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PG&E Study ID 323 and SCE Study ID 522
1994 Nonresidential New Construction
Introduction

This verification report covers the study entitled, “Impact Evaluation of Pacific Gas and Electric Company and Southern California Edison 1994 Nonresidential New Construction Programs: PG&E Study ID # 323, SCE Study ID #522”, dated March 1, 1997, (hereafter referred to as the study).  RLW Analytics Inc. (RLW) performed the study.

Overall, the study is reasonably well written and well documented.  A great deal of effort was put into creating a representative sample, and the results appear to be acceptable.  The field data collection and engineering were very detailed and apparently well executed.  There were problems with the methodology used to determine the net-to-gross ratios, however they are within a reasonable range.  This verification has determined that the savings estimates given in the study can be accepted as presented.

Program Studied

The Nonresidential New Construction programs (NRNC) of PG&E and SCE are aimed at increasing the energy efficiency of the commercial building stock.  The program targets buildings in the design phase so that energy efficiency can be incorporated into the design from the very beginning.  Incentives are offered to buildings to increase the efficiency of their envelope, lighting, HVAC, or refrigeration systems above the levels mandated by Title 24.  The study covers projects which were given incentives in the 1994 program year.  Many of these projects were not completed until 1995, so getting at least 9 months of billing data was not possible for many buildings before 1996.  For this reason, the utilities were given a waiver to postpone this study by one year for their second year earnings claim.

The study also evaluated the Refrigerated Warehouse Program.  This program was originally subsumed under the miscellaneous measures category.  This program provides incentives for refrigerated warehouses which incorporate energy conservation measures in improved insulation levels, oversized condensers, higher equipment efficiencies, and other refrigeration plant improvements.  It included only a total of 16 sites, most of which were evaluated with simple engineering calculations.  A few were simulated to determine gross savings.  The net-to-gross ratio for this program was assumed to be 0.75 as allowed by the protocols for miscellaneous measures.

Study Methodology

The methodology for this study followed a relatively standard formula of decision-maker interviews, site audits, DOE-2 modeling, short term metering, billing analysis, and econometric modeling.  All of these steps appear to have been completed following accepted standards and protocols.

The study sample for the NRNC program participants was taken from the utilities’ tracking system and matched to the entries in the FW Dodge new construction database for 1992, 1993, and 1994 permitted projects.  A similar sample of non-participants was drawn from F.W. Dodge with a stratification design similar to the participant group.   The authors used a two-way stratification design across building type and building size.  The sample was designed to capture a representative group of program participants for each utility and a matched sample of nonparticipant buildings.  The nonparticipant group was then divided into "pure" nonparticipants and what was called partial-participants.  The partial participants are those buildings that had some interaction with the program, but for whatever reason did not sign an incentive agreement.  Membership in this group was determined from a decision-maker survey after the sample had been drawn.

Decision-maker interview:

The decision-maker interviews were conducted to evaluate the level to which the utility program impacted the energy conservation decisions of the customers.  This was done for both the participant and nonparticipant populations, and was especially targeted at gaining insight into the partial-participants.  The goal was to determine whether there was a noticeable increase in energy efficiency in those nonparticipant sites which had a significant amount of contact with the program, but for one reason or another did not sign an incentive contract.

On-Site Audits:

The audits were designed to collect all of the data needed to inform a DOE-2 model.  This includes information about the use of the building, size, location, orientation, hours of operation, equipment present, control system, occupancy, and other information affecting energy use of a building.  The audit forms were well-designed, the auditors apparently well-trained, and the study included a number of steps to ensure quality control of the data as entered into the database.

Short Term Metering:

Short term metering was used to gather additional information about energy use in some target buildings which could significantly impact the overall efficiency but could not be determined from a simple on-site audit.  The results of this metering were used to improve the inputs to the DOE-2 models.

Gross Impact Analysis:

Each surveyed site was modeled by DOE-2 under three different scenarios; as-built, Title 24 with the actual occupancy schedules, and Title 24 with standard assumed Title 24 schedules.  Only the first two of these were used to calculate program savings.  Thus for purposes of this study the gross impacts for any site is defined by the difference between the as built conditions and the exact specifications necessary to meet Title 24.  

With the large number of simulations to perform, the study authors devised an automated system for building the models from the audit and metering data.  A sub-sample of 100 buildings was selected, and the results of hand-built models were evaluated against the machine-built models.  The results were fed back into the process to improve the accuracy of the automated process.  Calibration to billing data, when available, was also used to increase the accuracy of the model results.  

Net-to-Gross Analysis:

The calculation of net program impact relied on an econometric model using a combination of conditional demand analysis and a calibrated engineering model.  While this approach was somewhat problematic, yielding some questionable results, it is fully consistent with the protocols and follows accepted standards.

Refrigerated Warehouse Program:

The methodology for the Refrigerated Warehouse Program was a combination of engineering algorithms and computer simulations.  The sample attempted a census of the 16 participants, but they only managed to obtain participation from 11 of these.  Site visits were performed at each of these 11 sites, and relevant data was collected.  The majority of sites were evaluated with standard engineering calculations performed on a spreadsheet.  The more complicated sites used the TRNSYS simulation program.  The baseline was based on an assumed level from the PG&E Advice Filing 1812-G-A/1450-E-A.  The net-to-gross ratio was assumed to be 0.75 as allowed by the protocols for miscellaneous measures.

Summary of Findings

The data collection, engineering simulations, and gross savings calculations of the study are all acceptable as presented.  The net-to-gross analysis has some problems, however the results are reasonable and acceptable as presented.  The following tables summarize the reported findings of the study.

Table 1:  PG&E NRNC Program Savings


Ex-Ante Estimate
Realization Rate
Gross Savings Estimate
NTGR
Net Savings Estimate

Energy (KWH)
75,676,000
1.07
81,350,000
0.84
68,334,000

Demand (KW)
19,200
1.03
19,680
0.72
14,170

Table 2:  SCE NRNC Program Savings


Ex-Ante Estimate
Realization Rate
Gross Savings Estimate
NTGR
Net Savings Estimate

Energy (KWH)
68,979,000
0.98
67,850,000
0.64
43,424,000

Demand (KW)
15,600
0.66
10,270
0.62
6,370

Table 3:  Refrigerated Warehouse Program Savings


Ex-Ante Estimate
Realization Rate
Gross Savings Estimate
NTGR
Net Savings Estimate

Energy (KWH)


1,994,431
0.75
1,495,823

Demand (KW)


2878
0.75
2159

Recommendation to ORA

The results of the study should be accepted as presented.

Data and Documentation Quality

The report is reasonably well documented and the data was in good order.  The data files were supplied on CD-ROM, which made handling quite easy.  The report was relatively well-written and documented, and was supplied with a full complement of relevant appendices.

Analysis

Sample Design

The sample frame employed was composed of those participants who could be matched to entries in the FW Dodge commercial new construction database.  This amounted to 381 (roughly 50%) of the 756 sites in the combined SCE and PG&E tracking databases.  The sample design for the participant sample was sophisticated, complex, and quite large.  It contained over 80% of the 381 sites in the sample frame.  There was a two-way stratification, by building type and “size”, where size was defined by a floor area estimate rather than a claimed savings variable (in order better correspond with the F.W.Dodge database and the non-participant samples). 

Within each building type category, stratum boundaries were set using a model-assisted optimizing procedure that relied on assumptions regarding the error distribution of claimed savings around a linear function of size.  Given the stratifications, sample sizes for each stratum were determined by a complex iterative procedure involving a Neyman allocation across building types followed by a model-assisted optimizing technique across size strata.  Given the sophistication of the sample design and the size of the sample it is quite surprising how badly it performed in practice.  One would have expected much tighter confidence intervals for the final numbers.

Looking for explanations for the poor performance, it is clear that the proxy variable used for savings (Dodge floor area or an estimate thereof) was of poor quality.  Model-assisted sample design procedures can be quite powerful.  However, a vulnerability of model-assisted sample design procedures is that if the model assumptions are incorrect, as these were, the resulting sample design is far from optimal.  It is also clear that the two-way stratification, using building type as well as size as a stratification variable, was costly.  We note that the majority of cells in the sample designs had three or fewer sites; indeed quite a few cells had only one site.  By traditional standards this is a radical sample design.  The presence of one-site cells implies that this is not a “measurable” probability sampling design.  What this means is that it is impossible to come up with a variance estimate from the sample alone; additional model assumptions have to be used.  We think this is dangerous.  It implies that all statements of statistical significance are dependent on a modeling assumption, which cannot really be checked.  Such assumptions are unnecessary in less radical sample designs.

In conclusion, we do not wish to discourage model-assisted sample designs, but we think this design tried to do way too much, and we are suspicious of model-based significance tests.  A preferable sample design would permit design-based, rather than model-based variance estimates. 

The study evaluated the “partial-participant” sample through the use of an econometric model to determine what level of “spillover” effects could be detected when comparing this group to the “pure” nonparticipants.  The study was not able to find statistically valid differences in savings numbers between these groups.  Therefore, no spillover savings have been claimed by the study.  This may be an artifact of the sampling problem but it is equally likely that the “partial participant” model is not appropriate in this sector.

Field Data Collection

The study authors appear to have done a very thorough job of surveying and documenting the sample buildings.  A number of steps were taken to ensure quality control in the handling of the data.  We found no problems with the collection or handling of the field data.

Simulations

The simulations appear to have been carried out correctly and in a manner which adequately addresses potential errors which can evolve from this method of analysis.  The assumptions which are imbedded in the simulation inputs appear to be acceptable.

Gross Impact Evaluation

An engineering estimate of gross savings was calculated for each building as the Title 24 energy use minus the As-built energy use.  These savings were summed for the entire participant sample and extended to the entire participant population by the use of realization rates.  The engineering behind the simulations appears to have been very well done, and we found no problems with this phase of the analysis.

Net Impact Evaluation

The resulting gross program savings represents all energy savings of the as-built participants over a theoretical group of participant buildings built exactly to the Title 24 standards.  It must be understood that this theoretical group of buildings would never exist, with or without utility programs.  In fact, since Title 24 is a minimum standard, we would expect, on average, that buildings would exceed this mandated level of energy efficiency.  What the study refers to as the gross program savings includes all efficiency increases over the code, whether there are incentivized measures or not.  Therefore, to derive an estimate of the actual impact of the program on the energy efficiency of the participant buildings, they must be compared to a matched sample of nonparticipants.  It can be expected that these nonparticipants will also exceed the minimum levels mandated by Title 24.

It is critical that the nonparticipant sample closely matches the participant sample, because the energy efficiency of different types of buildings varies a great deal.  If one sample has a higher percentage of relatively energy intensive buildings, then it will have a higher overall energy use per square foot.  The sampling framework took measures to assure that the samples would be well-matched and representative, however it is not possible to derive a nonparticipant sample which is exactly like the participant sample.  For example, there were no Grocery buildings in the PG&E participant sample, while there were 4 Grocery buildings in the corresponding nonparticipant sample.

The study attempted to take this factor into account in the analysis, but the model was not able to account for this factor very well.  It does seem that the study authors paid a high price for the effort to make the non-participant sample representative of the entire population of new buildings.  Undoubtedly, the sample drawn is representative of the building population of these two service territories (which is most of California).  The problem is that it is not necessarily representative of a population which is comparable to the participant sample.  As a result the comparison between the two groups cannot be direct since energy intensity and savings impacts vary substantially across the various building types.  The Protocols suggest that the use of various econometric variables, survey variables from decision-maker interviews, and engineering variables should be used to discern net effects.  Unfortunately this attempt largely failed, delivering a model in which participation variables were not statistically significant.  We believe that the problem here is with the methodology which tries to ascribe the impacts of engineering decisions to other variables not immediately relevant to those decisions.  

In this study the net-to-gross ratio was calculated by fitting two levels of regression equations to the combined participant and nonparticipant samples.  The first was a discrete choice probit specification to model the program participation decision; the second was an “efficiency choice” multiple regression which included as a regressor the “inverse Mills ratio” calculated from the first regression.  

The work appears to have been done conscientiously and the results are in the “reasonable” range.  Given that the dependent variable in the second regression is the outcome of DOE-2 runs rather than the more often seen billing data, and given that great care was taken to match the participant and nonparticipant samples on both size and building type, it is not surprising that the results are within an acceptable range.  However, we have in general little faith in this methodology.  Both regression specifications were arrived at through trial-and-error, with a great many specifications tried out.  “Insignificant” variables were dropped or combined and so forth.  This sort of kitchen-sink data mining is common practice, of course, but it has the unfortunate side effect of rendering reported significance levels pretty much meaningless.  We are disappointed that the study authors could think of no other use for their high-quality and expensive nonparticipant sample, (DOE-2 runs applied to a sample matched on both size and building type), than feed it into this ineffective multiple regression machinery.

A much more transparent and intuitive method, we believe, would be to directly compare an estimate of the aggregate “efficiency choice” in both sets of data by applying the sample weights derived from the participant sample to both the participant and nonparticipant samples (the “difference of differences” approach).  Otherwise, what is the point of matching the samples on both size stratum counts and building type?  Applying the participant sample weights to the nonparticipant sample data would give a picture of aggregate nonparticipant efficiency choice for an artificial nonparticipant population that resembled the participant population in its distribution across size classes and building types.  At the very least this would be an interesting number to see. 

Disappointments aside, the claimed net-to-gross ratios are reasonable and, in the absence of a methodology that allows a more rigorous engineering comparison, we recommend that they be accepted.

Recommended Changes to Filing Parameters

None.
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