 1.  In fact, it is not possible for the model to deliver any other answer, given the base case assumptions and the nature of the comparison group.

This is an unreasonable and inappropriate model for evaluating the process loads.  Since almost 50% of the net savings are derived from the process loads, this is a serious problem.  This is not a building-based program.  Neither Site Pro nor DOE-2 is capable of modeling or analyzing the savings claim for this end use.  The net-to-gross analysis presented is almost certainly ignoring the actual production increment brought on by the new facilities, so is not establishing a defensible base case for these facilities either as a part of the SAE adjustment or as part of the net-to-gross analysis.

When industrial processes are carefully reviewed in the IEEI programs for other California utilities, the net-to-gross ratio is typically near .5.  On the other hand, the SDG&E IEEI analysis (Study 995) asserted a net realization rate of about .84 related to process impacts.  (This was adjusted during the verification review to .375).  This is largely because decisions on production increments are not usually based on utility incentives.  In fact, utility incentives are often not influential in the final efficiency calculations.  Thus, industrial applications tend to be classic "free riders".  No free rider evaluation could be inferred from the model as presented.

4. Conclusions & Recommendations

The Site Pro and the SAE adjustment for the buildings and remodels conducted for the SDG&E Non-Residential New Construction program appears to provide a good estimate of the effects of the installed measures.  The model and techniques applied have corrected for difficulties in the SDG&E tracking system, which tend toward arbitrary base cases which are not appropriate to a Title 24-based new construction program.

The non-participant group and the careful engineering and simulation analysis, in addition to the SAE model, seems to have delivered reasonable results and provided reasonable (if somewhat arbitrary) divisions between various end uses employed in the buildings.

This building model, however, completely falls apart in the case of process loads.  For process loads, the base case is not well established; production increments and associated baselines are not even reviewed, let alone established; and questions regarding plant expansion and related decision-making processes were not asked.

The nature of this study design is appropriate to evaluating energy efficient measures into new non-residential building design.  It is inappropriate to evaluating the industrial processes conducted within these buildings.  Process measures should be evaluated under an industrial shared savings program.



Claimed Load Impacts

Gross Savings Claim Results

End Use
Claimed Ex Ante1
Evaluation Ex Post
Realization Rate
Net-To-Gross Ratio

Lighting
30.855
35.292
1.144
0.4548

HVAC
21.073
16.764
0.796
0.6509

Refrigeration
  2.194
  1.928
0.879
0.8054

Process
31.803
26.774
0.839
1.0000

Total
86.005
80.758
0.939
0.6847

1  This is the ex ante claim developed by the study -- not the first year claim from the 1996 filing.

A net-to-gross ratio of .75 would be much more appropriate for process loads than the net-to-gross ratio of 1 used in this study.  We believe this is fairly generous for these industrial applications; however, this adjustment at least makes some correction for the fact that an inappropriate methodology was used in the study calculations.  The following tables present the results of this verification.

Demand savings could not be adjusted for the ex ante re-calculation because the details of the utility ex ante demand savings by end use were not included in the documentation.  The same overall adjustment to the M&E results developed for the kWh savings for the process end use was used for the demand adjustments.  The remaining results of the evaluation have not been adjusted.
Verification Results - Energy

(GWh)

Measure
Ex Post Gross Savings
Verification Adjustment
Verification Ex Post-Net

Lighting
35.292
.4548
16.058

HVAC
16.764
.6509
10.913

Refrigeration
1.928
.8054
1.552

Process
24.339
.7500
18.254

Total
78.360
.5970
46.777

Verification Results - Demand

(MW)

Measure
Ex Post Gross Savings
Verification Net-to-Gross Ratio
Verification Ex Post-Net

Lighting
  6.83
0.4548
3.11

HVAC
  3.51
0.6509
2.28

Refrigeration
  0.23
0.8054
0.18

Process
  3.51
0.6818
2.39

Total
14.07
0.5660
7.96

It is interesting to note that the decision-maker questionnaire was designed to address questions regarding utility influence and design intent.  However, for process loads, the net savings model includes none of these variables (except the mills ratio, which is generated from questions that are unrelated to utility influence).  The string of regression equations is sufficiently convoluted to make the logic fairly inscrutable.  In the end, this is not a net savings analysis unless the participant and non-participant groups are well matched and compared to a common standard, as in the difference-of-differences approach.

The net-to-gross ratio assumes that the relations between predicted and actual energy use will explain the motivation of the industrial facility.  Since this assumption depends on the behavior of the non-participants, the chances are quite high that the match is not sufficient to compare and that any relationship with any t-statistic is spurious.  Energy use in industrial facilities is dependent on many factors other than schedule, occupancy, and climate.  Unlike commercial buildings, the conditioning and energy use of the building are dependent on the process use.  Thus, it is not predicted by any of the SAE methods which are (in this case) combined with more conventional building types to yield a net-to-gross ratio of 1.0.  
A default net-to-gross ratio from miscellaneous measures is at least defensible even if the methodology presented provides no real basis for recalculating the net-to-gross ratio.  We have reduced the net-to-gross ratio to .75 for the process end use only.  This has the effect of reducing the net realization rate to 0.629 from 0.839.

5. E-Table Adjustments

The table below summarizes and compares the results of this verification to various E-Tables used for this end use claim.  
1. The ex ante value is based on the 1997 Annual Earning Assessment Proceeding, dated October 29, 1997, which represents an agreement between the utility and the Office of Ratepayer Advocates (ORA) following the first year verification.  

2. The filed results used for this verification were filed as part of the May 1 filing and represent the utility's interpretation of, and accommodation to, the results of the 1004 study first year verification.

3. The verification savings are based on the results of this review and constitute our recommended adjustments to the E-Table claim.  
4. The ratios express the difference between the original ex ante filing and the verified results, with the total representing the full net realization rate based on the original gross ex ante filing.

Verification Results - Including Reviewer Adjustments


MWh
MW


DU 
Total
MWh/DU
NTGR
Total
MW/DU
NTGR

Ex Ante:

  Gross

  Net
285
67,845

55,632
238

195
.820


10.69

  8.87
37.5

31.1
.830

Filed:

  Gross

  Net
285
79,640

54,951
279

193
.69
13.88

  9.02
48.71

31.66
.65

Verified:

  Gross

  Net
289
78,360

46,777
279

161
.597
14.07

  7.96
48.7

27.6
.566

Ratio:

  Gross

  Net
1.014
1.155

  .840
1.172

  .826
.728
1.316

  .897
1.300

  .887
.682

  Total:

  .689
  .676

  .744
  .736


�  	The utility did not file an evaluation of the therm savings from this project.  All therm savings are claimed under the miscellaneous measures end use which represents 14% of the net benefits.  In general, the therm savings are inextricably linked to the rest of the whole building analysis, although those results are not reported.


� 	The gross realization rate in this study was calculated based on a re-interpretation in which the cases used "are not directly comparable" to the original load impact filed in the First Year Claim.  If that claim is used as a base case, the gross realization rate is 1.190 for energy and 1.316 for peak demand.  This is the result of the savings calculated from a Title 24 baseline instead of a measure deemed acceptable as a base case.


� 	The net realization rate from the 1996 filing is actually 0.849 for peak demand and 0.815 for energy.  These are quite close to the original filing of 0.83 for demand and 0.82 for energy. 
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