MEMO

	To:
	Scott Logan; ORA

	From:
	Mike Kennedy and David Baylon; Ecotope Inc.

	Date:
	August 21, 2000

	Subject:
	Verification Review Memo for PG&E Study 400:  NRNC


1. REVIEW SUMMARY

2. Utility:  Pacific Gas and Electric Company


Study ID: 400

Program and PY:  Pre-1998 Non-Residential New Construction

3. End Use(s):  Indoor Lighting End-Use, Motors, HVAC, Refrigeration, Process

4. Utility Study Title:  “Pre-1998 Non-Residential New Construction Impact Evaluation Carryover”

5. Type of Study:  2nd Year Load Impact Study;
 Required by Table 8A: Yes

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

7. Study Completion:  March 1, 2000
Required Documentation Received:   Partially. Supplied statistically application did not function.  Documentation of data fields is incomplete.  Numbers from data files are not in complete agreement with result tables in report.
8. Retroactive Waivers:  Sample rather than census, minimum 9 months billing data or short-term metering

9. Reported Impact Results: 

From Report

	
	Ex Ante Gross
	Ex Post Gross
	Gross Realization Rate
	Net To Gross Ratio
	Net Savings
	Net Realization

	MW
	       25.22 
	         20.78 
	       0.824 
	       0.367
	         7.63 
	       0.303 

	MWh
	      91,6583 
	      135,543 
	       1.479 
	       0.414 
	      56,157 
	       0.4732 


1 Numbers taken from report not filing.  Report has discrepancies between total ex ante gross savings and values for commercial and industrial projects.  Also the kWh savings net realization rate appears to be incorrectly calculated.  

2 kWh savings net realization rate inconsistently calculated in results table:  CADMAC Protocols Table 6 in appendix calculates a net realization of 0.613.  Table 68 of  the report indicates 0.473.

10. 3 Ex Ante Gross kWh savings in tables 34 and 56 sum to 93039mWh rather than reported 91,658, and 20.94mW rather than 20.78.  The supplied data files produce an Ex ante gross kWh savings of 92,793kWh when combined with table 56, and a Ex Post gross kW savings of 21.19mW.  These later discrepancies are perplexing but have rather insignificant impacts.

(a) Verification Findings: 

(b) Conformity with Protocols:  The study is in general conformity with the Protocols. 

(c) Acceptability of Study results:  The gross savings calculations for individual sites are adjusted in this review using the information presented in the Study.  There were some problems associated with calibration of DOE2 model predictions with consumption data and with individual models.  Some of the net savings results are not acceptable due to sampling issues, particularily in the selection of the non-participant comparison group, and the inclusion of refrigerated warehouses in the participant sample.  The net-to-gross analysis suffers from additional errors made during the analysis of individual sites. Corrections to the analysis performed on the industrial sites reduces the net realization rate 14%.  Correction to the refrigeration site analysis reduces the overall net realization for kWh savings by an additional 40%.  Further reductions are anticipated if sampling and modeling issues are addressed.

(d) Recommendations:  Revise the savings estimates to address issues presented in this Verification Review Memo.  

	(e) Revised Impact Results1,2

	Ex Ante Gross
	Ex Post Gross
	Gross Realization Rate
	Net To Gross Ratio
	Net Savings
	Net Realization

	MW
	       25.22 
	21.19 
	       0.84 
	       0.28 
	         5.93 
	       0.235 

	MWh
	      92,793 
	137,250 
	       1.48 
	       0.24 
	33,491
	       0.36 


1  Corrections based upon data in supplied data files for commercial and refrigeration projects and tables 34, 54, 55, and 56 of the report. Data files report Ex Post Gross mWh of 137,250 rather than 135,543.  These differences impact the realization rates but have no impact on Net savings.  Changes in weighting due to the removal of the refrigeration projects also led to small differences.  A more robust re-analysis was not in the scope of this review, however, the general conclusions of this interpretation would remain substantially unchanged.

2  This table does not include adjustments for ORA identified problems associated with project size or modeling errors.  These factors were not possible to quantify with the resources at hand, but the ORA believes they would lead to significant further reduction in net savings.    

OVERVIEW

This document presents a review of the Pre-1998 Non-Residential New Construction Impact Evaluation Carryover report (Study #400).  The report examined 139 commercial participants using a matched group of non-participants as a control.   Whole building modeling using an energy code (Title 24) baseline was used to determine gross savings for most sites.  A difference-of-differences approach between participants and non-participants was used to calculate net savings and the net-to-gross ratio (NTGR).  Seven industrial projects representing 16% of the tracking savings were examined using an alternative approach.  Gross savings were determined using engineering methods or whole building modeling, and net savings and NTGR were determined from interviews with project personnel.

This review has identified several issues of importance that were not addressed or perhaps not treated correctly.  The materials provided did not always allow complete review.  Issues raised here should be addressed before this work is applied to a savings claim. 

Commercial Gross Savings

Gross savings are calculated for the participant and non-participant samples as the difference between the as-built building and the building built to the minimum requirements of California Title 24.  The gross savings methodology is dependant upon complete field information, consumption data, and good modeling.  The second year protocol requires that the models be calibrated to annual consumption data or to sub-metered data.  The result of this process should be an accurate estimate of the savings attributed to the difference between the as-built case and the code required case (the basecase).  

Issues have been identified with the calibration process and the modeling of individual buildings that could have significant impacts on the results presented in the study.  

Calibration Process

Only 41% of the cases were calibrated successfully.   Many of these were calibrated to extremely small amounts of data (a few months of bills).  Sub-metering was seldom used, even in cases where substantial uncertainty in overall consumption existed.  The results of this study suffer from the fact that the calibration process was successful on a small number of sites and very few months of actual data.

The following questions should be addressed before one relies on the study’s findings: 

· What portion of the participant sites were calibrated, what portion of the non-participants were calibrated?  

· The models are calibrated to within 10% of the billing or monitored data, however it is not reported whether there is a general bias (that is over the buildings calibrated are there consistent over or under predictions)?  This should be reported in terms of energy use.  

· Since a majority of the sites are not calibrated and use the default inputs, it is important that the default values are shown to be typical.  One partial way to do this is to show the beginning and ending energy use of the sites that do calibrate.  

· The authors state that the calibration process has very little impact on savings.  Since this is critical to the veracity of the study (given the number of sites that are not calibrated) savings estimates for uncalibrated and calibrated models need to be compared for the calibrated sites.

· The calibration process itself is not documented and no effort is made to explore the impact on the savings projections.  There are many ways to calibrate a model, all of them involve a great deal of guess work.  Alternative calibration protocols should be presented with their impacts discussed.

Modeling Quality

We reviewed six of the larger sites and found several issues of importance which would likely lead to reduced savings in four of the six cases.  These errors cast considerable doubt on the overall modeling quality, particularly in the larger, more complicated facilities which dominate the participant sample.

Site 199

The model specified very large process loads and outside air fraction (42%).  The database states that these are not measured values.  There are no bills or sub-metering and no calibration was completed.  These undocumented and un-measured model inputs drive the huge savings for a minor control change.  We estimate there is an 1,500,000 kWh over-estimate in gross savings.

Site 216

There is a twenty percent difference in the number of lighting fixtures reported in the study compared with PG&E measure verification field work (at the completion of the project).  Based upon the lack of detail in the reported audit data, we think PG&E might have the better count.  This would increase LPD by 20%.  In either case, the count should be verified and the appropriate action taken to improve either of the second year savings estimate.

Site 225

The model shows a savings of 4.7 million kWh in fan energy.  This is derived mostly from 680,000 CFM of air (4.8 CFM per sq.ft., 20-30ACH) provided at 0.12 watts per CFM versus the code allowed 0.8 w/CFM.  This fan flow and energy consumption should be documented.  In addition, if these are fume hood fans, the applicability of the code to these fans should be addressed as these applications are not generally covered by Title 24.

Fans are modeled as continuous (8760 hour) operation even though an audit indicates that this is due to improper control which has been fixed.  The audit states: “Currently no unoccupied mode.  Hired new EMS people to correct the problem.”  It goes on to state “As of Aug/Sept a new EMS controls contractor has been reprogramming the system.  At the time of the on-site, the majority of systems (except over testing area (AHU-2)) were controlled to operate from 5:30am through 8:00pm.  That system was set up to run until 12:00am.  The information in the survey reflects building operation prior to rescheduling of EMS program.”  Since this evaluation is to reflect on-going savings, use of the start up (and incorrect) control hours rather than the actual hours at the time of the audit improperly over-states savings.

The use of 20% minimum OA should be documented.  

Site 227

The HVAC system is modeled as variable air volume with 99% minimum outside (make-up) air.  Since VAV systems are allowed more fan power, modeling the base case as VAV gives system credit for large fan power reductions.   Maximum fan power for CV system should be used.  This is the effect of the large OA requirement and in this case is probably a better assessment of the base case.  Also, continuous daylighting controls are modeled for 193,673 square feet using a control point right next to window.  This is not good practice and there are probably no savings in this facility over code.  

Commercial Net-to-Gross Ratio

A difference-of-differences methodology was used for determining net savings and the NTGR. The assumption is that the improvement above a base case in the non-participant sample is representative of what would have happened to the participants if they had not participated in the program.  The authors assert that some of the non-participant efficiency above base represents improving efficiency levels that are a result of PG&E programs, and that this effect has had a similar impact on free riders.

The robustness of this method is dependant upon the non-participant sample being very well matched to the participant sample, and savings predictions that are based upon a common base case using a common methodology.   Different buildings and industries exhibit different behavior in regards to efficiency, and codes have different efficiency levels for different building types.   The comparison of the average retail building light level to code and that of the typical office will yield different values simply because the code is a somewhat arbitrary established number that differs between these end uses.  The average office probably has a different relationship to the code value than the average retail building.

The evaluation involved stratifying the participants by facility type and attempting to design a sample of non-participants that matched the participants well.  The report does not explicitly say which factors are used in grouping participants and the non-participants and this could be a very important point.  Based on circumstantial evidence, it appears that building type is the only variable used in comparing samples.  

The non-participant buildings are much smaller on average than the participants.  The authors imply that by looking at percent savings this difference is negated.  However, it is well established that energy efficiency and design strategies are better tended to in larger facilities.  A non-participant sample that is significantly smaller (one-third smaller in this case) will likely under estimate the general efficiency levels found in new non-residential construction outside the program and therefore over-estimate net savings.  Overall building size and energy use is as significant as building type in terms of self adopted efficiency.  In addition, larger facilities will have different system types and larger equipment with different baselines and modeling issues.  This creates a disparity in savings predictions.

Refrigerated warehouses were included in this process without being identified as an explicit building type.   Refrigerated warehouses were simply included in another building strata and compared to all warehouses (mostly non-refrigerated).  The authors state this is due to the lack of non-participant refrigerated warehouses. There are 3 non-participant, and 10 participant refrigerated warehouse in the program and non-participant sample (the data files only included predictions for one non-participant).  

Gross savings for refrigerated warehouses were calculated using a completely different methodology than other sites and used a base case not derived from Title 24.  Percent savings over this base case are not comparable in any way to predictions with DOE2 using a Title 24 base case since this is a completely arbitrary construct which may or may not have any relationship to the actual practice in designing and building these facilities.  The refrigerated warehouses consistently have the highest percent savings (57%) over the base case.  In fact the only modeled non-participant refrigerated warehouse also saved 60% over base case.  Including the percent savings from these sites in a building type that is compared to a group of non-refrigerated participants is clearly an error.  These sites must be compared to similar non-participant buildings using the same base case and prediction methodology.  They should have been treated similarly to the industrial sites or treated as their own building type despite the sample population differences. 

For the above reasons, we separated refrigerated warehouses from the commercial analysis.  The commercial NTGR was redone, as  well as the savings established for refrigerated warehouses using the  non-participant site.  The evaluation speaks of 3 non-participant sites and three projects are identified in the database, but data for only one of the projects was found in the supplied data files.  This single site was used as the control group.  While this is a poor method due to the single control site, it helps control for the radically different prediction model and base cases used for refrigerated warehouses.  We feel this approach is much closer to the truth than that used in the evaluation.

Two other building types offer unique circumstances:  buildings with laboratory spaces, and buildings with large amounts of process loads (computer labs).  To assume that non-participant conditions in these spaces are the same as a typical office is inadequate. They are more different from standard office occupancies than retail is from office.  No corrections for this have been proposed  due to the complexity of the task.  In the future, however, these building types should also be considered separate building types in the study design.  

Industrial Projects

The evaluation treated seven industrial projects on a case-by-case basis.  Gross savings were calculated using standard engineering tools augmented with short term metering in some cases.    Net-to-gross ratios were assigned based upon interviews with facility designers.   Results from this evaluation were then combined with the difference-to-difference results from the non-industrial projects.  It is important to note that there is no control group.

Gross Savings

The gross savings methodologies followed for these projects are generally robust.  The only serious concerns relate to site 257.  It is not clear why the verification model finds 3.5 times more savings than the original whole building model.  Very little documentation of the model is presented and no discussion of this increase which amounts to 50% of the total industrial energy savings claim.  Since the report describes these as “non-measure” savings, we discuss them in the net-to-gross section.  There is also an incorrect code interpretation in establishing the base case for site 257.  The consultant exempts fan pressure losses due to the high filtratation requirements of the project.  The code states that the filtration pressure drop above a certain level can be added to the code baseline, but that the system minus filtration above one inch W.C. must meet code fan power requirements.  Correct interpretation of this point would result in a reduction in net savings since the project appears to require excessive fan power over and above code requirements.  
Net-To-Gross Ratio

A NTGR is assigned to each facility based upon an interview. A default value of 0.75 was assigned when questions went unanswered.  A sector NTGR is calculated using a gross savings weighted average of the individual sites. A few irregularities were found with this calculation.  

Sites utilizing the default NTGR value should not have been used to calculate the average NTGR since this is, in effect, an arbitrary assigned value.   

Sites 229 and 257 utilize whole building modeling in determining gross savings (total savings in appendix).  All aspects of the building are included in this method, whether considered as a measure or rebated.  These “non-measure” savings are then removed from the NTGR calculation.  They are assumed to have NTGR characteristics identical to the measures for which data is collect.  This assumption is probably in error, since the non-rebated measures are likely not a neutral factor on savings.  By definition they are things the customer did outside the program, presumably because they represent the industry standards or a cost effective design approach for this facility. In any case the assertion that this is part of the utility’s savings would need more justification than presented here.  In the most extreme case (site 257), total savings are 3.6 times larger than the rebated measure savings (50% of total program savings) yet the NTGR for the project is 0.753.  Since there is no control group, the best way to deal with this is to not take credit for the “non-measure” savings, or assign them a NTGR of 0.

Site 223.  VSD was likely required by the Environmental Impact Review and was ordered before PG&E approval.   Very presumptuous to think this would not have happened independent of the utility’s intervention.  NTGR for this project should be zero.

Site 229.  Consists of 8 measures.  Documentation of the claimed NTGR of 0.77 is non-existent in this case.  Based on interviews, measures 1 and 4 would have been done but to a lesser degree.  Most likely the most effective measure would have been implemented.  Giving the program the benefit of the doubt, leads to the plausible assumption that 50% of the savings would have occurred anyway.   The tracking savings documentation indicated that these two measure account for 89% of total savings.  Therefore this project should have at NTGR of 0.555 when all the measures are taken into account.

Table 2 presents our revise NTRG calculation.

Table 2 New Average NTGR Calculation  (Industrial cases)

	Site ID
	Gross Savings
	RLW NTGR
	ORA 

NTRG

	93
	0
	0
	0

	118
	44
	0
	0

	205
	1271
	0.75
	-----1 

	210
	0
	0
	0

	223
	2896
	0.25
	0.0

	229
	5736
	0.77
	0.555

	257
	9280
	0.753
	0.211

	Total
	19226
	0.729
	0.287


1 Default value since customer refused to participate.  Not used in average calculation.

Summary Findings

1. Table 3 presents new values for program gross and net savings.  These take into account the new refrigeration and industrial numbers.  While the refrigeration savings adjustment reflect the fact that the only non-participant refrigeration project presented was just as efficient as program participants.  This is likely closer to the truth than the initial analysis.   Some issues have not been accounted for in these adjustments including: 

2. The identified modeling errors have been left unchanged.  

3. In the projects examined, it is possible to draw the conclusion that sites with very large gross savings often have modeling errors. If corrections were made, gross savings would be reduced by several million kWh for just the 6 projects.  The impact on the net saving is less clear, but is likely to be significant.  

The impact of the project size discrepancy between the participants and non-participants has also not been accounted for here.

Table 3 ORA  Revise Findings

	
	Commercial
	Industrial
	Refrigeration
	Combined

	
	mW
	mWh
	MW
	mWh
	mW
	kWh
	mW
	mWh

	Ex Ante Gross
	19.00
	65776
	2.21
	14261
	4.01
	12766
	25.22
	92793

	Ex Post Gross
	15.79
	92163
	2.37
	19226
	3.02
	25861
	21.19
	137250

	Gross Realization
	0.83
	1.40
	1.07
	1.35
	0.75
	2.03
	0.84
	1.479

	
	
	
	
	
	
	
	
	

	Net Savings
	4.75*
	27971
	0.68
	5520
	0.50
	0
	5.93
	33491

	Net To Gross Ratio
	0.30
	0.30
	0.29
	0.29
	0.17
	0
	0.28
	0.244

	
	
	
	
	
	
	
	
	

	Net Realization
	0.25
	0.43
	0.31
	0.39
	0.12
	0
	0.235
	0.361
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