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1. EXECUTIVE SUMMARY

1.1 Evaluation Impact Summary

This report presents the results of the impact evaluation of Pacific Gas & Electric
Company’s (PG&E’s) 1997 agricultural (Ag) sector programs. The evaluation assessed
the impacts for PG& E’s agricultural customers who received rebates during 1997 under
the Nonresidential Energy Efficiency Incentive (EEI) programs. The evaluation of the
1997 Agricultural Energy Efficiency Incentives (AEEI) Programs covered three end uses
— pumping and related, refrigeration, and greenhouse heat curtain. These end uses
comprised 90% of the agricultural sector avoided costs. This executive summary is
divided into three sections. evaluation impact summary, mgor findings, and major
recommendations.

1.1.1 Overall Results

The assessed (ex post) impacts were 81% of the predicted (ex ante) energy, 51% of the ex
ante demand, and 65% of the ex ante therm estimates. The summary is shown in Exhibit
1.1

Exhibit 1.1
Summary of Gross and Net Load | mpacts
1997 Agricultural EEI Programs

Agricultural Gross Net Net
Energy Efficiency Gross Realization To Net Realization
I ncentives Programs Savings Rate Gross Savings Rate
EX ANTE
kw 3,991 - 0.75 2,993
kWh 12,748,623 0.75| 9,561,467
Therms 580,625 0.75 435,469
EX POST
kw 2,037 0.51 0.75 1,528 0.51
kWh 10,247,327 0.80 0.75| 7,685,495 0.80
Therms 380,118 0.65 0.75 285,088 0.65

As part of aretroactive waiver agreement with California Demand Side Management
Advisory Group (CADMAC), PG&E is alowed to use a default net-to-gross ratio of 0.75
in return for conducting a telephone-survey based market effects study of four key market
barriers for the AEEI pumping and pumping related end-use market segment. The results
of the market effects study are presented in a separate report.

1.1.2 AEEI Pumping and Related End Use Impacts

Exhibit 1.2 shows the results of the pumping and related end-use impacts. This end use
consisted of the measures of pump repair, low-pressure sprinkler nozzles, and micro-
irrigation conversion.

Equipoise Consulting Incorporated Page 1-1
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Exhibit 1.2

Summary of Gross and Net L oad | mpacts
Pumping and Related End Use

End Use Gross Net Net
Pumping and Gross Realization To Net Realization
Related Savings Rate Gross Savings Rate
EX ANTE
kw 3,274 - 0.75 2,456 -
kWh 8,592,622 - 0.75| 6,444,466 -
Therms - - - - -
EX POST
kw 1,451 0.44 0.75 1,088 0.44
kWh 5,934,091 0.69 0.75] 4,450,568 0.69
Therms - - - - -

The micro-irrigation conversion measure was slightly more than one-half of the expected
energy and more than three-quarters of the expected demand impacts. As such, its lower
realized savings affected the demand impacts more than the energy impacts. Key impact-

related points for the pumping and related end use are:

The micro-irrigation conversion sites pumped much less water than expected from the
ex ante estimates. Additionally, the pressure differences between the pre- and post-

retrofit systems were lower than expected. This decreased both the energy and
demand impacts for this measure.

No demand impact was found for the pump repair measure, despite ex ante estimates
that an impact existed. This finding, in conjunction with the lower than expected
demand impact found for the micro-irrigation conversion, resulted in alow overall

kW realization rate for this end use.

Two of the five low-pressure sprinkler sites had zero impacts due to improper use of
the measure for energy efficiency purposes.

1.1.3 Refrigeration End Use

Exhibit 1.3 shows the results of the refrigeration end use. This end use consisted of the
measures of oversized condensers, strip curtains, and non-electric condensate evaporators

for refrigerators and freezers.

Page 1-2
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Exhibit 1.3

Summary of Gross and Net L oad | mpacts
Refrigeration End Use

End Use Gross Net Net
Refrigeration Gross Realization To Net Realization
Savings Rate Gross Savings Rate
EX ANTE
kw 416 - 0.75 312 -
kWh 2,392,698 - 0.75] 1,794,523 -
Therms - - - - -
EX POST
kw 285 0.69 0.75 214 0.69
kWh 2,549,933 1.07 0.751 1,912,450 1.07
Therms - - - - -

The oversized condenser measures represent more than 99% of the expected impacts for
this end use and, therefore, controlled the redlization rates. Key impact-related items for
the oversized condenser applications are:

The sites had higher effective full load hours of operation than predicted, leading to a

realization rate more than 1.0.

There were fewer tons of refrigeration used, on average, than predicted. This

decreased the demand impact.

1.1.4 Greenhouse Heat Curtain End Use

Exhibit 1.4 shows the results of the greenhouse heat curtain end use. This end use
consisted of the greenhouse heat curtain measure.

Exhibit 1.4

Summary of Gross and Net Load | mpacts
Greenhouse Heat Curtain End Use

End Use

Gross Net Net
Greenhouse Gross Realization To Net Realization
Heat Curtain Savings Rate Gross Savings Rate

EX ANTE
kW - - - - -
kWh - - - - -
Therms 580,625 - 0.75 435,469 -

EX POST
kW - - - - -
kWh - - - - -
Therms 380,118 0.65 0.75 285,088 0.65

The key impact-related items are:

There was a wide range of nighttime thermostat settings observed on site. The

average was five degrees less than the ex ante estimate.

Equipoise Consulting Incorporated
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The evaluation had less difference between the heat transfer coefficient (U-value)
with and without the heat curtain than expected in the ex ante estimate.

The evaluation team on-site audits found 88% of the rebated heat curtains. Some had
been removed, while others had not yet been installed.

1.2 Major Findings
The major findings from the evaluation are:
Pump repairs do not save demand, only energy.

Low-pressure sprinkler nozzle sites appear to use the measure in an inconsistent
manner. Installation of the measure does not always save energy.

There was no minimum thermostat setpoint required for the heat curtain measure.

1.3 Major Recommendations
Based upon the findings, the major recommendations the evaluation team makes are:

Set the demand impact to zero for a pump repair for any future programs.

Require that the low-pressure sprinkler nozzles installed under the program reduce
the pressure seen at the pump.

Require heat curtain installations to maintain an average nighttime temperature of
65°F in order to qualify for the program.

For the non-€electric condensate Retrofit Express measure, use alist of eligible
refrigerators and freezers, by manufacturer and model. This should expedite rebates
and assure that the anticipated savings are achieved.

For future evaluations, use of the PG& E pump test database to target which pump
repair sites should receive evaluation post installation pump tests. Thiswas a
successful strategy in this evaluation.

For future evaluations, require on-site audits of oversize condenser sites. Their
complexity makes this approach mandatory.

Page 1-4 Equipoise Consulting Incorporated
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2. INTRODUCTION

This section summarizes results of the impact evaluation of Pacific Gas & Electric
Company’s (PG&E’s) 1997 agricultural (Ag) sector programs. The evaluation assessed
the impacts for PG& E’ s agricultural customers who received rebates during 1997 under
the Nonresidential Energy Efficiency Incentive (EEI) programs.

Asillustrated in Exhibit 2.1, the Agricultural EEI (AEEI) participants who adopted
pumping and related, refrigeration, and greenhouse heat curtain measures comprised 90%
of the total agricultural sector avoided cost. Thus, these are the three AEEI end uses
covered under this evaluation. The remaining agricultural customer EEI measures are
accounted for as miscellaneous measures under Table C-9 of the “Protocols and
Procedures for the Verification of Costs, Benefits, and Shareholder Earnings from
Demand Side Management Programs” (the Protocols). The AEEI programs include
agricultural sector incentives paid under the Retrofit Express (RE) program and the
Retrofit Efficiency Options (REO) program.

Exhibit 2.1
Summary of Avoided Cost by
Agricultural Sector EElI Measure

End PG&E Measure N Avoided | Percentage***

Use Code* Description App. Costs
Ag Al Pump Retrofit 111 | $ 1,051,755 14%
Pumping A40/ A41/ A42 ] A43 L ow-Pressure Nozzles 5% 34,166 0%
and Related Ad4 | A45 /] A4T7 ] A49/ A51/ A§Micro-Irrigation Conv. 32| $ 3,812,964 52%
Ag Pumping and Related End Use Total 148 | $ 4,898,885 67%
Refrigeration R17/R18 High-Capacity Condenser 10| $ 879,621 12%
R2 Strip Curtains for Walk-In 119% 1,021 0%
R52 Condensate Evaporator 2| 887 0%
Refrigeration End Use Total 13| $ 881,528 12%

Greenhouse Heat

Curtain Total A10 Greenhouse Heat Curtain 11|$ 762,685 10%
Ag Pumping, Refrigeration, and Greenhouse Heat Curtain End Uses 172 | $ 6,543,098 90%
AG Miscellaneous End Uses** 65| % 749,951 10%
AEEI PROGRAM TOTAL 237 | $7,293,049 100%

Data Source: 1997 PG&E Frozen MDSS Database - April 8, 1998

*PG&E MDSS Measure Codes

**The miscellaneous end uses are evaluated under Protocol Table C-9. They are not included in this evaluation.
***The numbers do not add up due to rounding.

2.1 Descriptions of Programs Covered by the Evaluation
Measures rebated under the following programs were evaluated as part of this project.

211 TheRetrofit Express Program

The RE program offered fixed rebates to nonresidential customers to retrofit their
facilities' gas or electric energy-efficiency equipment from a pre-specified list of
measures. The program covered a wide range of energy-saving measures in the lighting,
air conditioning, motors, refrigeration, and food service end uses. Specific refrigeration

Equipoise Consulting Incorporated Page 2-1



PG&E 1997 Agricultural Programs — Final Report

measures included cooler or freezer, non-electric condensate evaporator and strip
curtains.

Customers were required to submit proof of purchase with their applicationsin order to
receive rebates. The program was marketed primarily to small- and medium-sized
commercial, industrial, and agricultural customers. The maximum rebate amount,
including all measure types, was $300,000 per account. No minimum amount was
required to qualify for arebate.

2.1.2 TheRetrofit Efficiency Options Program

1997 agricultural sector customers participated in both the REO agricultural and
refrigeration programs. The participation included five measures. pump repair, |ow-
pressure sprinkler nozzles, sprinkler to micro-irrigation conversion, heat curtains (REO
Ag Program), and oversized condensers (REO Refrigeration Program). PG& E
representatives worked with customers to identify cost-effective improvements, with
special emphasis on operation and maintenance measures for customers' facilities.
Marketing efforts were coordinated among PG& E Divisions, emphasizing local planning
areas with high marginal electric costs to maximize program benefits.

2.2 Description of Evaluation

Thisimpact evaluation covers all measures installed at agricultural accounts, as
determined by the Marketing Decision Support System (MDSS) sector code, that were
included under the RE and REO programs and for which rebates were paid during
calendar year 1997. The impact evaluation results in both gross and net impacts and
compares these estimates to the program design estimates.

As part of aretroactive waiver agreement with California Demand Side Management
Advisory Group (CADMAC), PG&E is alowed to use a default net-to-gross ratio of 0.75
in return for conducting a telephone-survey based market effects study of four key market
barriers for the AEEI pumping and pumping related end-use market segment. The results
of the market effects study are presented in a separate report.

2.2.1 Objectives

The evaluation objectives, as originally stated in the Request for Proposal (RFP), were
refined during the project initiation meeting and were further refined in discussions with
the PG& E project manager. Those objectives are:

1. Determinefirst-year gross and net impacts (kW, kWh, and therms) for the Ag
sector of PG& E’'s AEEI programs. The AEEI programs include Ag sector
incentives paid under the RE program, the REO program, and the 1997 Advanced
Performance Options (APO). The evaluation covered AEEI measures for which
incentives were paid during calendar 1997 for the Ag pumping and related,
refrigeration, and greenhouse heat curtain end-uses. The greenhouse heat curtain
end-use savings were derived solely from greenhouse heat curtain measures. There
were no participants from the APO program paid in 1997.

Page 2-2 Equipoise Consulting Incorporated
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2. Comparetheevaluation resultsto PG& E’s (ex ante) estimates and explain
discrepancies to support improvements in future ex ante estimates.

3. Conduct a telephone-survey based market effects study of four key market
barriersfor the AEEI pumping and pumping related end-use market
segment. As part of aretroactive waiver agreement with CADMAC, PG& E was
allowed to use a default net-to-gross ratio of 0.75 in return for conducting a
telephone-survey based market effects study of four key market barriers for the
AEEI pumping and pumping related end-use market segment. This study was
augmented by a market characterization based upon PG& E’s 1996 AEMS Market
Effects study, SCE’s 1996 Agricultural Sector Market Effects Study, and the
experience of the evaluation project team. This study is presented under separate
cover.

4. Create aretention panel for the 1997 program to allow follow-up persistence
studies.

5. Recommend improvements for future programs, evaluations, and the
Protocols.

6. Assess equipment survival ratesfor equipment installed under the 1994 and
1995 Ag program. Revigit sites to determine whether equipment identified in the
origina 1994 and 1995 retention panels was still installed. This study is reported
under separate cover.

7. Report resultsin accordance with Protocols and support AEAP process as
requested. Thisincludes program reporting, completion of the Protocol tables
required for CPUC filings, and support during the AEAP process.

2.2.2 Evaluation Results

The gross impact results from the evaluation are grouped by technology type to clearly
illustrate the trends in participation. Each technology is defined by the measures (i.e.,
measure codes) offered by the programs. These technologies are then summarized into
the pumping and related, refrigeration, and Ag other end-uses that pertain to the
agricultural sector. Since these three end uses encompass 90% of the ex ante resource
value for the agricultural sector, they are the end uses analyzed in this report. The
remaining measures are reported under the requirements of Table C-9 of the Protocols
and are not part of this report.

The net program impacts are reported in the format indicated above for the gross impacts.
Net program impacts are the result of adjusting the gross program impacts for the
behavioral responses of the population to which the program was offered. These
behaviors are termed free-ridership and spillover. The free-ridership adjustment reduces
the gross impact to compensate for program participants who would have implemented
the measure without the program incentive (would have done it anyway). The spillover
adjustment increases the gross impact to compensate for customers who installed energy-
efficient measures because of the program, but without receiving the program incentive.
In this evaluation, the net-to-gross ratio used to determine net program impacts (0.75)
was set by aretroactive waiver.

Equipoise Consulting Incorporated Page 2-3
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In addition to reporting the impacts as assessed by the evaluation (ex post results), this
report compares these results to the origina program estimates (ex ante estimates) in the
form of realization rates. The redlization rates are smply the ratio of the ex post results to
the ex ante estimates. Wherever realization rates diverge significantly from 1.0 (i.e., ex
post equals ex ante), the eval uation team attempts to explain the reasons for differences
between the ex ante estimates and the ex post values. Based on these explained
differences, recommendations are made for improvements in the program design, the
evaluation approach, or the Protocols. These recommendations are aimed at improving
future realization rates.

223 Timing

The 1998 evaluation of the 1997 AEEI programs commenced in June 1998, completed
the planning stages in October 1998, conducted data collection from September through
December 1998, and completed the reporting phase in February 1999.

2.2.4 Roleof theProtocols

The Protocols specify most aspects of the evaluation. They define minimum sample sizes,
required precision, data collection techniques, acceptable analysis approaches, and
formats for documenting and reporting results to the CPUC. The Protocol requirements
may be modified through submission and approval of aretroactive waiver to CADMAC.
A retroactive waiver was submitted (approved June 17, 1998) for the AEEI program
evauation. Thiswaiver allows (1) the use of a net-to-gross ratio of 0.75 if a market
effects study was conducted instead of a net-to-gross analysis, and (2) the use of
simplified engineering analysis for the refrigeration and greenhouse end-uses. A second
waiver was submitted (approved January 20, 1999) to allow designated units of measure
that better fit the refrigeration and Ag other end uses. Section 6 of this report contains the
entire approved waivers

2.3 Report Layout

Thisreport is divided into seven sections plus the supporting appendices. These are:
Section 1. Executive Summary —supplies a synopsis of the report findings.

Section 2. Introduction — summarizes the report, introduces the programs, and presents a
synopsis of the evaluation.

Section 3. Methodol ogy — presents the approach used to analyze the data and derive the
results.

Section 4. Evaluation Results — presents the impact findings and discusses discrepancies
between the ex post impacts and the ex ante estimates.

Section 5. Recommendations — discusses recommendations emanating from the
evaluation.

Section 6. CADMAC Waiver — documents the two waivers that were approved by
CADMAC for the 1997 AEEI programs.

Section 7. Protocol Tables 6 and 7 — supplies the detailed Protocol Table datarequired to
file the study with the CPUC.

Appendix A. Engineering Detailed Computation Methods — presents a detailed
explanation of the engineering analysis summarized in the body of the report.

Appendix B. Final On-site Instruments — supplies the final field data collection
instruments for completeness.
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3. METHODOLOGY

This section first discusses the data sources used in the analysis, followed by the gross
impact analysis methodol ogy.

3.1 Data Sources

The key element to obtaining high accuracy in any evauation is maximum use of all
available data sources. The Equipoise team evaluated all applicable data available from
PG&E and industry sources.

3.1.1 Existing Data
The primary existing data sources were:
The MDSS database for 1997 - This database contained information on the Retrofit

Express (RE) and Retrofit Efficiency Options (REO) programs for all sectors. The
agricultural sector information was used in the evaluation.

PG&E Pump Test Database - This database contained information on pump tests
conducted as part of the PG& E Energy Management Services program. Pump test
information was assessed for 1992-1997.

PG& E program design documentation.
PG&E hilling datafor 1996, 1997, and part of 1998.

3.1.2 Collected Data

Additionally, information was gathered from the following data sources and data
collection tasks:

On-site pump tests for REO pump repair participants with previous known pump
tests, and pump tests for a census of low-pressure sprinkler and micro-irrigation
conversion sites.

On-site audits for a census of the participantsin all three end-uses.

“Irrigation Pumping Plants’ by Blaine Hanson, UC Irrigation and Drainage
Specidlist, University of Californialrrigation Program, Davis, California, 1994.

“Cutting Energy Costs for Pumping Irrigation Water”, Division of Agricultural
Sciences, University of California, Leaflet 21188, February, 1981.

“Energy Conservation for Commercial Greenhouses’, Northeast Regional
Agricultural Engineering Service, Cooperative Extension, NRAES-3, Third revision,
July, 1989.

“Energy Savings Using Greenhouse Shading/Insulating Screens Report”, Submitted
to the California Energy Commission, Contract #400-92-010, November, 1994.

“Refrigeration and Air Conditioning”, Third Edition, Air-Conditioning and
Refrigeration Institute, Prentice-Hall, 1998.
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Appendix A, Thermodynamic Property Tables, International Institute of Ammonia
Refrigeration (I11AR), Ammonia Data Book, December, 1992,

Appendix B, Ammonia Refrigeration Application Data, International Institute of
Ammonia Refrigeration (I1AR), Ammonia Data Book, December, 1992,

American Society of Heating, Refrigerating, and Air-Conditioning Engineers
(ASHRAE) 1995 HVAC Applications Handbook.

ASHRAE 1997 Fundamentals Handbook.
ASHRAE 1998 Refrigeration Handbook.

The numbers of survey data points collected are shown in Exhibit 3.1. The analysis of the
1995 retention data points is covered in a separate report.

Exhibit 3.1
Surveys Data Points Completed
Customer AEEI Program 1995
Heat
Type Pumping Refrig. | Curtain | Total Retention| Total
On-Site Surveys

Participant Applications| 138 13 11 162 0 162
1995 Retention 0 0 0 0 123 123

Total 138 13 11 162 123 285

The sample information, showing the population, sample frame, and final analysis sasmple
sizes are shown below in Exhibit 3.2.

Exhibit 3.2
Sample Summary

Final Analysis

Sample Frame Sample

End Use Population* | On-Site | Metering] On-Site |Metering|
Pumping and Related 148 148 96 138 82
Refrigeration 13 13 0 13 0
Greenhouse Heat Curtain 11 11 0 11 0
Total Participant 172 172 96 162 82
1995 Retention 126 126 - 123 -

* Participant sample was a census, population refers to application numbers

3.1.3 Sample Design

3.1.3.1 Overview

Datawere collected via on-site surveys from a census of program participants. The data
collected from these samples provided the information needed for the impact evaluation
(i.e., engineering analysis for gross impact) models. The sampling plan for the PG& E
agricultural evaluation, based on 1997 program participation data and experience in past
evaluations, is presented in this section.
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3.1.3.2 AEEI Participant Sample Frame

For this evaluation, the participant population for the AEEI program is small, and the
entire population was needed to fulfill the sample sizes required by the Protocols. There
was no nonparticipant sample frame used in this analysis.

3.1.3.3 Relative Precision of Sample

The relative precision of a given sample design based on total annual energy use reflects
the uncertainty regarding the extent to which the allocated sample sizes are large enough
to control for the population variance in terms of annual energy usage.

For AEEI participants, a census was attempted and there was no sampling to measure the
extent to which the sample reflects the population.

3.2 Overview of Analysis

The 1997 agricultural programs evaluation analyzed three end uses — Ag pumping and
related, refrigeration, and Ag other (greenhouse heat curtains). A census of the
applications had on-site audits performed to gather information for the engineering
analyses that led to the gross impact results. A net-to-gross ratio of 0.75 was applied to all
AEEI ex post gross impact estimates per the CADMAC waiver approved June 17, 1998.
An overview of the impact method is shown in Exhibit 3.3. The ex ante net-to-gross ratio
of the measures covered under the three end uses analyzed was also 0.75.

Equipoise Consulting Incorporated Page 3-3



PG&E 1997 Agricultural Programs — Final Report

Exhibit 3.3
Overview of Impact Method

Pumping and
Related
End Use

Greenhouse
Heat Curtain
End Use

Refrigeration
End Use

» Engineering Analysis

Gross Results

Key
O = Data Input
<> = Specific Survey

I:I = Andysis Net Results

= Result

Multiply by 0.75 if from engineering
analys's - othervjise use measure
specific net-to-grossratio

3.3 GrossImpact Analysis

While a census of measures was audited on-site, the pumping and related end-use
measures also collected data from pump tests performed during the evaluation. These
pump tests were the core of the engineering analyses for this end use. The pump repair
measure had pump tests performed for 30% of the paid applications. The micro-irrigation
conversion applications averaged 1.5 pump tests per application, while the low-pressure
sprinkler nozzle measure performed one pump test out of the five applications. Exhibit
3.4 shows the overview of the analysis of the gross impact.
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Exhibit 3.4
Gross Impact Overview

Greenhouse
Heat Curtain
End Use

Pumping and
Related
End Use

Refrigeration
End Use

N Engineering
Analysis

A

oss el A
Data P

Key \—¢

O = Data Input
<> = Specific Survey

Gross Results
I:I = Anaysis

L -reu

3.3.1 Pumping and Related End Use

3.3.1.1 Pump Repair

There were 111 applications for this measure, representing 76 unique customers. In order
for pump test results to identify the change in efficiency due to pump repairs, they must
(1) be conducted both before and after the repair, and (2) be technically sound tests
yielding good data. For example, if awell cannot be sounded for depth or does not have
the proper length test section, the test gives poor and misleading results. The evaluation
approach minimized evaluation cost yet continued to provide credible impact results for
this measure by using the PG& E pump test database to select accounts carefully for post-
repair pump tests. Only if the pump repair measure had a PG& E pump test performed
before the repair, as determined from the pump test database, program applications, and
discussions with the grower, was a post-installation pump test performed during the on-
site audit. Analysis of the pump test database identified 48 pump tests that met those
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criteria. A census of these 48 pumps was attempted with 33 completed, good tests. For
other pump repair sites, only retention and use information was collected.

The algorithm shown in Exhibit 3.5 was used to determine the energy impacts for pump
repairs.

Exhibit 3.5

Pump Repair Energy Impact Algorithm
111

Impact= g kWhg,, * L- SPPE;;)
i=1 i

Essentially, there were two pieces of information required to apply the impact algorithm
to each pump repaired. First, the 1997 kWh for the site must be known for only the
specific pump repaired. Second, the pump type and horsepower must be known to
properly apply the second half of the algorithm — the OPE ratio.

On-site audits provided the information used to allocate the billing data usage. The
horsepower of the other pumps on the meter and the percentage of time these pumps
operated were gathered. Assuming the pumps were fully loaded when on, the percentage
of the kWh used by the repaired pump was calculated. The audit also provided the
horsepower and pump type for correct application of the OPE ratio.

The evaluation team collected post-repair OPE values from 33 pumps. These pumps had
pre-repair OPE values already recorded in the PG& E pump test database. To increase the
number of actual pre- and post-OPE paired values, the 1992-1997 PG& E pump test
databases were anayzed to identify pumps with pre- and post-pump repair results. Since
there is adifference in the paired pre-to-post efficiency possible based on technology
(e.g., turbine, centrifugal, or axial flow pump), these data were analyzed by pump type.
There was a large enough sample in the pump test database to separate the turbine pumps
into two groups (bins) — 20-75 horsepower and over 75 horsepower.

Pump account number data were collected during the on-site audit to be able to pull the
1997 billing data. However, even with this information, there were eleven accounts with
missing kWh data in 1997. For these pumps, the 1996 data was located and used to
determine the impact.

The difference in KW pre- and post-repair was also analyzed using the 1992-1997 PG& E
database information to determine if there were demand impacts. On average, there was
an increase of 1.3 kW due to the pump repair. However, the standard deviation around
that value was large and included zero. The pre- and post-repair KW values were further
analyzed using a single-tailed t-test. At the 90% confidence level, there were no
significant differences between the pre- and post-repair kW (t=0.001). Because of the
results of the t-test, the demand impacts were set to zero for all the pump repair measures.
Thisis consistent with the 1996 PG& E agricultural sector evaluation findings.
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3.3.1.2 Low-Pressure Sprinkler Nozzles

There were five sites rebated for this measure. The low-pressure sprinkler nozzle measure
used an approach similar to the ex ante estimates, but used measured data from pump
tests. The algorithms used for the demand impacts are shown in Exhibit 3.6.

Exhibit 3.6
L ow-Pressure Sprinkler Nozzles Demand I mpact Algorithms

(@D Deltahp = (GPM from pumptest) * delta TDH / (3960 GPM-Ft/hp* current OPE)
where TDH = total dynamic head
OPE = operating plant efficiency
2 Deltahp / acre = (1) above/ acresirrigated
3 Nozzles/ acre = nozzles found at site/ acres irrigated
4 DeltakW / nozzle = (2) above * 0.746 kW/hp / (3)
5 Peak kW / nozzle impact = (4) above * Coincident Diversity Factor of 0.78

Certain assumptions were made during the low-pressure sprinkler nozzle analysis. It was
assumed that the OPE of the old and new systems was the same if there was no changein
the pumping system. If the pump had been retrofitted, the pre-OPE was determined based
on information from the pump repair analysis. It was assumed that the irrigation
efficiency (IE) of the old system and the new system was the same. Therefore, there was
no assumed difference between the acre-feet (AF) of water pumped in 1997 and what
would have been pumped with the old high-pressure sprinkler system. These assumptions
result in conservative estimates. The nozzle pressure (shown as “P’ in Exhibit 3.7) in
pounds per square inch (psi) for the pre- and post-nozzles was based on grower self-
reports. The algorithms used to determine site-specific energy impacts for the low-
pressure sprinkler systems are shown in Exhibit 3.7.

" Appendix A of “Impact Evaluation of Pacific Gas & Electric Company’s 1995 Agricultural Energy Efficiency
Incentive Programs: Pumping and Related End-use, Indoor Lighting End-use. PG&E Study 1D Numbers: 329: Pumping
and Related End-use. 331: Indoor Lighting End-use”, Dated March 1, 1997.
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Exhibit 3.7
L ow-Pressure Sprinkler Nozzle Energy Impact Algorithms

(1) Post-total dynamic head (TDH) from nozzles = Ppos (psi) * 2.31 ft/psi
(2) Post-TDH other than nozzles = Actual TDH from pump test — (1) above
(3) Pre-TDH = Py (psi) * 2.31 ft/psi + (2) above

(4) AF = 1997 kWh / (KWHAF)trom pump test

(5) kWh/ AF pe = 1.0241* (3) above / OPE ¢

(6) kWh e = (4) above* (5) above

(7) kWh Impact = kWh 1997 — (6) above

(8) kWh/ nozzle impact = (7) above/ nozzles installed

3.3.1.3 Micro-irrigation Conversion
The participants for this measure represented 32 applications and 14 unique customers.

For the demand impacts, the micro-irrigation conversion measure used an approach
similar to the low-pressure sprinkler nozzle analysis. The on-site audits determined
whether the system ran during peak periods. A coincident diversity factor (CDF) was
applied on a site-specific basis. If the site ran 24 hours per day during watering sets, the
CDF was set to one. If it was determined that there was a peak period lock out on the
metering box or the irrigation sets were for 12 hours or less, the CDF was set to zero. The
average CDF for the 32 sites was 0.87.

Exhibit 3.8
Micro-irrigation Conversion Demand Impact Algorithms

Q) Delta TDH = Pre TDH — Post TDH

(2) KW Impact = (GPM from pumpes)) * (1) above / (3960 GPM ft/hp* post OPE) *
0.746 KW/hp * CDF

(©)) kW Impact / acre = (2) above / acres converted

Micro-irrigation system conversion rebates were paid when a customer converted from a
sprinkler irrigation system (either high-pressure or low-pressure) to a micro-irrigation
system. There was one site that converted from aflood irrigation system. The demand
and energy impacts at this site were set to zero.

In general, the pumping systems were renovated to allow the micro-irrigation to function
properly. The impact of the retrofit both decreased the AF of water applied and changed
the pumping system. The analysis of the micro-irrigation sites used the pump test
information in asimilar fashion to the low-pressure sprinkler nozzle analysis. The
estimated pre- and post-pressures were based on grower self-reports.

Questions were asked in the field regarding the previous irrigation system type. The
irrigation efficiency value used to determine the AF/year that would have been applied
without the micro-irrigation system was determined from two sources:. (1) previous Ag
evaluation data (irrigation efficiency results for sprinkler systems) and (2) an estimate of
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the current systems’ irrigation efficiency as determined by the experts in the field (and
referenced with any current research). Taking these two sources into account, the analysis
used a 10% increase in the irrigation efficiency between the pre- and post-retrofit
irrigation system.

When a pump was replaced with a different type, the pre-OPE assigned to the pump was
based on the previous pump type. For example, if the post-retrofit pump was a turbine
booster and the pre-retrofit pump had been a centrifugal pump, the average OPE for
“routineg” tests within the PG& E pump test database was applied for the pre-retrofit OPE.
The on-site audit determined if the post-retrofit pump had been repaired. If so, the OPE
difference was based on the pump repair analysis OPE ratio. The site-specific energy
impact algorithms are shown in Exhibit 3.9.

Exhibit 3.9
Site-Specific Micro-irrigation Energy I mpacts

(1) Post-total dynamic head (TDH) from system = Pyog (psi) * 2.31 ft/psi

(2) Post-TDH outside of micro system = Actual TDH from pump test — (1) above
(3) Pre-TDH = Py (psi) * 2.31 ft/psi + (2) above

(4) AF post = 1997 kWh / (KWH/AF) from pump test

(5) AF ye = AF g * post IE/ pre |E

(6) kWh/ AF e = 1.0241 * (3) above/ pre OPE

(7) kWh e = (5) above * (6) above

(8) kWh Impact = kWh pe — KWh pog

(9) kWh/ Acre Impact = (8) above/ Acres converted

In afew cases, the system obtained irrigation water from more than one pump.
Information was gathered during the on-sites to determine the total acres covered by the
micro-irrigation system and the pumps/accounts that fed that system.

3.3.2 Réfrigeration End Use

There were three distinct analyses performed for the refrigeration measures. Ten of the
thirteen measures paid during 1997 within the refrigeration end use were for oversized
condensers . Of these ten oversized condensers, nine were installed on ammonia systems
and the remaining measure was on a halogenated hydrocarbon system. There were two
non-electric evaporative condensers on refrigerator/freezer measures and one strip curtain
measure. The analysis performed on the oversized condensers will be discussed first.

3.3.2.1 Oversized Condensers

To understand how this measure was analyzed, a short explanation of a typical
refrigeration process is presented. Within a standard refrigeration system there are four
distinct pieces of equipment: a condenser, a metering device, an evaporator, and a
compressor. Exhibit 3.10 shows atypical pressure-enthalpy (enthalpy is the heat content
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of arefrigerant) diagram for arefrigeration system. Each piece of equipment is shown on
this diagram based upon where it is used in the refrigeration cycle. The refrigerant goes
through four stages, as represented by the four numbersin circles in the diagram. Each
stage will be discussed.

Exhibit 3.10
Pressure-Enthalpy Diagram

Subcooled Liquid Superheated Gas
Region Region
@ / Condenser / @
Pr%s_ure * ¥
(psia)

Metering /]Saturated Liquid |
Device | Saturated V apor

@ 0

Compressor

Enthalpy
(Btu/lb)

At point 1, the refrigerant is a mixture of liquid and gas. As the refrigerant moves through
the evaporator, it maintains the same pressure and absorbs heat from the space being
cooled. The heat causes the liquid portion to boil and become agas. The curved line on
the right side of the diagram represents the point where the liquid phase ceases to exist
and the vapor becomes fully saturated. After the refrigerant gets hotter than the saturated
vapor state, it is a superheated vapor. Moving from point 1 to point 2, the enthalpy is
steadily increasing, as shown in the diagram.

At point 2, the refrigerant is now a superheated gas as it enters the compressor. The
compressor increases the pressure of the gas and adds some heat due to the compression
(heat of compression). The impacts from the installed measure are realized at the
compressor as the oversized condenser decreases the pressure to which the compressor
must raise the refrigerant. (i.e., as the refrigerant moves from point 2 to point 3).

From point 3, the refrigerant goes through the condenser. In the condenser, it steadily
gives up heat to the atmosphere and condenses from a gas to a liquid. The condenser
generaly continues to cool refrigerant past the point where all of the gas becomes a
liquid (the saturated liquid line). The refrigerant is now a sub-cooled liquid at point 4.
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The refrigerant then moves through a metering device (often referred to as an expansion
valve) from point 4 back to point 1. This device decreases the pressure, but keeps the
same amount of heat (enthalpy) within the refrigerant. The refrigeration cycleis
complete.

This short rendition of arefrigeration cycle does not take into account the real-world
losses associated with any type of refrigeration cycle. It assumes perfect (isentropic)
compression and perfectly functioning pieces of equipment. These assumptions were
used in the analysis.

The kW impact for this measure was determined as shown in Exhibit 3.11.
Exhibit 3.11
Refrigeration Demand I mpact Algorithm

Work of Compression* Mass Flow* Tonsof Refrigeration* Conversion from Btu/hr tokW
Efficiency of Motor

kW =

Btu, Ib ,, . 1kw

KW = Ib__hr-ton - 3413 Btu/hr

The average kW reduction for a specific refrigeration load was determined and the hours
of operation were applied to determine the KWh impacts, as shown in Exhibit 3.12. The
hours of operation were gathered on site from the plant manager.

Exhibit 3.12
Refrigeration Energy Impact Algorithm

kWh savings = § kW impact, * Hoursof operation,

i=1

3.3.2.2 Non-Electric Condensate Evaporator Refrigerators/Freezers

There were two sites that installed this measure. One installed just a refrigerator while the
other installed both arefrigerator and freezer. The make and model numbers were
gathered on site and the manufacturers of the equipment were contacted to determine if
the condensate evaporator was actually non-electric. The ex ante estimate of impact was
used for the ex post impacts of this measure.

3.3.2.3 Srip Curtains

One site installed strip curtains. Data were collected during an on-site audit to determine
how the strip curtain was installed and used. Information from the plant manager was
used to analyze the data for possible impacts. A custom analysis based on standard
thermodynamic heat transfer analysis techniques was applied to this site. This analysis
can be found in Appendix D and a discussion of the reasons for the ex post impact
estimates can be found in Section 4.4.2.3.
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3.3.3 Greenhouse Heat Curtain End Use

There were eleven applications for greenhouse heat curtains paid in 1997. The
applications represent nine different customers. All greenhouses were audited for this
evaluation.

The greenhouses were constructed of many different materials, from glass to fiber-
reinforced polyester to polyethylene film. The majority of the sites were multi-span
buildings with many peaks. The heat curtains were installed to reduce the therm usage of
natural gas heaters by minimizing the heated area and decreasing heat loss from the
greenhouses at night. However, while nighttime heating savings were planned, the heat
curtains were also used during the day to control day length, shade crops, and reduce
daytime temperatures within the greenhouse.

The curtains were thin, movable, and attached to the greenhouse using various
mechanisms. Research indicated that, in many areas of the U.S., 80% of the energy for
heating of single-glazed structuresis required at night.? Therefore, insulation that can
allow for daytime sunlight and reduce nighttime heat loss should be moveable. The heat
curtain measure, as implemented by PG& E, required the inclusion of tracks and a motor
to deploy the heat curtain . All heat curtains met this requirement.

The heat curtains were most often placed at a slight upward angle into the middle of the
peak from the join between the roof and wall. When closed, the curtain created a“new”
ceiling which was lower.

While the curtains were sometimes deployed during the day, most of the actual therm
energy impacts occurred at night. The impacts were dependent on the construction of the
building, the infiltration of cold air into the greenhouse, how the heat curtain was
installed, and the efficiency of the natural gas heater. Based on previous experience, the
determination of the efficiency of heaters in greenhouses can be quite difficult. Therefore,
for this evaluation, the efficiency was set at 70% for either individual heatersin the
greenhouses or a central boiler. This efficiency is lower than the minimum efficiency
(75% for central steam boiler and 74% for unit heaters) set by the California Energy
Commission (CEC) and accounts for the age of the units and piping losses. The actual
temperatures required in the greenhouses were dependent on the crop. The impacts for
heat curtains were determined using the algorithms shown in Exhibit 3.13 and Exhibit
3.14.

2 Energy Conservation for Commercial Greenhouses, Northeast Regional Agricultural Engineering Service,
NRAES-3, July, 1989.
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Exhibit 3.13
Heat Curtain Impact Algorithm

DQt* AnnualHrs* C1
h

DTherms =

Where:

DQ: = Changein heat loss, Btu/hr
Annual Hrs = Annual Hoursin Use, hr
C1 Conversion for Therms, 1 therm/100,000 Btu
h Efficiency of heater, unitless

The change in the heat loss of the greenhouses due to the addition of the heat curtain (Qy)
was determined by both the heat |oss due to conduction (heat migrating through the
materials from the higher temperature inside to the lower temperature outside) and the
heat loss due to infiltration (heat loss through open areas in the construction). These two
heat |osses were determined as shown below in Exhibit 3.14.

Exhibit 3.14
Heat Loss Algorithm

ey 0 u 2y 0 u
DQt=&8 Ui* AT CM+*Vol* ACHI  *DT - & Ui* AT*CM+p*Vol* ACHI  *DT

-1 2 Bore -1 2 Bpost

Where

U@ = Heat transfer coefficient of each material i, Btu/hr-ft*-°F

Ai = Areaof each material i, ft?

CM = Construction Multiplier based on frame type, unitless

DT = Averageinside to outside temperature difference, °F

¢ = volumetric specific heat of air, 0.018 Btu/ ft*-°F

Vol = Volume of the greenhouse, ft*

ACH = Air changes per hour, changes/hr

The impacts determined were site specific and, in some cases, greenhouse specific.

3.4 Net-to-Gross Analysis
3.4.1 Waiver Discussion

At the beginning of the 1997 agricultural sector evaluation, PG& E submitted a waiver to
CADMAC covering methods to be used in the evaluation. This waiver is presented for
completeness in Section 6. One of the elements of the waiver was a proposal that PG& E
be allowed to use a “net-to-gross ratio of 0.75 for the agricultural sector, subject to the
condition that PG& E conduct a telephone-survey based market effects study of four key
market barriers for the pumping and pumping related end use. This waiver was approved
by CADMAC on June 17, 1998. The market effects study will be reported under separate
cover by March 30, 1999, as specified in the waiver.
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3.5 Integration of Net-and-Gross Estimates

The gross impacts were ssimply multiplied by the net-to-gross ratio of 0.75 to determine
the net impact results.
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4. EVALUATION RESULTS

4.1 Gross | mpacts
The gross impacts are shown in Exhibit 4.1.

Exhibit 4.1

Gross | mpacts

End PG&E Measure N Ex Post Gross | mpacts
Use Code* Description App. kWh kW Therms
Ag Al Pump Repair 111 | 4,672,255 - -
Pumping A40/ A41/ A42 ] A43 L ow-Pressure Nozzles 5 93,920 40 -
and Related A44 ] A45/ A47 ] A49/ A51/ A55 |Micro-Irrigation Conv. 32| 1,167,915 1,411 -
Ag Pumping and Related End Use Total 148 | 5,934,091 1,451 -
Refrigeration |R17/R18 High-Capacity Condenser 10| 2,548,252 285 -
R2 Strip Curtains for Walk-In 1 - - -
R52 Condensate Evaporator 2 1,681 0.1 -
Refrigeration End Use Total 13| 2,549,933 285 -
Greenhouse
Heat Curtain
Total A10 Greenhouse Heat Curtain 11 - - 380,118
Ag Pumping, Refrigeration, and Greenhouse Heat Curtain End Uses 172 | 8,484,024 1,736 380,118
AG Miscellaneous End Uses** 65| 1,763,304 301 -
AEEI PROGRAM TOTAL 237 | 10,247,327 2,037 | 380,118

Data Source: 1997 PG& E Frozen MDSS Database - April 8, 1998
*PG& E MDSS Measure Codes
**The miscellaneous end uses are evaluated under Protocol Table C-9. They are not included in this evaluation.

The differences between the ex ante and ex post gross impacts are discussed below in

section 4.4.

4.2 Net-to-Gross Adjustments

The gross impacts were multiplied by 0.75 to determine the net impacts, as per the
CADMAC Waiver approved on June 17, 1998.

4.3 Net Impacts
The net impacts are shown in Exhibit 4.2.
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Exhibit 4.2
Net Impacts
End PG&E Measure N Ex Post Net Impacts
Use Code* Description App. kWh kW Therms
Ag Al Pump Repair 111 3,504,191 - -
Pumping A40/ A41/ A42 ] A43 L ow-Pressure Nozzles 5 70,440 30 -
and Related A44 | A45 [ A4T [ A49/ A51/ AS5|Micro-Irrigation Conv. 32 875,937 1,058 -
Ag Pumping and Related End Use Total 148 4,450,568 1,088 -
Refrigeration R17/R18 High-Capacity Condenser 10 1,911,189 214 -
R2 Strip Curtains for Walk-In 1 - - -
R52 Condensate Evaporator 2 1,261 0.1 -
Refrigeration End Use Total 13 1,912,450 214 -
Greenhouse Heat
Curtain Total A10 Greenhouse Heat Curtain 11 - - 285,088
Ag Pumping, Refrigeration, and Greenhouse Heat Curtain End Uses 172 6,363,018 1,302 | 285,088
AG Miscellaneous End Uses** 65 1,482,983 250 -
AEEI PROGRAM TOTAL 237 7,846,001 1,552 | 285,088
Data Source: 1997 PG& E Frozen MDSS Database - April 8, 1998
*PG& E MDSS Measure Codes

**The miscellaneous end uses are evaluated under Protocol Table C-9. They are not included in this evaluation.

There was no net analysis to determine the net-to-gross ratio. Therefore, all the
discussion regarding the evaluation differences between the ex ante estimates and ex post
results are in section 4.4, Gross Realization Rates.

4.4 Gross Realization Rates

The evaluation gross realization rates are shown in Exhibit 4.3. The discrepancies will be
discussed by end use and measure.
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Exhibit 4.3
Gross Realization Rates
End PG&E Measure N Gross Realization Rates
Use Code* Description App. kWh kW Therms
Ag Al Pump Repair 111 1.28 0.00 -
Pumping A40/ A41] A42 ] A43 L ow-Pressure Nozzles 5 0.66 0.76
and Related A44] A45/] A47 | A49/ A51/ A55 |Micro-Irrigation Conv. 32 0.24 0.57
Ag Pumping and Related End Use Total 148 0.69 0.44
Refrigeration R17/R18 High-Capacity Condenser 10 1.07 0.69
R2 Strip Curtains for Walk-In 1 0.00 0.00
R52 Condensate Evaporator 2 0.33 0.33
Refrigeration End Use Total 13 1.07 0.69
Greenhouse Heat
Curtain Total A10 Greenhouse Heat Curtain 11 - - 0.65
Ag Pumping, Refrigeration, and Greenhouse Heat Curtain End Uses 172 0.77 0.47 0.65
AG Miscellaneous End Uses** 65 1.00 1.00 -
AEEI PROGRAM TOTAL 237 0.80 0.51 0.65

Data Source: 1997 PG& E Frozen MDSS Database - April 8, 1998
*PG& E MDSS Measure Codes
**The miscellaneous end uses are evaluated under Protocol Table C-9. They are not included in this evaluation.

4.4.1 Pumping and Related End Use

4.4.1.1 Pump Repair

The ex ante and ex post impacts were determined using the algorithm shown in Exhibit
3.5 and 1996 billing data. The total ex ante kWh billed from the MDSS was 34,768,389
kWh for the 111 pumps repaired. This value represents the pre-repair pump usage for
only the repaired pumps. Once the 1997 kWh data were analyzed to obtain the post-repair
pump usage for the repaired pumps, it totaled 25,607,561. The decrease in usage from
1996 was expected due to the wet weather in 1997. Based on this aone, one would
expect the ex post impact to be smaller than the ex ante estimate. This was not the case
because of the higher than projected OPE ratios determined in the ex post analysis and
applied for al pumps. The ex ante analysis used two horsepower bins to determine OPE
and did not distinguish between pump types. For comparison purposes only, Exhibit 4.4
compares the OPE values used for the ex ante and the ex post cases in the bins used in the
ex ante estimates. These are not the bins used in the ex post analysis; however, Exhibit
4.4 does demonstrate that the ex post OPE values are higher than the ex ante OPE
estimates. The OPE ratio differences were the reason for the ex post impacts being higher
than the ex ante estimate of impacts.
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Exhibit 4.4
Ex Ante and Ex Post OPE Ratios

Bin 1 (20-75 hp) | Bin 2 (Over 75 hp)

Ex Ante 0.210 0.106
Ex Post 0.230 0.181
N of Ex Post 55 56

4.4.1.2 Low-Pressure Sorinkler Nozzes

The evauation team audited four of the five sites. The impacts for two of the sites were
set to zero. One of the two sites was using the nozzles for flow regulation and had not
decreased pressure at the pump. The other site increased both the horsepower and the
pressure seen at the pumps, while moving from watering with four sets of nozzlesto three
sets of nozzles. While the grower was able to water the same acreage in less time, there
were no kW or kWh impacts to PG& E.

One site had good pump test information. The algorithms shown in Exhibit 3.6 and
Exhibit 3.7 were applied to the data collected at this site. This site had arealization rate
higher than 1.0. It was because of this site that the overall realization rate for this measure
was higher than 0.50 (e.g., if two sites have aredlization rate of 0 and the other two have
arealization rate of 1.0, the average would be 0.50).

Because only one site had both a positive impact and pump test data available, and the
realization rates were over 1.0 for that site, the results of that one site were not used to
help determine the impacts of the two sites without data. The ex ante estimates were
conservatively used for the two sites where pump test data could not be collected. For one
of these two sites, the grower was contacted only after many attempts. He indicated that
the sprinkler system could not be tested. The grower was reluctant to give further
information. The findings during the on-site audit at the non-zero/non-tested site
indicated that there were impacts at the pump, but no pump test could be performed.

4.4.1.3 Micro-irrigation Conversion

The thirty-two sites with micro-irrigation conversion rebates showed a much lower ex
post energy impacts than predicted by the ex ante estimates. It was not possible to collect
good pump test datafor all sites. There were six sites to which the average of the other 26
ex post analyses results of kWh/acre (202 kWh/acre) and kW/acre (0.18 kW/acre)
impacts were assigned.

The ex post kwWh impact is smaller than the ex ante estimate due to lower ex post findings
for the acre-foot per acre (AF/Ac) of water applied and the lower pre/post pressure
difference. The ex ante estimate assumes an average 2.7 AF/Ac, while the ex post
average finding was 1.3 AF/Ac. The ex ante estimate uses an acreage-weighted, average
annual net irrigation requirement with various assumptions such as 33% of average
annual grossrainfall as effective. The ex post findings used the 1997 kwWh data for all
pumps irrigating the acreage and KWh/AF from the site-specific pump test to determine
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the AF used on the crop in 1997. The AF value was then divided by the acreage watered
by micro-irrigation to determine the AF/Ac value.

The ex ante assumed a pressure difference of 36 psi between the pre- and post-retrofit
systems, while the actual average ex post pressure difference found for the sites inspected
was only 13 psi. Coupled with the lower AF/Ac value, the ex post energy impact was
substantially lower than the ex ante estimate. The lower pressure difference also led to a
lower ex post demand impact.

442 Refrigeration End Use

4.4.2.1 Oversized Condensers

The ex post energy impacts for oversized condensers were higher than the ex ante
estimates, while the demand impacts were lower. The ex post analysis resulted in alower
tons of compression total heat rejected (THR). The ex ante average value was 789 tons
THR, while the ex post average finding was 351 tons THR. However, the ex post
estimated full load operating hours were higher (4,571 ex post versus 3,030 ex ante).
Additionally, the ex post analysis had a slightly greater condensing temperature
difference pre-to-post than the ex ante (15.1 ex post versus 11.3 ex ante), leading to
greater impacts.

The differences were not surprising since the evaluation used the actual average operating
pressures found at each site to determine the tons of refrigeration used, while the ex ante
estimate used the maximum possible tons of heat rejection between the pre- and post-
retrofit estimate at design temperatures. These findings also explain why the ex post
demand impacts are less than the ex ante estimates.

4.4.2.2 Non-Electric Condensate Evaporator Refrigerators/Freezers

There were two sites that installed this measure. One installed only arefrigerator, while
the other installed both arefrigerator and freezer. At the site with just the refrigerator, the
manufacturer used air funneled around the compressor to defrost the evaporator. The ex
ante estimate was used for the ex post impact result. At the other site, the manufacturer
used electric resistant coils to defrost. A technical engineer at this manufacturer was
gueried specifically regarding what they used. It was determined that the defrosting
device drew about 300 watts and there are no models that use hot gas to defrost.
Therefore, the impacts were set to zero for this site (for both the refrigerator and freezer).
Since the measure impacts are the same, regardless of whether the measure was a
refrigerator or a freezer, the ex post results are ssimply one-third of the ex ante estimates.

4.4.2.3 Srip Curtains

One siteinstalled strip curtains. This site did not use the strip curtains as expected in the
ex ante estimate. The ex ante estimates assumed that strip curtains are placed between a
refrigerated walk-in and a conditioned space. At this site, the strip curtains were placed
on alarge door between the outside and an unconditioned warehouse. The warehouse
shared interior walls with refrigerated storage space. The curtains were installed to
decrease the wind through the space and decrease the temperature within the
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unconditioned warehouse. Once the plant manager realized that he could refrigerate the
warehouse space in the evenings, he used it about three times per week to store excess
produce. The unconditioned warehouse was brought down to 34° F by closing all outside
doors and opening up large doors between the refrigerated and unconditioned spaces. The
Site operator stated that the strip curtains made this possible because they kept the
daytime temperature in the previously unconditioned space lower. The site operator
stated that without the measure he would not have been able to use the previously
unconditioned space in this manner.

Based on assumptions within the analysis of this site and how the space was used during
1997, the impacts from the installation of the strip curtains were equal to or less than the
energy used to refrigerate the unconditioned warehouse. The ex post impacts were set to
zero.

4.4.3 Greenhouse Heat Curtain End Use

The ex post findings of impacts were less than the ex ante estimate of impacts. The ex
ante estimate of impacts used an average savings of 0.60 therms per square foot of heat
curtain purchased. The ex post analysis average impacts were 0.50 therms per square foot
of heat curtain installed. Included in the thermg/ft? value are all the differences between
the ex ante and ex post analysis method and input assumptions. Some of these inputs are
shown in Exhibit 4.5. These include alower average nighttime temperature, a smaller
reduction in air changes, differences in roof U-values, and fewer square feet of heat
curtain installed than was originally rebate.

Exhibit 4.5

Ex Anteand Ex Post Heat Curtain Inputs

Input Item Ex Ante Ex Post

Nighttime Temperature 65 °F Varied between 45 °F and 85 °F with

an average of 60 °F

Air Changes with Heat 33% reduction | 12% reduction

Curtain
Roof U-value No Heat 1.23 1.02
Curtain
Roof U-value With Heat | 0.45 0.50
Curtain

The ex post impacts averaged 38% of the pre-retrofit estimated therm usage. While the
pre/post-therm usage could not be correlated with billing data reductions because many
sites had multiple greenhouses on one meter, billing data were looked at for some of the
sites. The estimated usage for afew of the specific greenhouses was not unreasonably
large or small compared to the actual therm usage. As such, while the gross realization
rate was relatively low, the evaluation team believes the analysis appropriately reflects
the actual impacts.
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45 Net Realization Rates

Since the net-to-gross ratios were the same for the ex ante and the ex post measures, the
net realization rates are identical to the gross realization rates. For the sake of
completeness, however, they are shown in Exhibit 4.6.

Exhibit 4.6
Net Realization Rates
End PG&E Measure N Net Realization Rates
Use Code* Description App. kWh kW Therms
Ag Al Pump Repair 111 1.28 0.00 -
Pumping A40/ A41/ A42 ] A43 Low-Pressure Nozzles 5 0.66 0.76 -
and Related A44 ] A45/ A47 ] A49/ A51/ A59Micro-Irrigation Conv. 32 0.24 0.57 -
Ag Pumping and Related End Use Total 148 0.69 0.44 -
Refrigeration R17/ R18 High-Capacity Condenser 10 1.07 0.69 -
R2 Strip Curtains for Walk-In 1 0.00 0.00 -
R52 Condensate Evaporator 2 0.33 0.33 -
Refrigeration End Use Total 13 1.07 0.69 -
Greenhouse Heat
Curtain Total A10 Greenhouse Heat Curtain 1 - - 0.65
Ag Pumping, Refrigeration, and Greenhouse Heat Curtain End Uses 172 0.77 0.47 0.65
AG Miscellaneous End Uses** 65 1.00 1.00 -
AEEI PROGRAM TOTAL 237 0.81 0.51 0.65
Data Source: 1997 PG& E Frozen MDSS Database - April 8, 1998
*PG& E MDSS Measure Codes

**The miscellaneous end uses are evaluated under Protocol Table C-9. They are not included in this evaluation.

4.6 Gross Per-Unit | mpacts
The gross per-unit impacts are shown in Exhibit 4.7.

Exhibit 4.7
Gross Per-Unit Impacts
End Measure N of DUOM Ex Post Gross Per-Unit Impactg
Use Description DUOM Electric Gas kWh kW Therms
Ag Pump Repair AF of Water Pumped 95,944 - 49 0.000 -
Pumping L ow-Pressure Nozzles 10,321 - 9 0.004
and Related Micro-Irrigation Conv. 4,770 - 245 0.296
Ag Pumping and Related End Use Total 111,035 - 53 0.013
Refrigeration High-Capacity Condenser | Tons of Refrigeration 3,512 - 726 0.081
Strip Curtains for Walk-In (THR) 0 - 0 0.000
Condensate Evaporator 49 - 34 0.002
Refrigeration End Use Total 3,561 - 716 0.080
Greenhouse Heat
Curtain Total Greenhouse Heat Curtain | Square Foot of Heat Curtai o| 789,069 - - 0.48

Thefiled Table E3 produced by PG& E used a designation unit of measure (DUOM) of
the number of applications for the refrigeration and Ag other end-uses. As such, the per-
unit savings are not directly comparable to ex ante estimates, as shown in Exhibit 4.7.
However, if the ex post gross impacts are divided by the number of applications (13 for
refrigeration and 11 for Ag other), the per-unit impacts can been directly compared .
These direct comparisons of per-unit impacts are shown in Exhibit 4.8.
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For the pumping and related end use, the ex ante per-unit estimate (shown in Exhibit 4.8)
is higher than the ex post per-unit impact using the same number of units. It is unclear
how the ex ante per-unit values were determined. However, the DUOM 